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1. Introduction

This paper aims to develop a disaggregated accounting framework that consistently
decomposes gross trade at the sector, bilateral, or bilateral-sector level, into the sum of various
value added and double counted components. For example, gross exports from a particular
country-sector can be decomposed into the sum of value added contributions from its own sector,
other sectors from the exporting country, sectors from all other countries, and double counted

items.

A common approach in the existing literature is to decompose final demand or value-added
(GDP) by industry using standard Leontief methods that extracts value added from gross outputs
(exports). However, there is additional information about the structure of domestic value added
and double counting in gross trade flows that cannot be captured by the standard Leontief
decomposition. As we will show, these value added and double counted items each have
different economic meanings and their relative importance represents different types of

cross-country production sharing arrangements.

Estimating value added exports or domestic value added in a country’s gross exports alone
can be accomplished by directly applying the standard Leontief (1936) decomposition, which
does not require decomposing international intermediate trade flows. However, uncovering the
value added structure of gross trade at a disaggregated level requires finding a way to decompose
intermediate trade into value added and double counted parts, which cannot be achieved by

simply multiplying the Leontief inverse and final demand.

To solve the problem, we propose a method to decompose all bilateral intermediate trade
flows into major final demand groups according to their final destination of absorption and
express gross output in all stages of production as related countries’ final demand. This key
technical step enable us to decompose gross trade flows in any given year ex post into final
products thus laid out the foundation to interpret gross trade in value-added terms in our

accounting framework.

Koopman, Wang, and Wei (2014), KWW hereafter, have made a first effort in this direction
by providing a unified framework to decompose a country’s total gross exports into nine value
added and double counted components. Conceptually, the nine components can be grouped into

four buckets: (1) domestic value-added in exports that is absorbed abroad, similar to “value



added exports” as defined by Johnson and Noguera (2012); (2) domestic value added that is
initially exported but eventually returned home. While it is not part of a country’s “value added
exports,” it is part of the exporting country’s GDP; (3) foreign value added that is used in the
production of a country’s exports and eventually absorbed by other countries; and (4) what
KWW call “pure double counted terms,” arising from intermediate goods trade that cross borders
multiple times. Other measures of international production sharing in the earlier literature such as
VS (vertical specialization) and its variants, VS1 and VS1*, and the VAX ratio (the ratio of value
added exports to gross exports) are shown to be some linear combinations of the terms in
KWW’s decomposition formula. While the method of KWW (2014) is valid only for a country’s
aggregate exports, our new framework is able to consistently decompose gross trade flows at any
level of disaggregation into the above four buckets. It in fact allows one to further decompose
each of the four buckets above into finer components representing different types of
cross-country production sharing arrangements. For example, we can decompose exports of
domestic value added by different demand channels and trade routes, further identifying whether
they are embedded in final exports, intermediate exports that are absorbed in the direct importing

countries, or intermediate exports that are re-exported and absorbed in home or third countries.

The main contribution of this paper is to provide such a consistent accounting framework for
gross trade at either the sector, bilateral, or bilateral-sector level. It bridges the standard of System
of National Account (SNA) and trade statistics, laid out the methodology foundation to interpret
official trade data in value-added terms. In addition, it produces a series of decomposition results
to illustrate how such a structural decomposition can help us to better understand the pattern of
international production sharing and discover global value chains-related information masked by
official trade data.

In order to do the decomposition at such a disaggregated level, we have to make an important
distinction between backward and forward industrial linkages, which enables us to decompose
gross intermediate trade flows based on their final destination of absorption at the bilateral-sector
level. It turns out that separating value added by backward versus forward industrial linkages is a
conceptual breakthrough that allows one to trace the structure of international production sharing
at a disaggregated level. To the best of our knowledge, the literature has not previously made a
clear distinction between them to separate various trade in value-added measures. While KWW

(2014) made a distinction between domestic value added embedded in gross exports versus value



added exports, they do so only at the country aggregate. More importantly, they do not
distinguish backward versus forward industrial linkages — such a distinction is not important at
the country aggregate level, but is crucial at a disaggregated level. In particular, value added via
backward linkages is a crucial measure for many important indicators related to intermediate

goods trade at the sector, bilateral, or bilateral-sector levels.

By applying our disaggregated decomposition framework to bilateral-sector gross trade flows
in the World Input Output Database (WIOD) (Timmer et al. (2012)), we produce a sequence of
large panel data sets that reveal the value added structure of 35 sectors’ gross bilateral trade
flows among 40 economies over 17 years'. While the paper does not directly investigate the
causes or consequences of patterns of international production sharing, the disaggregated
accounting framework that we developed and the panel data sets that are derived from the
framework can be used by other researchers to enrich the set of possible future research on these

topics.

Because the full decomposition results take up several gigabytes of space, we illustrate
potential usefulness of the resulting data by a series of examples that utilize different subsets of
the overall decomposition output. For example, we show how we may trace structural changes in
a widely used measure of vertical specialization, initially proposed by Hummels, Ishii, and Yi
(2001), to better understand global production sharing pattern changes over time. We distinguish
two types of “trade in value added” measures and two types of domestic value added embedded
in gross exports based on forward and backward industrial linkages at the country-sector or
bilateral-sector levels and quantify their relationships. These represent significant new progress
relative to KWW (2014).2

This paper is organized as follows: Section 2 presents our methodological framework and
discusses the relationships among the various value-added trade measures at disaggregate levels
as well as economic properties of various double counted components in gross trade flows.

Section 3 reports selected empirical decomposition results based on the WIOD. Section 4

! The country and industry classification of WIOD is listed in the online Appendix H.

2 The calculation of domestic value added that is ultimately absorbed abroad based on forward industrial linkages
has been done at the bilateral and sector level. Indeed, some examples are given in KWW (2014). However, KWW
did not separately compute the measures of trade in value added associated with gross trade flows. In addition, the
computations of the other two components (foreign value-added and pure double counting) that could sum to 100%
of gross trade flows are only done at the country aggregate level, not at the sector, bilateral, or bilateral-sector level
in KWW.



provides some concluding remarks.

2. Concepts and Methodology
2.1 The Standard Leontief decomposition and its limitations

All the decomposition methods in the recent vertical specialization and trade in value added
literatures are rooted in Leontief (1936), who demonstrated that the amount and type of
intermediate inputs needed in the production of one unit of output can be estimated based on
input-output (IO) structures across countries and industries. Using the linkages across industries
and countries, gross output in all stages of production that is needed to produce one unit of final
product can be traced. When the gross output flows (labeled as “endogenous” in a standard 10
model) associated with a particular level of final demand (labeled as “exogenous” in a standard
10 model) are known, value added production and trade can be derived simply by multiplying
these flows with the value added to gross output ratio in each country/industry.

To better understand how the standard Leontief decomposition works, let us assume a
two-country (home and foreign) world, in which each country produces products in N
differentiated tradable industries. Products in each sector can be consumed directly or used as
intermediate inputs, and each country exports both intermediate and final goods and services.

All gross output produced by Country s must be used as either an intermediate or a final
product at home or abroad, or

X' =A"X"+Y "+ A" X" +Y" 5s=12 (1)
where X® is the Nx1 gross output vector of Country s, Y*is the Nx1 final demand vector that
gives demand in Country r for final products produced in s, and A* is the NxN IO coefficient
matrix, giving intermediate use in r of goods and services produced in s. The two-country

production and trade system can be written as an ICIO model in block matrix notation
XS AXS AS}" XS YSS + YSV
=1, + 2)
Xl AIS Arr XV YVS +YVV
After rearranging terms, we have
X B I— A% — 4 = YS 47 _ B* BTy (3)
X}" _ ArS ] _ Arr Y}‘S + Yrr BrS Brr Yr

where B*" denotes the NxN block matrix, commonly known as a Leontief inverse, which is the



total requirement matrix that gives the amount of gross output required by Country s in
producing a one-unit increase of final demand in Country r. Y®is an Nx1 vector that gives global
use of Country s’s final products, including domestic final sales Y* and exports of final products
Y*®". The relationship expressed in (3) reflects the standard Leontief insight. The intuition behind
the expression is as follows: when $1 of export is produced, a first round of value added is
generated (denoted as V). This is the direct domestic value added induced by the $1 export. To
produce that export, intermediate inputs have to be used. The production of these intermediate
inputs also generates value added. This is the second round or indirect domestic value added
induced by the $1 export. Such a process to generate indirect value added continues and can be
traced to additional rounds of production throughout the economy, as intermediate inputs are
used to produce other intermediate inputs. The total domestic value added induced by the $1
export thus is equal to the sum of the direct and all rounds of indirect domestic value added
generated from the $1 of the export production process. Expressing this process mathematically
using the terms defined above, we have

TVshare =V +VA+VAA+VAAA +...=V(I+ A+ A> + 4> +.)=V({I - A)" =VB 4)

It can be shown that the power series of matrices is convergent and the inverse matrix exists
as long as A is in full rank (Miller and Blair, 2009). It is easy to prove that each element of the
final VB vector equals unity.> The two-country total value added coefficient (VB) matrix as

named in the input-output literature can be written as:
1B* B s . s o
vB=[y* v’ {B” B”} ~[rB 4y B VB4V B"] %)

The decomposition of the country-sector level value added and final products production as

a direct application of the standard Leontief decomposition can be expressed as follows:
A 55 B*® B > s 55 DSSVS S5 pSryr
2SS L R A B L ©)
0 Vr Bi.i‘ Bl}" 0 Y} V) BF.XYS VVB}’)’Y}’

For N=2, Equations (6) can be re-written by element as:

3 VB=VU-A) "' =(u-ud)I-A)" ' =u(I-AI-A)" =u
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This matrix gives the estimates of sector and country sources of value added in each
country’s final goods production. Each element in the matrix represents the value added from a
source sector of a source country directly or indirectly used in the production of final goods

(absorbed in both the domestic and foreign markets) in the source country. Looking at the matrix

along the row yields the distribution of value added created from one country-sector used across
all countries-sectors. For example, the first element of the first row, v, b (y," +»,") is value
added from sector 1 of Country s to produce the final products of sector 1 for domestic sales and
exports. The second element, v/ b, (v, +¥,"), is value added of sector 1 in Country s from
production of intermediates used as inputs to produce the final products of sector 2. The third and
fourth elements, v;b;| (¥, + ¥, ) andv,b) (5 +; ), are value added of sector 1 in Country s
from the production of intermediate inputs to produce final products in sectors 1 and 2 in
Country 1, respectively. Therefore, summing up the first row of the matrix, we obtain the total

value added created by production factors employed in sector 1 of Country s. In other words, it

equals GDP by industry of sector 1 in Country s. Expressing this mathematically,
vay ot GDB" = vix; = vy (b)) + D5y, + by +b5y3) ®)
=[bs ) vt O D] B O + 9 B G5 + 1)

Looking at the VBY matrix down a column yields the contributions of value added from

all countries-sectors to the final goods produced by a particular country-sector. For example, the
second element in the first column,v;b5,(y;" +3;"), is value added created from sector 2 in
Country s in its production of intermediate inputs used by sector 1 in Country s to produce its
final products, and the third and fourth elements, v/b/;(3" +»") and v;b;;(y;" + ;") are value

added from sectors 1 and 2 of (foreign) Country r to produce intermediate inputs used by sector 1



in Country s in the production of its final products, respectively. Adding up all elements in the

first column equals the value of final products of sector 1 produced in Country s, i.e:

ANy

S1.58 Ss Sr SI.SS Sr rrs
by (7 + ) +vyby O + ) b (v
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In summary, the sum of the VBY matrix along a row accounts for how each country’s

domestic value added originating in a particular sector is used by the sector itself and all its

downstream countries-sectors. It traces forward industrial linkages across all downstream

countries-industries from a producer’s perspective. The sum of the FBY matrix down a column
accounts for all upstream countries-sectors’ value added contributions to a specific
country-sector’s final products; it traces backward industrial linkages across upstream
countries/industries (as different stages of production) from a user’s perspective. Based on the
identity given by equation (5), all these sources should sum to 100% of the value of the final
products for any given country-sector.

Therefore, the producer-side perspective (summing elements in a row) decomposes how
each country’s GDP by industry is used, directly and indirectly to satisfy domestic and foreign
final demand, while the user-side perspective (summing elements in a column) decomposes a
country-sector’s final goods and services production into its original country-sector sources. As
an example, in the electronics sector, the producer-side perspective includes the value added
created by production factors employed at the electronics sector and incorporated into the final
goods exports of electronics itself (direct domestic value added exports), as well as in the final
goods exports of computers, consumer appliances, and automobiles (indirect domestic value
added exports). In other words, it decomposes GDP (domestic value added) by industry
according to where (i.e., which sector-country) it is used. Such a forward linkage perspective is
consistent with the literature on factor content of trade. On the other hand, decomposition from a
user’s perspective includes all upstream country-sector’s contributions to value added in a
specific country-sector’s final goods exports. In the electronics sector, it includes value added in
the electronics sector itself as well as value added in inputs from all other upstream
country-sectors (such as glass from country A, rubber from country B, and transportation and
design from the home country) used to produce electronics for exports by the home country
(direct/indirect domestic value added and foreign value added in final goods exports). Such a

backward industrial linkage based perspective aligns well with case studies of supply chains of



specific sectors and products, as the iPod or iPhone examples frequently cited in the literature.

These two different ways to decompose value added and final goods production each have
their own economic interpretations and thus different roles in economic analysis. The GDP by
industry decomposition can address questions such as “who is the final consumer of value-added
generated from the Japanese electronics industry?” while the final products decomposition is
able to answer questions such as “what is the difference in the value added source structure
between a car exported from Germany and that from China?” While they are equivalent in the
aggregate since global value added production equals global final demand, they are not equal to
each other at the sector, or bilateral-sector level.

There are several attempts to estimate trade in value added and to decompose value added
and final goods production based on the standard Leontief decomposition and ICIO database in
recent years. Timmer et al. (2013, 2014) decompose manufacturing final goods production based
on backward industrial linkages. For example, their method provides estimates on how much
contribution an unskilled worker employed in the Chinese steel industry makes to cars produced
in Germany, or how much contribution a skilled US worker in the electronics industry makes to a
computer consumed by Chinese households.

Johnson and Noguera (2012) and Johnson (2014) estimate value added exports based on
forward industrial linkages. However, they only measure sector value added absorbed by foreign
countries, i.e., part of GDP by industry statistics that are driven by foreign final demand.
Defining the VAX ratio by such a forward linkage method would yield a measure that is not well
behaved at the sector or bilateral level, because domestic value added from other domestic
sectors is not reflected in the forward linkage based calculations, but is quantitatively important
for a typical country-sector. Indeed, the VAX ratio as defined this way could be infinite for
sectors that do not directly export. We will suggest an alternative way to define such a summary
index based on backward industrial linkages which is consistently bounded by zero and one at
any level of disaggregation later in this paper.

In any case, if one is only interested in computing domestic value added embedded in a
country-sector’s gross exports that is ultimately absorbed abroad, applying the standard Leontief
decomposition is sufficient. However, as pointed out in the introduction, to better understand
different types of cross-country production sharing arrangements, one needs to quantify the

structure of domestic value added and other components of gross exports at the sector, bilateral,



and bilateral-sector levels. In such circumstances, the standard Leontief decomposition is not
sufficient since it does not provide a way to decompose intermediate trade flows across countries
into various value added terms according to their final absorption as it does to sector-level value
added and final goods production illustrated by equation (7).

In Leontief’s time from the 1930s to thel960s, intermediate goods trade is relatively
unimportant. Today, it is more than half of world gross trade. Most of such trade is two-way
trade in intermediate goods. For example, US exports parts of machineries to China which are
used in the machineries to produce car parts for the US and Germany’s auto industries. So being
able to decompose intermediate goods trade has become crucial in generating a complete value
added accounting of gross trade flows. KWW has made a useful step to perform such
decomposition at the country aggregate level, but as we pointed out earlier, there is no need to
keep track of forward and backward linkages across countries and industries separately at that
level, which makes the job easier. However, one has to confront such technical challenges in
decomposing gross trade flows at the sector, bilateral, or bilateral-sector level, which has to go
beyond a simple application of the standard Leontief decomposition, as we will demonstrate in

detail below.

2.2 Decomposing intermediate and gross trade flows*
The gross exports of Country s to Country r, ES", can be decomposed into two parts: final

goods exports and intermediate goods exports based on the following accounting identity:
ES}” — YS}” + ASVX}’ (10)

As shown in the previous section, final goods exports can be easily decomposed into
domestic and foreign value added by directly applying the standard Leontief decomposition.
However, the decomposition of intermediate goods exports is more complex. It cannot be
achieved by simply multiplying the Leontief inverse with gross intermediate exports (which
leads to double counting) because the latter has to be solved from the ICIO models first for any

given level of final demand. To overcome this problem, all intermediate goods trade needs to be

4 To help readers understand the derivation of our gross trade decomposition equation, we also extend the

two-country, two-sector ICIO model specified in section 2.1 into a 3-country, 2-sector model as an example in
Appendix A to show how a country’s gross exports can be decomposed into the sum of components that include
both the country’s domestic value added in exports and various double-counted components at the bilateral-sector
level.

10



expressed as different countries’ final demand according to where they are absorbed before they
can be consistently decomposed. This is what we are going to do next.

Extending equation (3) to a G country setting, and inserting it into the last term of equation
(10), we can decompose Country s’s gross intermediate goods exports to Country r according to

where they are absorbed as:

ASI”XI‘ =ASVBI’I‘YFV+ASF iBl‘lYll+ASrBrrin‘[+ASr ZG:Bﬂthu

t£s,r 18,1 18,1 u#s,t
4 G (11)
+ AsrBrryrs + Asr Z BrtYm + AsrBrsy.\'s + AsrBrs Z Yst
t#8,r s

These eight terms® on the right side of equation (11) collectively decompose Country s’s
intermediate exports to Country r completely according to where they are finally absorbed. It
will be used later to decompose the domestic originated value of a country’s bilateral gross
exports into different value added and double counted components.

From equation (2), the gross output production and use balance conditions, we know

G G
X' =A"X"+) A"X +Y"+DY"

mG o (12)
=A"X"+Y" +ZE"’ =A"X" +Y" +E”

Re-arranging terms:
Xr — (I_Arr)—lyrr +(I_Arr)—l Er* — eryrr +erEr* (13)

where L” =(I — A”)™" is the local Leontief inverse.

Inserting equation (13) into the last term of equation (10), Country s’s intermediate goods
exports to Country r can also be decomposed into the following two components according to

where it is used (domestic sales and exports), similar to a single country IO model:
A"X =A"L"Y" + A"L"E” (14)
It will be used later to decompose the foreign originated value of a country’s bilateral gross
exports into different value added and double counted components.®
Equations (11) and (14), each completely decomposing Country s’s intermediate exports to

Country r according to where they are finally absorbed, are the key technical steps to fully

5
6

A detailed interpretation of each term in equation (11) is in Appendix B.
By doing so, we significantly simplify our core decomposition equation (18).

11



decomposing gross bilateral trade flows, since they convert gross output (and gross exports),
usually endogenous variables in standard ICIO models, to exogenous variables in the gross trade
accounting framework we developed in this paper. Together with the adding-up condition for the
global value added multiplier defined in equation (5) and the local value added multipliers
defined below, they are the major stepping stones for deriving our gross exports decomposition
formula.
Extending equation (5) to a G country setting, we can obtain Country s’s domestic and
foreign value added (represented by partner Country r and third Country t) multipliers as follows:
G
V'B*+V'B"+) V'B* =u (15)
t#£s,r
Defining “#” as an element-wise matrix multiplication operation,” Country s’s final goods
exports to Country r can be easily decomposed into domestic and foreign value added at the
sector level by applying the standard Leontief decomposition directly:
G
Ysr — (VSBSS)T#YSI‘ + (VrBrS)T#Ysr + (Z VtBtS)T#Ysr (16)
t#£S,r
Similarly, the value of Country s’s gross intermediate exports to Country r at sector the level

can be expressed as

G
AsrXr — (VSB,vx)T#(AS}'Xr) + (VrBrX)T#(A.\‘rXr) + (z VtBtS)T#(A.\‘rXr)

t£S,r

— (VSLYS )T#(Aerr) + (VSBss _ VA'L\'X)T#(ASrXr) (17)

G
+(VrBrS)T#(AsrXr)+(ZVtBtS)T#(AsrXr)

t#s,r

where V°L” is the domestic value added multiplier similar to a single country IO model.
Inserting equation (11) into the first term of equation (17) and equation (14) into the last
two terms of equation (17) respectively, then combining equations (16) and (17), we obtain the

decomposition equation of Country s’s gross exports to Country r as follows®:

7 For example, when a matrix is multiplied by an 7 X 1 column vector, each row of the matrix is multiplied by the

corresponding row element of the vector.

8Using equations (10)—(12), one can further decompose 4 x”in DDC (category 5) and £"in FDC (category 8)
according to final demand, i.e., where they are finally absorbed. We chose to express these two double counting
terms in the current format and use equation (14) to decompose the foreign originated value in order to simplify our
final decomposition formula. The further decomposition of DDC and FDC according to their final absorption is
reported in Appendix C (equation C8 and C9).

12



ESI‘ — (VSBS,\')T #Y.vr + (V,\'LVS)T #(A.vrBrryrr)

(1)-DVA_FIN (2)-DVA_INT
[ G G G G
+ (VSLYS)T # Axr Z Brtytt + AxrBrr Z Yrt + A.w Z Brt z Ytu
L t#s,r t#£s,r t#s,r u#s,t

~
(3)-DVA_ INTrex

B G
+ (V.\‘LSS )T # ASI‘BI‘VYFS + A.VI‘ z BF/YIS + ASV‘BFSYS.V}

t1#£s,r

(4)-RDV _G

+

B G G
(VSLSS)T #(AsrBrs ZYSI) + (VSLSSZASIB[S)T #(Aer)i|

t#s 1#s

(5)-DDC

+

i G
(VrBrS)T #Ysr + ( Z VIB[S)T # Ysr:|

t#s,r

(6)-FVA_FIN

+

i G
V)'Brs T # Asreryrr + VtBrs T # AsrerYrr
_( ) ) (;J ) # )} (18)

(7)-FVA_INT

+

i G
(VrBrs)T #(AsrerEr*) + ( Z VtBts)T #(AsrerEr*):|

t#£s,r

(8)-FDC

4
whereV SL”Z A*B® =V°B* —V°[*. Equation (18) indicates that the gross exports from

t#s

Country s to Country r at sector levels can be completely decomposed into the sum of 16 detailed
terms in 8 major categories. To better understand each category in this accounting equation, we

provide the following economic interpretations:

The 1% category, (V*B*) #Y”, is domestic value added (DVA for short) embodied in final
goods exports. We label it as DVA_FIN for short.

The 2" category, (V°L”) #(A”B"Y"), is DVA in intermediate exports used by direct

importer (r) to produce local final goods consumed in r. We label it as DVA_INT for short.’

 Note that the first and second terms in equation (18) include both domestic value-added directly and indirectly

absorbed by the importing country. Domestic value added of the exporting country that is directly absorbed by the
partner country can be measured as(VSLS)T#YS"(final goods), which is a portion of the 1% term, and
(VSLS)T#(ASTL"Y™) (intermediate goods), which is a portion of the 2" term. These two portions are called
“Ricardian Trade” by Borin and Mancini (2015), which do not involve any additional production activity in third
countries. The domestic value-added in exports indirectly absorbed by the partner country is measured by
[VS(BSS — LS)]T#Y"and (VSLSS)T#(AST(B'™™ — L'")Y™) respectively, which involve production activities in
third countries before the value-added in exports is finally absorbed in the partner country. In Appendix D, we
provide an alternative decomposition formula that accounts for traditional or direct and GVC trade separately.
Equation (18) shows clearly which part in gross bilateral trade flow can be decomposed by applying the standard
Leontief decomposition directly (final goods trade), which part cannot (intermediate goods trade), while the
alternative equation we provide in Appendix D shows clearly which part of domestic value-added of the exporting

13



The 3" category is DVA in intermediate exports used by the direct importer (r) to produce
exports ultimately consumed by other countries except s. We name them as DVA [INTrex for
G
short. It includes three detailed terms: (V'L”) #(4” ZB”Y ") is DVA in intermediate exports
t#£8,r
that are used by Country r to produce intermediates that it re-exports to third Country t for
G
production of local final goods; (V°L”) #(A4”B"” ZY "), is DVA in intermediate exports used
1£S,1r
by Country r to produce final goods that it re-exports to third Country ft;
G G
VL) #(A”ZB” ZY ™) is DVA in intermediate exports used by Country r to produce
t#£s,r u#Ss,t
intermediates that it re-exports to third Country t for production of final goods exports that are
shipped to other countries (including the direct importer, Country r) except Country s.

The first three categories are all DVA embodied in Country s’s gross exports to Country r
and ultimately absorbed abroad, which are value-added exports (labeled as VAX by Johnson and
Noguera (2012)) associated with gross export flows based on backward industrial linkages. We
name them collectively as VAX G for short.

The 4™ category is DVA in intermediate exports that are returned to Country s and consumed

at home. We name them as RDV_G for short. It also includes three detailed terms:

(V*L*) #(A”B"Y"™) is DVA that returns home via its final imports from the direct importer (r);

G
VL") #(A” ZB”Y “) is DVA that returns home via final imports from third countries; and

t#£S,1r
(VL) #(A”B"”Y") is DVA that returns home via its intermediate imports and used to produce
domestic final products. Summing across all sectors and trading partners, the first two terms

equal the 4™ term, and the last term equals the 5" term in equation (36) of KWW.!°

The first four categories are DVA embodied in Country s’s sector level gross exports to

country is absorbed by its partner country directly and indirectly, and which part of domestic value-added of the
exporting country is absorbed in third countries. Both decompositions are useful depending on one’s particular
analytical needs.

10 Equation (36) of KWW:

T N TN S SRR YU NSRS P
r#S rES r#ES t#£s,r r#S r#S r#S

G G G G G G
+ZVszszYv +ZVIBmZAser‘Yrr +ZV)‘B)‘SZAS/‘LI‘I‘E/‘*
t#£s res s r#s t#s r#s
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Country r, which include value added created from all sectors in Country s. We name their sum
as DVA_G for short. At the country aggregate, it reduces to equation (37) of KWW.!! As we will
show by selected decomposition examples based on WIOD in the next section, these DVA terms
represent different types of cross country production sharing arrangements and can be used to
gauge the role and position of a country in various global value chains.

G
The 5™ category has two terms. The first term, (V°L*) #(A4"B™* Y Y*), is DVA embodied in

i=s
its intermediate exports to Country r but return home as its intermediate imports, and used for
production of its final exports, which are parts of DVA in Country s’s final exports and are
already counted once in the first category of equation (18). For this reason, they are a portion of
domestic double counted terms caused by the back and forth intermediate goods trade in order to

G
produce exports of final products in Country s. The second term, (V*L* z AYB®) #(A4” X", is

1=
DVA in intermediate exports to Country r that returns home as intermediate imports and used for
production of its intermediate exports. It is also a domestic double counted portion caused by the
back and forth intermediate trade to produce intermediate exports in Country s (repeat counting
of Country s’s intermediate goods exports).'> We name them as DDC for short. Summing these

two terms across all sectors and country pairs equals the 6™ term in equation (36) of KWW.

The 6" category includes two terms: the first term (V' B”) #Y”, is foreign value added

G
(FVA) from the importer (r) embodied in final exports; the second term, ( Z V'B*) #Y* ,is FVA

tes
from other Countries (t) embodied in final exports. We label them as FVA FIN for short.
Summing them across all sectors and country pairs equals the 7™ term in equation (36) of KWW.

Adding up the 1% (DVA from source Country s), and the 6 (FVA from Country r and
Country t) categories accounts for 100% of the value of the sector level final exports from

Country s to Country r.

The 7™ category also includes two terms: the first term (V'B”) #(A"L"Y"), is FVA from

" Equation (37) of KWW:
G G G G G G
DV =V ([ = A"V B = VT 4V S BYY™ VS BYA™ (I = AV 7 VT =V BN Y + 7S By +17° S B Sy
( ) ( )

rEs rEs r#s r#s t#s,r

12 5 ss s yss\T N r s yss S st pts sr r
(VB VL") #(A" X )= (VL") A" B (A" X")"

t#s
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the importer (r) embodied in intermediate exports, which are then used by r to produce its
G
domestic final goods. The second term,(ZVtB”)T #(AL'Y"™), is FVA from third Country t
t#S8,1

embodied in intermediate exports, which are then used by Country r to produce its local final
goods. We name them as FVA INT for short. Summing them across all sectors and country pairs
equals the 8™ term in equation (36) of KWW.!3

Summing the 6 and 7™ categories yield the total foreign value added embodied in Country
s’s sector level gross exports to Country r. We name them as FVA for short.

The last category is double counted terms in Country s’s gross exports originating from

foreign countries. Similar to categories 6 and 7, it also includes two terms: the first term,
(V'B”) #(A"L"E"), is FVA from the importer (r) embodied in intermediate exports to produce

its exports, which is a pure double counted term of r’s value added in s’s exports. The second

term, (ZG:V’B’S)T#(AS"L”E ™Y, is FVA from third Country t embodied in intermediate exports to
o

produce its exports to the world. We label them as FDC for short.

The 5™ and last categories are both pure double counted terms in Country s’s gross exports
but originating from home country and foreign countries respectively. We name their sum as
PDC for short.

The sum of the last four categories can be seen as an extension of the vertical specialization
(VS) measure proposed by Hummels, Ishii, and Yi (2001) in a multi-country setting with more
than one country engaging in intermediate goods trade.'* As we will show by examples in the
next section, these different components within the total VS also represent different types of
cross-country production sharing arrangements and are useful to study the upstream value-added

structures of a country’s gross exports in various global value chains.

13" The 6" and 7™ categories can be grouped differently in decomposing bilateral gross trade flows. Summing up the
first terms of these two categories yields total value added from the direct importer (Country r) used in the
production of gross exports of Country s. We can label them as MVA for short. Summing up the second terms of
these two categories yields total value added from other countries (t) used in the production of gross exports of
Country s. We can label them as OVA for short.

4 KWW (2014) split the PDC terms into domestic and foreign content based on the origins of the double counted
terms, and allocate a portion of the PDC to the VS measure. In this paper, we allocate the entire PDC term (DDC
and FDC) to the VS measure so as to keep the notion of “domestic value added embedded in gross exports” as a “net”
concept, and is then consistent with the one country model that the original Hummels, Ishii, and Yi (2001) measure
is based on. It avoids additional layer in the decomposition and intuitively appealing. Note that the VS measure is
not a “net” concept and always contains double counted terms no matter how the PDC term is allocated. Both ways
to allocate the DDC term seems reasonable, which one to use is subject to what the issue to be investigated.
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The 16 detailed terms in the 8 categories discussed above completely decompose bilateral
gross exports from Country s to Country r into different value added and double counted
components, and their sum equals 100% of bilateral trade flows at the sector level. The
disaggregated accounting framework made by equation (18) is also diagrammed in Figure 1.

Figure 1 Gross trade accounting: Conceptual framework

(©)
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Gross exports (Goods
and services)

D e

(D+H2H+G) ) (6)+(7) (5)+8)
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(RDV_G)
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e} 2 3) &) (0) Q) ®
Final goods Intermediate Intermediates Pure double Foreign Foreign value Pure double
and services exports sent to first counting value added | [added contained counting
absorbed by importer and from contained in | [in intermediates|| from foreign
exports direct then re-exported domestic final exports exports sources
importer to third country sources
(DVA_FIN) || (DVA_INT) || (DVA_INTrex) (DDC) (FVA_FIN) (FVA_INT) (FDC)

S —

Domestic Value-added (DVA_G)

e

Vertical Specialization (VS)

Note: E* can be at country-sector, country aggregate, bilateral-sector, or bilateral aggregate levels; both
VAX G and RDV_G are based on backward industrial linkages.

Summing up equation (18) across the G-1 trading partners and N sectors, we obtain a
decomposition equation for total gross exports of Country s, which can be verified to be identical
to equation (36) in KWW (2014). Detailed proof is given in Appendix E. This formally shows
that our formula generalizes the one in KWW from country aggregate to country-sector and
bilateral-sector level.

Summing up equation (18) to all s and r, the direct importer’s value added in exports (sum of

the first term in categories (6) and (7), we label it as MVA for short) equals to RDV_G, and the
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third countries’ value added in exports (sum of the second term in categories (6) and (7), we label
it as OVA for short) equals to DVA INTrex in world total exports. This indicates that FVA
exactly double counts RDV_G and DVA INTrex in measuring value-added in global exports.
The intuition of such equivalence is simple: when RDV_G and DVA_INTrex cross borders from
the source country to the direct importer for the first time, they are both counted as part of the
source country’s domestic value added in its gross exports. When they cross national borders for
the second time either from the direct importer back to the source country or are re-exported to a
third country, they are counted another time as MVA or OVA in gross exports of the direct
importing country. Therefore, FVA is value-added that crosses national borders at least twice.
DDC and FDC only occur when there are back and forth intermediate trade flows among
countries. Their values are measured by the back and forth movement of intermediate trade flows
that cross national borders at least 3 times but through different routes: (1) as intermediate
exports from the home country, (2) returned from the direct importer or re-exported by these
direct importing countries to third countries as intermediate exports, and (3) exported by a third
country again to other countries including the home country as intermediate or final products.
Those intermediate trade transactions are not part of any country’s GDP or final demand (beyond
what has already been counted in categories 1-4, 6, and 7 in equation (18)), similar to domestic
inter-industry transactions that use one type of intermediate input to produce another type of
intermediate inputs. Because all cross-country trade transactions are recorded by each country’s
customs authority, they show up in official trade statistics. In comparison, domestic intermediate
input transactions are deducted from total gross output when official GDP by industry statistics is
accounted for. Therefore, PDC is not a value added concept, and has different economic and
mathematical properties compared to RDV_G and FVA, although the three of them all represent
double counted terms in a country’s gross exports. This intuition also helps readers to understand
why both DDC and FDC should be considered as part of the vertical specialization (VS) measure.
In Appendix C, we present a detailed concordance, in a three-country setting, between each of

the domestic value added measures and these double counted terms.

2.3 Relationships among various trade in value-added measures

With the bilateral-sector gross exports decomposition equation (18) in hand, we are ready to

formally define two related “trade in value added” measures and the two notions of “domestic
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value added embedded in gross exports” at the bilateral-sector level. We also reflect on how the
value added trade to gross trade ratio and a summary statistic of double counting can be defined
properly at the country-sector and bilateral-sector level.'?

a) We have defined domestic value added in bilateral exports from Country s to Country r
that is ultimately absorbed by other countries as the sum of the first three categories in equation

(18) in our earlier discussion:

VAX_ Gsr — (VSBSS)T #Ysr + (VSL.S‘S)T #(AsrBrrYrr)

G G
+(V5LSS)T #(Axr Z Brtht) + (VSLSS)T #(AsrBrr Z Yrt) (19)
6 G )
+(VSLSS)T #(Aw Z Brt z Ytu)
t£s,r u#s,t

It measures the amount of all domestic value added exported via a particular sector (e.g., US
electronics), including value added originating from any domestic sector (e.g., including US
plastics, chemicals, and automobiles) via backward industrial linkages, and is ultimately
absorbed abroad (in direct importing country or third countries). There are three key features to
take into account. The first is that the measure focuses on the identity of the last sector through
which domestic value added from all domestic sectors is exported. The second is the phrase
“ultimately absorbed abroad”, that is, the measure excludes the part of domestic value added that
eventually returns home. The third is it is always a part of gross export flows in a particular
trading route thus its value is always bounded by the value of the corresponding gross trade

flows.

b) We have also defined domestic value added embodied in gross exports from Country s to
Country r based on backward industrial linkages as the sum of the first four categories in
equation (18) as follows and label the last term in equation (20) as RDV G, which measures

returned domestic value added based on backward industrial linkages from Country s to Country

r that is first exported but ultimately returned and absorbed at home:

DVA_G” =VAX G” +RDV _G” (20)

c¢) From equation (30) of KWW, we can define domestic value added exports of a particular

15 In KWW, only the forward linkage based value added trade measure is defined in equation (30), which is similar
to Equation (21) of this paper. Equations (19), (20), and (23) are all new and necessary to trace value added exports
and domestic value added embedded in gross exports beyond the country aggregate level.
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sector from Country s to Country r based on forward industrial linkages as:

VAX _F" =V B"Y" +V'B"Y" +V* iB“Y” (21)
P
Where V* isa N by N diagonal matrix with direct value added coefficients of Country s,V”,
along the diagonal. It measures the amount of domestic value added originating from a specific
sector (e.g., from the US electronics sector), via all sectors’ gross exports from the source
country (i.e., including gross exports from the US automobile and machinery sectors in addition
to the US electronics sector), and ultimately absorbed in a particular destination country. It has
been the most widely used trade in value-added measure in the literature since it has been
proposed by Johnson and Noguera (2012). There are also three key features here. Using the
example of value added exports from the US electronics sector, the first key is that some of the
value added from that sector can be exported indirectly via other US sectors such as automobiles,
because some of the US electronics products are used as intermediate inputs in the production of
automobile exports. So this measure includes indirectly exported value added from the
electronics sector via forward industrial linkages. The second key is the phrase “ultimately
absorbed in a particular destination country.” The part of value added that eventually returns and
is consumed at home is also not part of the value added exports. Finally, it always deviates from
gross trade flows because it includes indirect value-added contributed to other sectors’ gross

exports and indirect trade via third countries.
It is interesting to note that equations (19) and (21) clearly show that VAX F* requires
that DVA from Country s has to be absorbed by a particular destination country r, while

VAX G” includes domestic value added absorbed not only by direct importing Country r, but

also by third countries t or u. It demonstrates analytically why we claim that VAX G is the
trade in value added measure which is fully consistent and bounded by gross bilateral trade flows
and VAX F”is not due to indirect trade through third countries. At the country aggregate,

these two measures are the same, but at the sector, bilateral or bilateral-sector level, they are
different except by coincidence.

d) Similar to VAX F, we define RDV_F as the amount of DVA from a specific sector
embodied in the source country’s intermediate gross exports to Country r, but eventually return

to, via all possible routines through third countries and other sectoral linkages, and is absorbed in
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source Country s.

G G
RDV—FS?‘ — VSLSSASr‘zBVtYm' — VSLSS ASVBW‘YVS + ASrBrSY_Ss +ASV zBrtYm' (22)
t

t#£S,r

e) Similar to OVA G*", we define DVA  F* as the measure of DVA from a particular
sector of the source Country s that is embodied in Country s’s gross exports via forward
industrial linkages.

DVA_F* =VAX _F* +RDV _F* (23)'

Summing up equation (23) across all trading partners, we obtain:

ZG:DVA_F” = ZG:(VAX_FS" +RDV _F*)= VLiE =V["E" (24)

T#S T#S r#Ss

It measures how much a sector’s domestic value added can be generated from the production
of gross exports in Country s, regardless of whether this value added is finally absorbed by the

home country or other countries. We can show that, at the bilateral-sector level,

VI®E" #VAX F* +RDV _F* dueto V'L”E* only trace where the domestic value-added

is produced, while DVA _F* also requires these value-added have to be absorbed by a particular

partner country r. This implies that the first part of equation (37) in KWW (2014) can only be

extended to the country-sector level but not to the bilateral-sector level due to country s’s

domestic value added embodied in V°L*E* could be absorbed by a third country t. Detailed
proof of equations (24) is given in Appendix G.
Our main analytical results can be summarized by the following statements:!”

e In a world of three or more countries, VAX G and VAX F, are, in general, not equal to each
other at the disaggregate level, though they are the same at the country aggregate level.
DVA G and DVA F are also only the same at country aggregate level. These relationships
can be summarized by Table 1 below: At any disaggregate level, VAX G is always less than
or equal to gross exports, thus the ratio of VAX G to gross exports has an upper bound of

one. Therefore, 1-VAX G ratio is conceptually meaningful when gross exports are positive

16 To help readers understand the derivation of the two types of value added trade and two types of GDP in gross
exports measures defined in equations (19) to (23), we use the three-country, two sector ICIO model as an example
in Appendix F to show the relationship among these forward/backward linkage based measures.

17" Due to space limitation, we leave the derivation of equations (19) to (23), mathematical proofs of Propositions
A—C that correspond to the four statements, and a more detailed discussion on the relationship among these
measures to Appendix F.
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and can be used as summary statistic for the extent of double counting in trade statistics at
any level of disaggregation. Such a measure is always bounded by zero and 1. (The
conventional VAX F ratio is identical to this measure at the country aggregate level, but only
at this level.)

e At the country-sector level, VAX F <DVA F (=VAX F+RDV_F) <sector-level value added
production. Therefore, the ratios of VAX F and DVA F to GDP by industry both have an
upper bound of one. These ratios can be used as summary statistics for cross-country
production sharing.

e Because both RDV_F and RDV_G are non-negative, therefore, both DVA_F and DVA_G are
always greater than or equal to the two trade in value-added measures (VAX_F and VAX G)
by definition.

Table 1 Relationship among different trade in value added related measures

VAX G RDV.G DVA G DVAF DVA_G
Aggregation level & & & ) & &

VAX_F RDV_F DVAF P [sg™ (VL) #E”

e’ Bilateral-Sector ~ # * * * *

N o Bilateral

2.€ A * = * * *

i=1 ggregate

G

>e”  Country-Sector  # = + = +

~
LY
©

G N
yyer iountry _ _ _ _ _
r#si=1 ggl’egate

The intuition behind these statements is simple: since direct value added exports at the sector
level are the same for the two “trade in value added” measures, only indirect value added trade
may differ. The indirect value added exports in the forward-linkage-based measure are the
sector’s value added embodied in other (downstream) sectors’ gross exports, which has no
relation to the gross exports from that sector. Therefore, the ratio of value added exports to gross
exports at the sector level cannot be properly defined based on forward industrial linkage. It is in
fact common in the data for some sectors to have very little or no gross exports (e.g., service
sectors), but their output is used by other domestic industries as intermediate inputs, and thus
they can have a large amount of indirect value added exports through other sectors. In such

cases, the forward linkage based VAX ratio can become large and even infinite. Similarly, at the
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bilateral level, due to indirect value added trade via third countries, two countries can have a
large volume of value added trade with little or no gross trade. Therefore, the ratio of value
added exports to gross exports as defined in the literature is not upper bounded by one. However,
because such indirect value added exports are part of the total value added created by the same
sector, the forward-linkage-based value added exports and domestic value added embedded in

the gross exports to GDP ratio can be properly defined at the sector level.

3. Applications: Decomposition Results for 40 Economies during 1995-2011

We apply our disaggregated accounting framework to the World Input-Output Database
(WIOD). The WIOD, developed by a consortium of eleven European research institutions
funded by the European Commission, provides a time series of inter-country input-output (ICIO)
tables from 1995 to 2011, covering 40 economies including all major industrialized countries and
major emerging trading nations. Timmer et al. (2012) provide a detailed description of this
database.

Our disaggregated accounting framework produces a series of panel data sets, consisting of
many GN (1435) by G (41) and GN by GN matrices each year, collectively taking up more than
20 gigabytes of storage space when the decomposition is computed at the most detailed level. To
illustrate how the estimation outcomes can help us to better understand cross country production
sharing patterns in a manageable manner, we provide a series of examples, which are selected

and processed from subsets of the detailed results.

3.1 Decomposing bilateral-sector level gross trade

As stated, Equation (18) is a key result of the paper. To illustrate what it can achieve, we use
the US-China bilateral trade in electrical and optical equipment as an example. Among all
bilateral-sector level trade flows in recent years, this is the single biggest product group
measured by the volume of gross trade, with the sum of two-way flows reaching $212 billion in
2011. By gross statistics, presented in column 1 of Table 2, the trade is highly imbalanced, with
Chinese exports to the US ($176.9 billion in 2011) being five times that of US exports to China
($35.1 billion in 2011). If we separate exports of final goods versus that of intermediate goods
(reported in columns 2a and 2b of Table 2), we see that most of the Chinese exports consist of

final goods, whereas most of the US exports consist of intermediate goods.
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We provide a decomposition of the bilateral trade flows for selected years (1995, 2005, and
2011) in columns (3)—(7) of Table 2. More precisely, Column (1) = (3)+(4)+(5)+(6)+(7), where
column (3), VAX G, represents the exporter’s domestic value added that is ultimately absorbed
by other countries, including by both the direct importing country and other foreign countries;
column (4), RDV_G, is the part of domestic value added initially exported but ultimately
returned home and is absorbed at home; column (5), MVA, is the part of the FVA that comes
from the direct importing country; column (6), OVA, is the part of the FVA that comes from third
countries; and finally, column (7) is the pure double counted items.

Column (3) = (3a) + (3b) + (3¢), that is, the VAX G part is further decomposed into DVA in
final goods, DVA in intermediate goods directly and indirectly absorbed by trading partners, and
DVA in intermediate goods re-exported from the direct importing country and ultimately
absorbed in third countries.

The decomposition results show that US and Chinese exports have very different value
added structures. First, the VAX G as a share of gross exports is much higher for US exports (81%
in 2011) than for Chinese exports (about 70% in 2011).!* Second, correspondingly, the FVA
share (MVA+OVA) is higher for Chinese exports than for US exports. This is especially true for
the OVA share in China. In other words, US exports rely overwhelmingly on their own value
added (only 2.1% from China and 5.8% from other countries in 2011), whereas Chinese exports
use more foreign value added, especially value added from third countries (with 3.2% from the
United States and 23.1% from Japan, Korea, and all other countries). Third, whereas the RDV_G
share is trivial for China, it is non-negligible for the United States (7.0% in 2011). This again
reflects the different positions the two countries occupy in the global production chain. As the
United States produces and exports parts and components, it is on the upstream of the chain; part
of its value added in its exports returns home as embedded in imports from other countries. In
comparison, China is on the downstream of the chain; very little of its value added comes back
home as intermediate goods in other countries’ exports. This is also evidenced by China having a
much higher proportion of FVA used in producing its final goods exports to the US, while the US
has a higher share of FVA in producing its intermediate goods exports to China.

The decomposition of VAX G into (3a), (3b), and (3c¢) also reveals differences between the

18 Because WIOD does not distinguish processing and normal trade, the domestic value added share for China is
likely to be overestimated. For a method to correct this, see Koopman, Wang, and Wei (2012).
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two exporters. In particular, the VAX G in Chinese exports to the United States is dominated by
DVA in final goods, whereas the VAX G in US exports is dominated by DVA in intermediate
goods that is absorbed by China and other countries.

As a consequence of these differences in the structure of value added composition,
China-US trade balance in this sector looks much smaller when computed in terms of domestic
value added than in terms of gross trade. In column (8), we report forward-linkage based value
added exports, or VAX F. Because this measure captures value added originating in that sector in
all downstream sectors of exports from the exporting country but excludes contributions of value
added from other (upstream) domestic sectors to the electrical and optical equipment sector, it is
generally not the same as VAX G at the bilateral-sector level, and in our application, VAX F is
smaller than VAX G (this is generally true for downstream sectors).

We report the US-China bilateral balance of trade in electrical and optical equipment sector
by gross and various value-added components in the bottom section of table 2.

It is important to bear in mind that at the bilateral-sector level, VAX G is always a part of
gross trade flows, while VAX F always deviates from gross trade flows due to indirect exports
via other sectors and third counties. While VAX G is a measure of “trade in value added” that is
bounded by the bilateral gross trade flows, it is not a proper measure of bilateral value added
trade flows, because it also includes a portion of value added that is absorbed by third countries,
unlike VAX _F, which is absorbed by a particular partner country only.

The results reported in the bottom section of table 2 not only reveal the misleading nature of
balance of trade computed from gross trade statistics but also the sources of the error. For
instance, based on the value added method, in 2011, US-China bilateral balance of electric and
optical equipment is only about two thirds of what is indicated by the gross trade data. Domestic
value-added absorbed by other countries only took 66.9% (column 3) of the total gross
imbalance; the rest of it came from third country transfer and double counting: 27.4% due to
Chinese exports to the US using more value-added from third countries than that in US exports
to China (column 6); 3.4% due to Chinese exports to the US including more US value added than
Chinese value-added embodied in US exports to China (column 5); and another 3.1% due to
more pure double counting in China’s exports to the US than that in US exports to China
(column 7), indicating Chinese value-added has more border crossing than US value-added

before they reach their final consumers.
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Table 2: US-China Trade in Electrical and Optical Equipment (WIOD C14)

Unit: millions USD

TEXP  TEXPF TEXPI  VAX G DVA_FIN  DVA_INT DVA_Intrex RDV_.G  MVA OVA PDC VAX_F
Year 0 (2a) (2b) €)] (3a) (3b) Bo “@ ® (6) ™ ®)
=2a +2b =3a+3b+3c
China exports to the United States
1995 Value 10,998 7,634 3,364 8,544 5,947 2,046 552 16 314 1,948 176 3,922
Share 100 69.4 30.6 71.7 54.1 18.6 5.0 0.1 2.9 17.7 1.6 35.7
2005 Value 87,608 53492 34,116 53,784 33,399 16,329 4,056 341 3,665 26,332 3,485 25,682
Share 100 61.1 38.9 61.4 38.1 18.6 4.6 0.4 4.2 30.1 4.0 29.3
2011 Value 176,924 104,156 72,769 123,187 74,043 39,801 9,344 1,296 5,581 40,915 5,946 53,078
Share 100 58.9 41.1 69.6 41.8 225 53 0.7 3.2 23.1 3.4 30.0
US exports to China
1995 Value 3,400 1,284 2,116 2,691 1,097 1,215 379 182 13 383 130 1,746
Share 100 37.8 62.2 79.2 32.3 35.7 11.2 5.4 0.4 11.3 3.8 51.4
2005 Value 16,402 3,845 12,556 11,926 3,264 5,072 3,591 1,777 231 1,251 1,216 8,748
Share 100 234 76.6 72.7 19.9 30.9 21.9 10.8 1.4 7.6 7.4 533
2011 Value 35,059 10,584 24,475 28,314 9,377 12,195 6,742 2,470 718 2,044 1,513 23,754
Share 100 30.2 69.8 80.8 26.7 34.8 19.2 7.0 2.1 5.8 4.3 67.8
US-China trade balance
1995 Value -7,598 -6,350  -1,248 -5,853 -4,850 -831 -173 166 -301 -1,565 -46 2,716
Share 100 83.6 16.4 77.0 63.8 10.9 2.3 2.2 4.0 20.6 0.6 35.7
2005 Value  -71206  -49,647 21,560 -41,858 -30,135 -11,257 -465 1,436 -3,434 -25,081 -2,269 -16,934
Share 100 69.7 30.3 58.8 423 15.8 0.7 2.0 4.8 352 3.2 23.8
2011 Value  -141,865  -93,572  -48,294 94,873 -64,666 -27,606 -2,602 1,174 -4,863 -38,871 -4,433 29,342
Share 100 66.0 34.0 66.9 45.6 19.5 1.8 0.8 3.4 274 3.1 20.7

Note: TEXP is the value of total export goods, TEXPF and TEXPI are the values of total final export goods and total intermediate export goods, respectively, in million USS.
(3a) and (3b) equal Term 1 and Term 2, (3¢) equals the sum of Term 3 to Term 5, (4) equals the sum of Term 6 to Term 8, (5) equals Term 11 + Term 13, (6) equals Term 12 +
Term 14 and (7) equals the sum of Term 9, Term 10, Term 15, and Term 16 in equation (18) of this paper. Therefore (1)=(3)+(4)+(5)+(6)+(7); MVA is the sum of MVA_ FIN

and MVA_INT, OVA is the sum of OVA_FIN and OVA_INT.
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3.2 Identifying a country’s role in global value chains by the structure of domestic value
added embodied in its exports

As shown by equation (18) and Figure 1, different components within a country’s
domestic value added in its sector’s gross exports represent different types of cross-country
production sharing arrangements. In other words, different structures of these components

contain useful information about the nature of cross country production sharing. For
example, two countries may have very similar shares of domestic value added in their gross
exports but very different value added structures due to their different roles in global value
chains. We had given a hypothetical example to make such a point in the introduction; we now
report a real world example based on data from the WIOD.

When comparing textile exports by the United States and India, if we only pay attention
to the shares of domestic value added in the sector’s gross exports (DVA) for the two countries,
reported in Columns (3) and (9) of Table 3, respectively, they look very similar during 1995—
2011. In fact, the shares were almost identical in 2005. Do US and Indian textile sectors truly
participate in the global textile production chains in the same way? To gain insight, it is useful
to make use of our more detailed decomposition formula, with the results reported in Columns
(4)—(7) for the United States and Columns (10)—(13) for India, respectively. Once we lift this
veil, we see remarkable differences. For textile exports, the DVA_ FIN share is about 80% for
India (Column 10), but only 50% for the United States (Column 4). On the other hand, the
DVA_INT share is about 10% for India’s textile exports (Column 11) but close to 30% for that
of the United States (Column 5). Furthermore, US textile gross exports embed about 10% or
more domestic value added that will eventually return home after being used as intermediate
inputs in other countries’ exports (Column 7). In contrast, Indian textile gross exports contain
virtually no domestic value added that eventually returns home (Column 13). These differences
suggest that the textile sector in these two countries occupy different positions in global textile
production chains. In particular, India is likely at the bottom of the chain, while the US is at a

more upstream position.
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Table 3: Structure of domestic value added in gross exports of the textile industry (WIOD
sector 04), USA and India, 1995-2011

USA India
% of DVA_G % of DVA_G
% of
% of
Year Gross DVA_G
DVA_  DVA_ DVA RDV_ Gross DVA_.G DVA_ DVA_ DVA RDV_
Exports in

FIN INT _INTrex G Exports in FIN INT _INTrex G

Exports

Exports

() (6)) 3 (O] ® (©) () ® © (10) Q1)) 12) 13)
1995 13,070 89.3 58.6 243 8.3 8.9 8,933 91.7 73.6 17.8 8.6 0.1
2000 17,125 87.5 55.8 21.6 6.5 16.2 14,806 89.4 74.1 13.6 12.2 0.1
2005 17,060 84.4 473 26.3 10.6 15.9 19,506 83.9 82.7 9.3 79 0.1
2007 15,663 85.0 47.6 27.8 11.7 12.9 22,747 82.4 84.6 8.5 6.8 0.1
2009 13,694 86.2 51.9 25.7 123 10.1 19,156 84.4 86.4 7.7 5.8 0.1
2010 14,479 81.5 51.0 26.5 12.8 9.8 23,364 83.3 78.8 13.0 8.1 0.2
2011 16,185 80.6 51.8 26.0 12.8 9.3 25,879 84.1 81.1 11.8 7.0 0.1

3.3 Tracing structures of Vertical Specialization across countries and over time

Vertical specialization or VS, is a summary statistic to measure international production
sharing widely used in the literature (e.g., Hummels, Ishii, and Yi (2001), and Antras (2013)).
However, as shown by our equation (18) and Figure 1, there are different components within
VS, and each has a different economic meaning and represents different types of cross-country
production sharing arrangement. For example, a large share of foreign value added in a
country’s final goods exports (FVA_FIN) may indicate that the country mainly engages in final
assembling activities based on imported components and just participates in cross-country
production sharing on the low end of a global value chain, while an increasing foreign value
added share in a country’s intermediate exports (FVA_INT) may imply the country is upgrading
its industry to start producing intermediate goods for other countries, especially when more and
more of these goods are exported to third countries for final goods production. The latter is a
sign that the country is no longer at the bottom of the GVCs.

Pure double counting terms in a country’s exports (PDC) can only occur when there is

back and forth trade of intermediate products. An increasing weight of PDC share in VS
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indicates the deepening of cross-country production sharing. Intermediate goods have to cross
national borders multiple times before they are used in final goods production. Therefore,
knowing the relative importance of these components and their changing trend over time in a
country’s total VS can help us to gauge the depth and pattern of cross-country production
sharing and discover the major drivers of the general increase of VS in a country’s gross
exports during the last two decades.

As shown in Table 4, across all countries and all sectors, the total VS sourced from
manufacturing and services sectors used in world manufacturing goods production has increased
by 8.6 percentage points (from 22.9% in 1995 to 31.5% in 2011, column 3). Interestingly, the VS
structure information reported in the last three columns indicates that this net increase is mainly
driven by an increase of PDC. This suggests that the international production chain is getting
longer; over time, a rising portion of trade reflects intermediate goods made and exported by one
country, used in the production of the next-stage intermediate goods and exported by another
country to be used by the next country to produce yet another intermediate good. This
progressively increasing trade of intermediate goods that cross national borders multiple times is
what gives the rising share of PDC.

Table 4: Average VS Structure of World Manufacturing Industries

Gross exports VS share in % of VS
Year (Billions USD) gross exports FVA_FIN FVA_INT PDC
1995 4020.2 22.9 44.6 34.2 21.1
2000 4916.6 27.1 44.7 31.5 23.9
2005 7850.6 30.7 41.3 31.7 27.0
2007 10472.4 32.5 39.7 31.5 28.8
2009 9093.7 29.1 424 32.7 249
2010 10878.7 31.0 40.7 32.8 26.5
2011 12458.3 31.5 39.7 33.7 26.7

Note: VS is sourced from manufacturing and services sectors only.

Because the share of foreign value added in final goods exports in total VS has declined
by about 5 percentage points during the same period (from 44.6% in 1995 to 39.7 in 2011), and
because the share of foreign value added in intermediate goods exports in total VS stayed almost
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constant, the increase of VS share in world manufacturing exports is driven mainly by an increase
in PDC share (from 21.1% in 1995 to 26.7% in 2011). If this trend continues, the PDC share may
reach the level of the FVA share and become an important feature of cross-country production
sharing. If we add the shares of FVA INT and PDC, these two components involving
intermediate goods trade have already accounted for more than 60% of the total manufacturing
VS in 2011.

Of course, there is heterogeneity in the VS structure both across countries and across
sectors, especially between industrialized and developing economies. Table 5 reports total VS
and its structure in electrical and optical equipment exports for six Asian economies: Japan;
Korea; Taiwan; China; India; and Indonesia. The three industrialized Asian economies are
reported in the right panel. Despite their difference in the level of total VS shares, their VS
structure is very similar: lower and declining in FVA_FIN, relatively stable in FVA_INT, and
rapidly expanding in PDC. Taiwan’s VS structure is an informative example (presented in the
right bottom 5 rows in Table 5). Taiwan is an important supplier of parts and components, and
crucially, as Taiwan often occupies several different positions in the global production chain
(since it produces both inputs into chip making, memory chips themselves, and components that
embed the chips), the collective shares of PDC and FVA_INT has reached about 80% of its total

VS (or 40% of its gross exports) since 2005.

Table 5: VS Structure of Electrical and Optical Equipment Exports for Selected Asian
Economies

Gross VS % of VS Gross VS % of VS

Exports  share in Exports  share in
Year FVA FVA FVA FVA

(Millions Gross PDC | (Millions Gross PDC

FIN INT FIN INT
USD) Exports - - USD) Exports -
China Japan

1995 34,032 222 56.6 273 16.1 124,265 6.9 43.0 335 236
2000 68,998 26.2 534 23.6 23.0 136,123 10.0 41.6 282 30.2
2005 296,936 38.8 50.6 23.6 25.7 143,324 12.3 34.1 30.1 357
2010 638,982 30.7 48.1 25.8 26.1 162,861 153 33.1 342 328
2011 721,417 30.2 48.1 26.5 25.5 166,935 16.4 323 36.7 31.0
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India Korea
1995 1,260 10.9 38.1 40.2 21.7 40,639 28.1 29.7 433 269
2000 1,927 17.8 41.6 322 26.2 60,434 355 39.9 306 295
2005 5,962 20.2 42.1 30.1 27.9 102,595 352 304 30.7 389
2010 23,994 19.1 539 239 223 147,823 374 244 38.7 369
2011 29,470 19.5 52.4 25.2 22.4 159,191 37.3 26.1 40.0 339
Indonesia Taiwan
1995 2,831 28.7 70.1 19.0 10.8 41,818 44.0 40.0 389 21.1
2000 7,637 30.6 53.5 233 233 77,861 453 40.5 309 285
2005 8,387 29.8 435 26.7 29.8 100,957 49.8 21.8 323 459
2010 11,666 29.1 46.4 28.0 25.6 142,943 49.8 15.6 390.6 448
2011 12,558 30.8 47.9 29.0 23.1 147,646 48.7 17.2 412 41.6

Note: VS reported here is sourced from manufacturing and services sector only.

In comparison, for other developing Asian countries such as China, India, and Indonesia
(presented in the left panel of Table 5), the share of FVA_FIN still accounts for about 50% of their
total VS until 2011. However, there are also interesting differences among the three emerging
Asian giants: the VS structure change during the 17 years for China was mainly driven by the
decline of FVA_FIN and increase of PDC, while FVA_INT stayed relatively stable. For Indonesia,
it was driven by the rapid expansion of both FVA INT and PDC, which increased by at least 10
percentage points during this period, indicating that there was rapid upgrading of Indonesia’s
electrical and optical equipment industries during this period. For India, the late-comer in the
Asian global production network of electrical and optical equipment, the share of FVA_FIN rose
(from 38.1% in 1995 to 52.4% in 2011) and the FVA_INT share continued to decline (from 40.2%
in 1995 to 25.2% in 2011), while the PDC share stayed relatively stable in the last 17 years. This
may be the result of a strategic shift from import substitution to export oriented development; it is
also consistent with a move from the upper stream portion of the production chain to a more
downstream position as China and Indonesia did decades ago. This empirical evidence indicates
that the structure of VS in addition to its total sums offer additional information about each

country’s respective position in the global value chain.

31



4. Concluding Remarks

This paper developed a disaggregated accounting framework of gross trade flows at
either the sector, bilateral, or bilateral-sector level. It provides a transparent framework to
completely decompose gross exports into its various components, including exports of
value-added, domestic value-added that returns home, foreign value-added, and double-counted
intermediate trade. These conceptually different components sum up to 100% of the gross trade
flows at any level of disaggregation. By identifying which parts of the official data are double
counted and the sources of the double counting, it bridges gross trade statistics and national
accounts in consistence with the System of National Accounts standard. More importantly, it
goes beyond simply extracting value-added trade from gross trade, and recovers additional
useful information about the structure of international production sharing at a disaggregated
level that is masked by gross trade data.

In principle, when new countries or years are added to the WIOD database, or an
alternative inter-country input-output table becomes available, our accounting framework can
be applied as well. So the accounting framework developed in this paper is not inherently tied
to the WIOD database and can be a stand-alone tool to help us extract useful information from
official trade statistics. It is our hope that this gross trade accounting method and the datasets
generated by applying the method could provide a useful tool and additional data source for
other researchers in the international trade community to study a variety of issues that relate to

cross-country production sharing and global value chains.
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Table A1 Definition of different measures of value-added in trade

Label

VAX_F

VAX_G

RDV_F

RDV_G

DVA_F

DVA_G

Definition in words

Value-added exports,

forward-linkage-based

Value-added exports
associated with gross
bilateral trade flows
backward-linkage-based
DVA returned home,
forward-linkage-based
DVA returned home,
backward-linkage-based
DVA embodied in a
country’s gross exports,
forward-linkage-based
DVA embodied in a
country’s gross exports,

backward-linkage-based

Key characters

1. DVA generated in producing goods and services that
satisfy foreign final demand

2. Including indirect value-added exports

3. Excluding DVA associated with intermediate
exports that are returned and absorbed at home

4. Trade in value-added concepts, produced in one
country, consumed by others.

DVA generated by producing intermediate inputs
exported to other countries, which eventually returns

home via imports to satisfy domestic final demand

1. Production side concept, consistent with GDP by
industry statistics

2. Focuses only on where the DVA is produced

3. Includes the part of DVA that is generated by
producing intermediate inputs for other countries but

eventually re-imported and consumed at home.
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19
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Table A2 Decomposition of gross exports from country s to country r

Category Label Terms Math Description
1 DVA_FIN 1 V*B*) #Y" DVA embodied in final exports
T o DVA in intermediate exports used by direct importer (r) to produce
2 DVA_INT 2 VL") #(A"B"Y™)
local final products
S DVA in intermediate exports used to produce intermediates that are
3 (VSLSS)T#(Asr ZB”Y“)
P re-exported to third countries for production of local final products
¢ DVA in intermediate exports used by r to produce final products
s yss\T SF I 7
3 DVA_INTrex 4 (V°L*) #(A"B” Y. Y")
(s that are re-exported to third countries
o o DVA in intermediate exports used by r to produce intermediates that
5 (VSLSS)T #(Asr z B" Z Y m) are re-exported to t for the latter’s production of final exports that
#8,r u#s,t
are shipped to other countries except Country s
6 VL) #(A4"B"Y"™) DVA that returns home via its final imports from r
, G
4 RDV G 7 (VSLSS) # (A” ZB "y m) DVA that returns home via final imports from third countries
- 1#s,r
’ DVA that returns home via its intermediate imports and used to
8 (VSLS.Y) #(AS"BVSYSS)
produce domestic final products
G DVA embodied in its intermediate exports to Country r but returns
9 (VSL”)T#(A”B " z ™) home as its intermediate imports, and used for production of its
o final exports
5 DDC
. DVA in intermediate exports to Country r that returns home as
10 L Z A"B"® )T #(A" X") | intermediate imports and used for production of its intermediate
1#5
. exports
11 (V' B™) #Y™ FVA from the importer (r) embodied in final exports
6 FVA_FIN G T L s
12 (z V'B®) #Y FVA from other Countries (t) embodied in final exports
t#s,r
o o FVA from the importer (r) embodied in intermediate exports, which
]3 (VVBKS) #(AAI‘LI}Y'T)
are then used by r to produce its domestic final goods
7 FVA_INT -
) . FVA from third Country t embodied in intermediate exports, which
14 (thBt,\)T#(AArL)rY”)
(s are then used by Country r to produce its local final goods
7 o FVA from the importer (r) embodied in intermediate exports to
15 (VVBFA) #(AAILFIEV )
produce its exports
8 FDC -
s FVA from third Country t embodied in intermediate exports to
16 (ZVtBtS)T#(AAanEr)

t#£s,r

produce its exports to the world

Note: VAX G =DVA _FIN+ DVA INT+ DVA INTrex, FVA=FVA FIN+ FVA INT,

PDC =DDC+ FDC, DVA_G=VAX G +RDV_G, VS =FVA+PDC; MVA = Term 11+Term 13,
OVA = Term 12+Term 14, Total Value of Final exports = DVA_FIN+ FVA_FIN,

Total Value of intermediate exports = DVA_INT+ DVA INTrex+ RDV_G+ DDC+ FVA_INT +FDC.
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Online Appendixes (not for publication)
Quantifying International Production Sharing at the Bilateral and Sector Levels

Zhi Wang, Shang-Jin Wei, and Kunfu Zhu
Appendix A: Decompose intermediate and gross trade: 2-country 2-sector and 3-country
2-sector Cases
In the 2-country 2-sector ICIO model mentioned in section 2.1, the gross exports of
Country s can be decomposed into two parts: final goods exports and intermediate goods

exports based on following accounting identity:

oo e ][], Jar ax]w D
er | L] las anlx

Based on equation (3) in main text, the gross output of Country r can be decomposed into

the following four components according to where they are finally absorbed:
Y H _ {b{‘f b }{yl” +yf*Hb;‘:‘ b{;}{yr +y."}
X0 by byn vy x| [y byp vy +yy (A2)
:{bf{' b;‘;}{y;"Hb;‘f b{'z’}{yf}{b{'f bl }{y?}{b{f bi }{y}
by by vy | by by yy | [ba bn vy ] [y by ¥y
Insert equation (A2) into the last term of equation (Al), we can decompose Country s’

gross intermediate goods exports according to where they are absorbed as:

e :[aff afﬁ}{xl’}{ai’ afz’}{b(( b(é}{y{"}{aff aiﬂ[b{( b{ﬂ{y{f}

@ )% L@ an ]y by |37 ] e an ] by by [17] 0 (A3)
{afr afz’}{b{'f b{ﬂ{yw{afi‘ afﬁ}{b{f bf‘i}{yi’}
ay @y | by by vy | Lay axn by by |yy

The first term in the last right side of equation (A3) is the part of Country s’ intermediate
goods exports used by Country r to produce domestic final goods and consumed in Country r;
the second term is the part of country s’ intermediate goods exports used by Country r to
produce final goods exports that are shipped back to Country s; the third term is the part of
Country s’ intermediate goods exports that are used by Country r to produce intermediate

exports, shipped back to Country s and used by Country s to produce its domestic consumed
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final goods; the last term is the part of country s’ intermediate goods exports used by Country r
to produce intermediate goods exports that are shipped back to Country s to produce final goods
exports to Country r. These four terms completely decompose Country s’ intermediate exports
according to where they are finally absorbed.

From the gross output production and use balance conditions, we know
r rr rr r rs rs s rs rr
X aly ay | x ai aj || x
{i}{ ‘,i iﬁ}{ 1}{ . if}{ i}{y@{yl}
X ay Ay || X ay Ay | X Y2 Y
(A4)
rr rr r rr rs
ay ajy | x e
{ ‘:, }[ H*VH }
ay Ay || X Y2 )
Re-arranging:
. -1 S
] [1-ay —ap TTor] [1-an —ap e
r = rr 1 rr rr + rr 1 rr rs (AS)
X —ay —day V2 —ay —day 5
Define:

-1
lrr lr” 1 _ rr rr . . . .
L ={ ! '2}={ i } as local Leontief inverse matrix, then equation (A5)

rr rr rr Iy
Ly b —a, 1-ay,

can be Re-written as
S AR AT o
Xy Ly sy Ly D] e
Insert equation (A6) into last term in equation (Al), the intermediate goods exports by

Country s can also be decomposed into following two components according to where it is used

similar to a single country 10 model:

oy {aff af;}{x;}:[af: af;}[m‘ z;‘;}{y;*Hafr a:';}{zr: 1;;}{43} (A7)
ay @y | X% | (@ an | by L | lay an by by e
Equations (A3) and (A7), both of them completely decompose Country s’ intermediate exports,
are the key technical step to fully decompose gross trade flows, since they transfer gross output
(and gross exports), usually endogenous variables in standard ICIO models, to exogenous

variables in the gross trade accounting framework we proposed. Together with the global
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value-added multiplier adding-up condition defined in equation (5) in main text and the local
value-added multipliers defined below, they are the major step stones in deriving our gross

exports decomposition formula.

From equation (5) in main text, we can obtain Country s’ domestic and foreign

value-added multipliers as follows:

bSS bSS
vog =y { § ﬁ}[vfbffw;b;i vibg +vib] (A8)
b21 b22
, b b , o
VB =[v v;:{ I {3} =[vrbr +vibg vibs +vibg] (A9)
tbl b22

Also from equation (5) in main text we know that the sum of equations (A8) and (A9)
equals unity. In a single country IO model, domestic value-added multiplier can be calculated
as
Ly 1y

s ss
121 122

V=AY =1L =]y v;{ }:[vflf‘f+v§l§‘{ Vi v ] (A10)

Using equation (A10), the property of the sum of equations (A8) and (A9) equals to unity,
and define “#” as element-wise matrix multiplication operation'’, the value of Country s’ gross

intermediate exports can be decomposed as
Sr Sr__ r S7S8§ S7SS Sr sr r
a a’ |l x vil® +vil a a, || x
sevr | 91 2| X% [ Vihn TVl 11 12 || %
A X - {asr aS}" xr} - {VSISS + VSISS}#{[aSF aSl" }{xr }}
2 Gy | X 1y T Vals) 2 Gy | X
SIS SIS B S7Ss SJSS Sr Sr r
+ |:V1b11 +V2b21}_ vl +V2121} ” {an a12j||:xl :| (All)
S Ss S SS S7SS R AN Sr sr r
wby, +vyb;, Vi Iy +v3b, ay A4y | X%
r.rs rp.rs sr Sr r
+ {Vl by + Vzbzl}# |:a11 ap :|{x1 :|
r rs r rs Sr Sr r
v by +viyby Ay Ay | X

Finally, based on the standard Leontief decomposition, Country s’ final goods exports can

be decomposed into domestic and foreign value-added as follows:

13 For example, when a matrix is multiplied by n 7 % 1 column vector, each row of the matrix is multiplied by the

corresponding row of the vector.
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{yﬂ - [V‘bef s H”ﬂ : [Vfb‘f b }#m (A1)
Y vby, +vyb;, Y vibjy +vyb;, Y

Inserting equations (A3) and (A7) into equation (All), and combining equations (A1l)

and (A12), we obtain Country s’ gross exports decomposition equation as:
Sr Sr Sr sr r
e ¥ a; as|lx
s _ |8 |_|N no 9|
E - Sr - sr + sr sr r
%) b ay Ay || X,
r S 158 S1.58 Sr §718§ N SS_ Ssr Sr rr rr rr
_ v, b)) +V2b21]#[y1 }_lvlln + Wl 4 [a” a12][b11 b12]{y1 ]
S1.88 S1.88 sr S8 S 788 sr sr rr rr rr
LV b, +vby | | 1, wil +V2122_ ay  ay | by by |y
M S 788§ S SS_ r sr Sr__ rr rr__ rs_ S8 S8 Sr Ssr rs rs Ss
+ vl vl 4 ay ay by by |y +[V1 I +V2121]# [au ap ][bll b}, :||:y1 ]
S788 S788 sr sr rr rr s S788 S788 sr sr rs s ss
LV I +V2122_ | %21 a22__b21 bzz__yz ] vl + vyl ay  ay | by by |y,

B S 7188 N SS_ r sr Ssr r rs I‘S__ SV—
+ vl vl 4 ay ay by by | n
S788 S788 sr sr rs rs sr
LV I +V2122_ | %21 azz__bu bzz__)’z ]

S1.58 S1.88 S8 S 788 Sr sr r
+ |:V1b11 +V2b21}_["1[11 +V2121:| 4 [all 012]{%]
S1.88 S1.88 S788 §788 sr sr r
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Equation (A13) indicates that the gross exports of a country can be completely

decomposed into the sum of nine terms. It is an extension of equation (13) in KWW; with the
domestic pure double counting term being further split by production related to final and
intermediate goods exports respectively. To better understand each term in this accounting
equation, we provide the following economic interpretations:

The first term is domestic value added embodied in the final exports of the 1% and 2™
sectors of Country s. Each of them has two parts: domestic value added created by the sector
itself and domestic value added created by the other sector embodied in the sector’s final
exports.

The second term is domestic value added embodied in Country s’ 1% and 2" sector’s
intermediate exports which are used by Country r to produce final goods, ¥, and ; , and are
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consumed in r.

These two terms are domestic value added embodied in Country s’ gross exports which are
ultimately absorbed by Country r. They are value added exports of Country s.

The third term is domestic value added embodied in Country s’ 1% and 2™ sector’s
intermediate exports used to produce Country r’s final exports, i.e. country s’ imports of final
goods fromr.

The fourth term is domestic value added embodied in Country s’ 1% and 2" sector’s
intermediate exports that are used by Country r to produce intermediate exports and return to
Country s via its intermediate imports to produce its domestic final goods.

These two terms are domestic value added embodied in the 1 and 2™ sector’s gross
exports which returned home and are finally consumed in Country s.

The first four terms are the domestic value added (GDP) embodied in the 1% and 2
sectors’ gross exports of Country s, which include value added created from all sectors in
Country s.

The fifth term is domestic value added of Country s' 1% and 2™ sector’s intermediate
exports which return home as its 1% and/or 2™ sector's intermediate imports and are used for
production of Country s’ both sector's final exports and are finally consumed in Country r. They
are part of the value-added in Country s' final exports and already counted once by the first term
of equation (A13), therefore it is a domestic double counted portion caused by the back and
forth intermediate goods trade in order to produce final goods exports in Country s.

The sixth term is domestic value added of Country s' 1% and 2" sector’s intermediate
exports that return home as intermediate imports and are used for production of Country s’
intermediate exports to Country r. It is also a domestic double counted portion caused by the
back and forth intermediate goods trade in order to produce intermediate goods exports in
Country s.

Sum of the first to the sixth terms equals domestic content of the 1 and 2" sector’s gross
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The seventh term is foreign value added used in Country s' 1% and 2™ sector’s final goods
exports. Each of them also has two parts: foreign value-added from the sector itself and the
other sector used to produce final exports from Country s. Adding up the first and the seventh
terms accounts 100% of the value of the final exports in Country s by sector.

The eighth term is foreign value added used to produce the 1% and 2" sector intermediate
exports of Country s, which are then used by Country r to produce its domestic final goods.
Summing the seventh and eighth terms, the two elements in the resulted vector are total foreign
value added embodied in the 15 and 2" sectors’ gross exports of Country s, respectively.

The ninth term is foreign value added embodied in the 1% and 2™ sector’s intermediate
exports used by Country r to produce its final and intermediate exports, which is the foreign
double counted term of Country s’ exports. Adding up the eighth and ninth term yields the
foreign content of the 1 and 2" sector’s intermediate exports.

Therefore, sum the seventh to the ninth terms equals the foreign content of the 1% and 2"

il

2 2
sector’s gross exports of Country s, ZV’b”ef" and Zvi’ ble; .
i i

1

It is easy to show that the aggregation of the two sectors in equation (A13) results in

equation (13) in KWW. A detailed proof is given as follow:
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Similarly, the Country r’ gross exports can be decomposed as:
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In a 3-country, 2-sector model, the gross output of Country r can be decomposed into the

following four components according to where they are finally absorbed:
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Insert equation (A18) into the last term of equation (A1), we can decompose Country s’

gross intermediate goods exports to Country r according to where they are absorbed as:
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From the gross output production and use balance conditions, we know
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Insert equation (A21) into last term in equation (Al), the intermediate goods exports by

Country s can also be decomposed into following two components according to where it is used

similar to a single country 10 model:
sr Sr r Sr sr rr rr rr sr Sr rr rr r*
. |a an | x a, as ||l 1 a, a, |l I5]e
Aser =|: 11 12:||: l:|=|: 11 12:||:11 12:||:y1 :|+|: 11 12:||:11 12 1* (A22)
sr sr r Sr sr rr rr rr sr sr rr rr s
aZl a22 x2 a21 a22 121 122 y2 aZl a22 121 122 62

Follow the logic of equation (5) in the main text, we can obtain Country s’ domestic and

foreign value-added multipliers as follows:
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(A25)
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=M W b b | VO Vb VD T V505,
b1 Dx

And we know that the sum of equations (A23), (A24) and (A25) equals unity.
Using equation (A19), the property of the sum of equations (A23), (A24) and (A25) equals
to unity, and define “#” as element-wise matrix multiplication operation, the value of Country s

bilateral intermediate exports to Country r can be decomposed as
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Finally, based on the standard Leontief decomposition, Country s’ final goods exports to

Country r can be decomposed into domestic and foreign value-added as follows:
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Inserting equations (A19) and (A22) into equation (A26):
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Combining equations (A27) and (A28), we obtain decomposition equation of Country s’

bilateral exports to Country r as:
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Equation (A29) indicates that the exports at bilateral and sector level of a country can be

completely decomposed into the sum of sixteen terms. To better understand each term in this
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accounting equation, we provide the following economic interpretations:

The first term is domestic value added embodied in the final exports of the 1% and 2
sectors of Country s to Country r. Each of them has two parts: domestic value added created by

the sector itself and domestic value added created by the other sector embodied in the sector’s

final exports of Country s to Country r.

The second term is domestic value added embodied in Country s’ 1% and 2" sector’s

intermediate exports of Country s to Country r which are used by Country r to produce its

domestic final goods, y," and y,", and are consumed inr.
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The third term is domestic value added embodied in Country s’ 1*t and 2" sector’s bilateral

intermediate exports used to produce Country r’s intermediate exports to Country t and
ultimately absorbed by Country t” domestic final goods, y; and ;.
The fourth term is domestic value added embodied in Country s> 1% and 2™ sector’s

bilateral intermediate exports used to produce Country r’s final exports to Country t, y;* and

Vs -
The fifth term is domestic value added embodied in Country s’ 1% and 2" sector’s bilateral

intermediate exports used to produce Country r’s intermediate exports to Country t and
ultimately absorbed by Country t’ final exports to Countryr, y, and ) .

These five terms are domestic value added embodied in Country s’ exports to Country r
which are ultimately absorbed by Country r. They are value added exports of Country s via
bilateral exports to Country r.

The sixth term is domestic value added embodied in Country s’ 1t and 2" sector’s bilateral

intermediate exports used to produce Country r’s final exports back to Country s, i.e. country s’
imports of final goods fromr, y;° and ;' .

The seventh term is domestic value added embodied in Country s’ 1% and 2" sector’s

bilateral intermediate exports used to produce intermediate exports to Country t and ultimately
absorbed by Country t’ final exports to Country s, y;° and y5 .

The eighth term is domestic value added embodied in Country s’ 1% and 2™ sector’s
bilateral intermediate exports that are used by Country r to produce intermediate exports and
return to Country s via its intermediate imports to produce its domestic final goods.

These three terms are domestic value added embodied in the 1% and 2™ sector’s bilateral
exports which returned home and are finally consumed in Country s.

The first eight terms are the domestic value added (GDP) embodied in the 1% and 2"

sectors’ bilateral exports of Country s, which include value added created from all sectors in
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Country s’ bilateral exports to Country r.

The ninth term is domestic value added of Country s' 1% and 2" sector’s bilateral
intermediate exports which return home as its 1°* and/or 2™ sector's intermediate imports and
are used for production of Country s’ both sector's final exports and are finally consumed in
Country r. They are part of the value-added in Country s' final exports and already counted once
by the first terms of equation (A29) and the decomposition equation of Country s’ exports to
Country 1, therefore it is a domestic double counted portion caused by the back and forth
intermediate goods trade in order to produce final goods exports in Country s.

The tenth term is domestic value added of Country s' 1% and 2™ sector’s intermediate
exports that return home as intermediate imports and are used for production of Country s’
intermediate exports to Country r. It is also a domestic double counted portion caused by the
back and forth intermediate goods trade in order to produce intermediate goods exports in
Country s.

Sum of the first to the sixth tenth equals domestic content of the 1% and 2™ sector’s gross
2 2
exports, Zvi‘ b)e” and va bie; .

The 11" term is Country r’s value added used in Country s' 1% and 2" sector’s final
exports to Country r. Each of them also has two parts: Country r’s value-added from the sector
itself and the other sector used to produce final exports from Country s.

The 12" term is Country r’s value added used to produce the 1% and 2" sector intermediate
exports of Country s to Country r, which are then used by Country r to produce its domestic
final goods.

The 13™ term is Country r’s value added embodied in the 1% and 2™ sector’s intermediate
exports to Country r and used by Country r to produce its final and intermediate exports, which
is the portion of foreign double counted term of Country s’ exports to Country r.

Summing the 11" to the 13" terms equals the Country r’s content of the 1% and 2™ sector’s
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The 14" term is Country t’s value added used in Country s’ 1% and 2™ sector’s final
exports to Country r. Each of them also has two parts: Country t’s value-added from the sector
itself and the other sector used to produce final exports from Country s. Adding up the 1%, the
11" and the 14" terms accounts 100% of the value of the final exports in Country s to Country r
by sector.

The 15" term is Country t’s value added used to produce the 1 and 2™ sector intermediate
exports of Country s to Country r, which are then used by Country r to produce its domestic
final goods. Summing the 11, the 12, the 14™ and 15" terms, the four elements in the resulted
vector are total foreign value added embodied in the 1% and 2" sectors’ gross exports of
Country s to Country r, respectively.

The 16™ term is Country t’s value added embodied in the 1% and 2" sector’s intermediate
exports to Country r and used by Country r to produce its final and intermediate exports, which
is the foreign double counted term of Country s’ exports to Country r. Adding up the 13" and
the 16" terms are the foreign double counted term of Country s’ exports. Adding up the 10, the

13" and the 16 terms are the double counting terms of gross exports of Country s to Country r.

Appendix B: The Interpretation of Eight Terms in Equation (11)
Equation (11) in main text decomposes Country s’ gross intermediate goods exports to

Country r according to where they are absorbed as:

AsrXr :AsrBri‘Yrr+A.sr iBrthl+AsrBrriyrl_l_AsriBrliYm

t#s,r t#£s,r t£s,r u#s,t (B 1)
G G
+ AsrBrrYrs + Asr Brlyls + AsrBrsyss + AsrzBrsYsl
t£s,r t#£s

The 1% term in equation (B1) is the part of Country s’ intermediate goods exports used by
Country r to produce domestic final goods that are eventually consumed in Country r; the 2™
term is the part of Country s’ intermediate exports used by the direct importer, Country r, to

49



produce intermediate goods that are exported to the third Country t for production of final
goods consumed in t; the 3™ term is the part of Country s’ intermediate exports used by Country
r to produce final exports which are ultimately absorbed by third Country t; the 4™ term is the
part of Country s’ intermediate exports to Country r used by r to produce intermediate exports
to the third Country t for production of final exports absorbed by other countries (including the
direct importer r) except source Country s; the 5 term is the part of Country s’ intermediate
goods exports to Country r that are embedded in Country r’s final goods exports returned to
Country s; the 6 term is the part of Country s’ intermediate exports used by the direct importer
(r) to produce intermediate exports to the third Country t for its production of final exports that
are shipped back to Country s; the 7 term is the part of Country s’ intermediate goods exports
that are used by Country r to produce intermediate exports that are shipped back to Country s to
produce its domestic consumed final goods; and the last term is the part of country s’
intermediate goods exports used by Country r to produce intermediate goods that are shipped
back to Country s to produce final goods exports to all other countries. These eight terms
collectively decompose Country s’ intermediate exports to Country r completely according to
where they are finally absorbed. It will be used later to decompose domestic originated value of

a country’s bilateral gross exports into different value added and double counted components.

Appendix C: Different types of double counted terms in gross trade statistics

KWW (2014) has identified three conceptually different types of double counted terms in a
country's gross exports: (1) RDV represents the source country’s domestic value-added that is
initially exported but imported back and consumed at home. Because it is not domestic value
that stays abroad, it is double counted in trade statistics. However, because it constitutes a part
of the source country’s GDP, it is not double counted in either the global or the source country’s
GDP. (2) FVA represents the foreign value added in the source country’s gross exports that are
ultimately absorbed in foreign countries. Since it is already counted in other countries’ GDP, it
is double counted in both trade statistics and global GDP. (3) PDC represents the value of

intermediate products that is already captured by other terms in the gross exports decomposition
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equation. Because it represents repeat counting of the same value added terms at least three
times and only occur when there is two way intermediates trade, KWW label it as “pure
double-counted terms.”

Although mathematical expressions of these double counted terms are included in their
gross exports decomposition equation (36), KWW only illustrate the difference among them in
a two country setting, and did not explicitly derive the relations among them and show how
they repeat count other domestic value-added terms. This is what we will do in this appendix.

Summing up equation (18) over all sectors and trading partners, we obtain an equation

exactly the same as equation (36) in KWW (2014), and rearranging it as

uES* — uiESV — VSBSSiYS}” + VSBSSiASVL}”}”YI’T

r#s r#Ss r#Ss
(1)-DVA_FIN (2)-DVA _INT
G G G G
+ V_SZ ZBSZ‘AZ‘VL}’FYVI’ + VSZBS)‘ Zyrt
rES L£ES, 1 r#s t#£s,r

(3)-DVA _ INTrex

G G G
+ VSZBerrS + VSZBsrArsLssyss + VszBsrArsLssEs* (Cl)
| (4)7RDV,lB A (5)-DDC

+ iV"BrSYSr + iV}"BrSASVLI‘I‘Yrr + iV}"BrSASVLVVEV*

r£Ss r£s rESs
(6)-MVA (7)-MDC
+ VtBtS Ysr + VlBtS AsrLi‘i‘Yl‘r + VtBtS ASI’erEr
t#Ss,r r#£Ss t#s,r r#Ss t#Ss,r r#Ss
(8)-0v4 (9)-0DC

Where E** denotes gross exports of country s.

Based on Equations (13), (18), and (20) in the main text, the GDP of Country s can be
expressed as

GDPs — VSXS — VSLsSY,m + V,S'LS,S‘ES*

=V L*Y* +DVA_FIN® +DVA_INT® + DVA _INTrex® + RDV*

(C2)

Combining equations (C1) and (C2), we have
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uE™ =DVA _FIN® +DVA _INT* + DVA _INTrex* + RDV*
+DDC? + MVA® + MDC’® + OVA® + ODC*

(C3)
=GDP’ -V°'L*Y" + DDC* + MVA* + MDC" + OVA* + ODC"*
=GDP' -V°'L”Y" + DDC’ + FVA® + FDC*
Summing up equation (C3) over all G countries and rearranging, we obtain
G . G G G G G
uy E” =Y GDP' ==Y V'L*Y” ++) DDC’ +» FVA’ +) FDC’
N s s N s s (C4)

= —i VEL'Y™ + iDDC“’ + iMVAS + iMDC + iOVAS + iODC

As indicated by equation (C1), MVA is the direct importing country’s value added
embodied in the source country’s exports and ultimately absorbed by the direct importer. OVA
is value added from third countries that are embodied in the source country’s gross exports.

We summarize the relationship among the major terms in equation (C1) by the following
three propositions. Proposition C.1 reveals how the two components of FVA, MVA, and OVA,
are related to other terms. Propositions C.2. and C.3 reveal how the two pure double counted
terms, DDC and FDC, respectively, are related to other terms.

Proposition C.1: The FVA in a country’s gross exports double counts the RDV_B in gross
exports of direct importing countries and DVA INTrex in gross exports of third countries.

Proof: Based on equation (C1), we can obtain
(1) Total RDV_B equals total MVA for the world:

G G G G G
ZMVAS =ZZVrBrsYsr +ZZV;~BrsAsrerYrr
s N r#S S r#S (CS)

A G G G G G
— ZZVSBSI‘Yrs +ZZVSB.SI‘ArSL.y.S'Ys.y :ZRDVS

s r#s s r#Ss

(2) Total OVA equals total DVA_INTrex in the world:

52



G G G G G G G
Z OVA? — Z Z VIBZSZ Ysr + Z Z VtBtsz AsrerYrr

S s tES,r r#s s tES,F r#Ss

| G G G G G G
— z Z VsBstZ Atreryrr +Z Z VsBstz Ytr (C6)

S tES,r r#Ss s tES,r r#£Ss

G G G G G G G
= D VB Y A"L'Y" +Y D V'BY YY" =) DVA_INTrex’

S tES,r r#£S S r#S t#£8,8

Since FVA = MVA + OVA, therefore,

G G G
gFVAS :Z:DVA_INTrexS +ZRDV°‘ )

This indicates that FVA exactly double counts RDV_B and DVA INTrex in measuring
value-added in global exports.

The intuition of this proposition is simple: when RDV_B and DVA_INTrex cross borders
from the source country to the direct importer for the first time, they are both counted as part of
the source country’s domestic value added in its gross exports. When they cross national
borders for the second time either from the direct importer back to the source country or are
re-exported to a third country, they are counted another time as MVA or OVA in gross exports
of the direct importing country. Therefore, FVA is value-added that crosses national borders at
least twice.

Proposition C.2: The DDC in a country’s gross exports repeatedly counts the value of the

gross intermediate trade flows originating from the home country. The limit of the double

G
counting coefficient equals V* ZB”A” .

r#s

Proof:

DDC* = VsiBsrArsLssEs* — VSiBsrArS(XS _LSSYSS)
G - G G ” G G G G (CS)
— VSZBXI‘AVS (BSSZYM + ZBstYn + zBst Z Ytu + ZBstYm + ZBStAtSLSSYSS)

r#Ss t#£s t#£s t#£s u#s,t t#£s t#£s

where the double counting coefficient is a 1 by N vector. The terms inside the parentheses are N
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by 1 vectors, representing different parts of gross output induced by the production of Country
s’s total gross exports (which sum to X° —L*Y™). Their values are measured by the back and
forth movement of intermediate trade flows originating from the home country, which crosses
national borders at least 3 times: (1) as intermediate exports from the home country, (2)
returned from the direct importer as intermediate imports, and (3) exported to other countries
again as intermediate or final products. The process can continue and repeat further until the
value is absorbed by a destination country.

Proposition C.3: The FDC in a country’s gross exports repeatedly counts the value of

gross intermediate exports originating from all other countries except the home country. The

G
limit of the double counting coefficient for each country t equals VIZB”A” .

t#s

Proof:

FDC* = i V'B" i ATLE" = i V'B" i AT(X"=L"Y")

. t;tsG r#s . . t£s risG . . . (C9)
- ZV)‘BISZAN(BWZYW +ZBquuu +ZBru zYuv + zBruyur +ZBruAureryrr)
t#s r#s u#r u#r u#r VEU P u#r u#r

where the double counting coefficient is a 1 by N vector. The terms inside the parentheses are N
by 1 vectors, representing different parts of gross output induced by the production of other
countries’ total gross exports (this part of the output in each country sums to X" — L"Y""). Their
values are measured by the back and forth movement of intermediate trade flows originating
from other (foreign) countries, which also cross national borders at least 3 times but through
different routes: (1) as intermediate exports from the home country, (2) re-exported by direct
importing countries to third countries as intermediate exports, and (3) exported by a third
country again to other countries except the home country as intermediate or final products. The
process can continue and repeat further until the value is absorbed by a destination country.

The intuition behind propositions C.2 and C.3 is also simple: positive values of DDC
and FDC only occur when there are back and forth intermediate trade flows among countries.

They repeatedly count intermediate trade flows that cross national borders. Those intermediate
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trade transactions are not part of any country’s GDP or final demand (beyond what has already
been counted), similar to domestic inter-industry transactions that use one type of intermediate
input to produce another type of intermediate inputs. Because all cross-country trade
transactions are recorded by two countries’ customs authorities, they show up in trade statistics.
In comparison, domestic intermediate input transactions are deducted from total gross output
when official GDP by industry statistics is accounted for. Therefore, PDC is not a value added
concept, and has different economic and mathematical properties compared to RDV_ B and
FVA, although all three represent double counted terms in a country’s gross exports.

Based on equation (C3), the gross exports of Country s in 3 country case can be expressed

as

uES* — I:VSBSSYSI” + VSBSSYSIJ‘F I:VSBSSASFLI‘I‘YFF + VSBSSAStLttht]
S1-DVA _FIN S§2-DVA_INT

+ -VSBSVAI‘tLttYn‘ + VSBStAtrerY}’r + VSBSI‘Y}‘I + VSBSthr]

S3—-DNA_INTrex

+ _VSBSFYVS + VSBStyts + VSBSrAI‘SLSSYSS + VSBStAtSLSSY_S‘S]

S4-RDV _B

+ -VsBsrArsLssEs* + VsBstAtsLssEs*J

_ S5-DDC (Clo)

+ -VrBrsysr + VtBtsyst + VrBrsAsreryrr + VtBtsAstLttYn]

i S6-MVA

+ -VrBrsAsrerEr* + VtBtsAstLttEt*]

i S6-MDC

+ _VtBtSYSr + VrBrSYAS‘t + VtBtSA‘WerYW + VrBrSAStLttYn]

S7-OVA_FIN

+ -VtBtSASVLI‘rEI‘* + VVBVSAStLtlEl*]

§8-0DC

Similarly,
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uE” =" B7Y" +V B Y |+ [V BT ALY 4V BT ALY ]
LB LY VB ALY VT BYS 4V B Y]

L BV BRY T VB ALY VB ALY

+ B AT ET v B AT L E

L BTY VI BTY VBT ALY +V BT ALY ]

+ BT AL ET v BT A L E” ]

L BTY AV BTY AV BT ALY + VBT ALY ]
LB A B VB AP L]

(C11)

uE" =7 B Y VB Y |+ [V B ALY 4 VB ALY
LB ALY VB ALY VB YT £V BTV
LB VI BTY T VB ALY + VBT ALY ]
LB A E v B A E" ]

LB VB VB ALY VB ALY ]
B A BT VB AT LE”]

L BYT VB VB ALY 4V B AN LY ]

+ B AT ET v B AR L]

(C12)
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Comparing equation (C10), (C11) and (C12), the concordance of value added and double

counted terms in gross exports for 3-country, N-sector case can be summaries in following

tables:
Table C1. How value-added is double counted in gross exports: 3 country case
Double counting
Country DVA INTrex| RDV_B | DDC MVA MDC OVA
measures
Term NO. S3 S4 S5 S6 S7 S8
Value-Added RDV B
) OVA of R and | MVA of | MDC of - DDC of | DVA_INTrex
measure in other of R and -
Country S ) T RandT | Rand T RandT| ofRandT
countries T
Term NO. in other R6 and | R7 and R5 and
) R8 and T8 R4 and T4 R3 and T3
countries To6 T7 TS5
Term NO. R3 R4 RS R6 R7 RS
Value-Added
) OVA of Tand | MVA of | MDC of | RDV_B | DDC of | DVA INTrex
measure in other - -
Country R ) S TandS | TandS |of Tand S| TandS | of TandS
countries
Term NO. in other S6and | S7and S5 and
) S8 and T8 S4 and T4 S3 and T3
countries To6 T7 TS5
Term NO. T3 T4 TS5 T6 T7 T8
Value-Added
. OVA of Sand | MVA of | MDC of | RDV B | DDC of | DVA INTrex
measure in other - -
Country T ) R SandR | SandR |of Sand R| Sand R | of S and R
countries
Term NO. in other R6 and | R7 and R5 and
. R8 and S8 R4 and S4 R3 and S3
countries S6 S7 S5
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Table C2. The detailed concordance of value added and double counted terms in gross exports: 3 country case

Country S Country R Country T
Term Label | Term . Concordance | Term . Concordance | Term . Concordance
NO. Equation Term NO. | NO. Equation Term NO. | NO. Equation Term NO.
S Sr rt rtt i r rt 1S 188 SS t s Sr yrr rr
DVA INTrex] |[s$3-1 | V' B ALY RS-3 R3-1 | V'B ALY 78-3 13-1 | VB ALY 58-3
— S ST AT T\ T TS 45T TN T -
DVA INTrex2 |s$3-2 | V' B ALY 78-4 R3-2 | V'B ALY 58-4 13-2 | V'B"A"L*Y® R8-4
DVA INTrex3 | s3-3 | V'B"Y" RS-1 R3-3 | V'B"Y" T8-1 3.3 | V'BY” 58-1
S pStytr .
DVA INTrexd |s3-4 | V' BY 78-2 R34 | V' B"Y" 58-2 13-4 | V'B"Y" RS-2
RDV Bl s4.1 | V' BTY" R6-2 Ré-1 | V'B'Y" 76-2 141 | V'BY" S6-2
K Stysts .
RDV B2 s42 | V'BYY 76-1 R4-2 | V' B”Y™ S6-1 142 | V'B"Y" R6-1
- . . 1 Dt t ittt
RDV B3 s43 | VBT ALY R6-4 R43 | VB ALY T6-4 143 | V'B"A'LY S6-4
S DSt 1S TSSY/SS Vr Brs Asr erYrr t ptr gt pttystt
RDV_B4 S4-4 | V'BYAL’Y 76-3 R4-4 S6-3 T4-4 | V' B"A"L'Y R6-3
DDC1 s5-1 | VBT A”LPE” R7-2 R5-1 | V'B"A"L"E" 772 5.1 | V'B"AL'E" §7-2
K St A1S 78S 178" r I Sryrr ore | %
DDC2 ss2 | V'B"ALYE 77-1 rs-2 | V'B"A'L'E §7-1 152 | V'B"A"L"E' R7-1
MVA FINI se1 | V'B"Y” R4-2 R6-1 | V'B"Y" T4.2 6.1 | V'BY" 4.2
MVA FIN2 se2 | V'B"Y" T4-1 R6-2 | V'B'Y" 4.1 162 | V'B"Y" R4-1
MVA_INTI s6-3 | V' B ATLY" R4-4 R6-3 | V'BTA"L'Y" T4-4 r6-3 | V' B A"L'Y” S4-4
t Dt t ittt X
MVA_INT2 s6-4 | V'B ALY T4-3 R6-4 | V' B ALY” §4-3 T6-4 | V' B"A"L"Y" R4-3
MDCI s7.1 | V'B"ATLE” R5-2 R7-1 | V'B"A"L"E" 75-2 r7.1 | V'BYA"LYE™ §5-2
T DL trit ot* K SV AVS 7SS ST %
MDC2 s7.2 | V'B"A'L'E 75-1 rR7-2 | V'B"A"L'E S5-1 772 | V'B"A"L"E" R5-1
OVA FINI ss.1 | V'BY” 73-3 Rs-1 | V'B"Y" $3-3 181 | V'B"Y" R3-3
i K Styytr
OVA_FIN2 ss2 | V'B°Y* R3-4 R8-2 | V'B"Y" T3-4 182 | V'BY S3-4
t ts Sr rrr rr S Sr rt rtt i r rt 1S 188 SS
OVA_INTI ss-3 | VB ALY T3-1 R8-3 | VB ALY S3-1 183 | V'B ALY R3-1
= V}’BI‘SAStLttytt t P [— 55 VSBStAtrLVI‘Y}’r
OVA_INT2 S8-4 R3-2 RS-4 | V'B"A”L*Y" T3-2 78-4 S3-2
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Appendix D: Decomposition of a country’s bilateral exports into traditional and GVC trade
In traditional trade, the domestic factor content embodied exports are directly absorbed by

importers without involving re-exports or production activities in any third countries. The

intermediate exports and final exports in traditional bilateral trade can be measured as (V' L") #Y*

and (VL") #(A"L"Y"), which are not involved re-exports and third countries. Therefore,

equation (18) in main text can be further decomposed as:
Esr — I:(VSLSX)T#YV + (VsLss)T#(Asreryrr)]
+ [(VSBXS _ VSLS\Y)T#YSY + (VSLSS)T#(AXVBH‘Y”‘ _ASVLN‘Y”‘)]

+(VSLSS)T#{ASV iBr[Y[[ +ASVBVV iyrt +ASI’§BI’[ iY“A}

t£8,r t£8,r t#£S8,r u#s,t

G
+ (VXL.YS)T#|:AxrBrrYrS + Asr ZBI‘tYm + AxrBrsY>vs:|
t#£Ss,r

G G
+ (VSLXS)T#(ASVZBrsY,vt) + (VSLSXZAstBts)T#(AsrXr)j|

t#s t#£s

i G G
+ (VrBVS)T#Y:r + (ZVZBI‘S)T#YS}':| + |:(VrBrS)T#(AsrerYrr) + (ZVI‘B[S)T#(AHLWYW)

t#s,r t#s,r

i G
(Ver)T#(AsrerEr*) + (Z VIBIS)T#(Axr‘Li'rEr* ):|

+
I (D1)
Based on definition of Leontief inverse matrix, we can obtain
G
VSBSS _ VSLSS — VS (BSS _ LSS) — VSLSSZ AStBtS (D2)
t#s
G
ATBTY" — ATTY = Asr(Brr _er)Yrr — AerBrtAtrerYrr (D3)
t#r
And
G G G G G G G
Asr ZBrtht + AsrBrr Zyrt + Asr ZBrt Zytu — Asr ZBrtYn + Asr Brt Zytu (D4)
t#s,r t#s,r t#s,r u#s,t t#s,r t#s u#s,r
G G
AsrBrryrs + Asr ZBrths + AAvrBrAvysAv — AerBrtYm (DS)
t#s,r t

Inserting equation D2-D5 into equation D1, the decomposition equation can be rearranged as
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E‘W — I:(VSLYS)T#YX;‘ + (VSLYS)T#(ASVLI”VY"F)]

G G G
+ (VSLSXZ AstBts)T#Ysr + (VSLSS)T#(AWZBrtAtreryrr) + (VsLss)T#(Asr ZBrtytr ):|

t#s t#r t#s,r

B G G G
+ (V,YLSS)T#(ASFZBVI Zytu):| + |:(VSLSS)T#(AsrzB,~tYm):|
L t#£s U#S,r t (D6)

G G
+ (VsLss')T#(AsrzBrsYst) + (VSLXSZAstBt.s)T#(AsrXr):|
t#s t#s

G G
+ (VrB/‘S)T#Yyr +(ZVIBIS)T#Y.W:|+|:(VrBrS)T#(Asreryrr)+(ZVIBIS)T#(ASI‘eryrr):|

t#s,r 15,1

G
+ (VrBrS)T#(AsrerEr*)+(ZVtBtS)T#(AsrerEr*):|

t£8,r

The 1% category, (V'L*) #Y" +(V°L”) #(A"L"Y™), is the domestic value added embodied in

traditional exports, which directly absorbed by trade partner r. The 2™ category is country s’s value
added embodied in GVC exports and ultimately absorbed by trade partner r. The 3™ category is
country s’s domestic value-added in GVC exports and ultimately absorbed by the third country
(other countries). The 4™ category is Country s’s domestic value-added in its intermediate exports
and ultimately absorbed by source Country s. the 2™ to 4 categories are the domestic value added

embodied in GVC exports. Other categories are same to equation (18) in the main text.

Appendix E: Decomposition of a country’s gross exports in G-country N-sector case

The economic interpretations for the 16 terms in equations (18) are listed in table E1.
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Table E1 Definition of the 16 Terms in Equation (18) of the Main Text

Number Label Description Categories
T1 DVA FIN Domestic Value Added in final goods exports DVA FIN
T2 DVA_INT Domestic Value Added in intermediate exports used by direct DVA_INT
importer to produce its domestic final goods and consumed there

T3 DVA _ INTrex1 | Domestic Value Added in intermediate exports used by the DVA INTrex
direct importer to produce intermediate exports for production of
domestic used final goods in third countries

T4 DVA_INTrex2 | Domestic Value Added in intermediate exports used by the DVA INTrex
direct importer to produce final goods exports to third countries

TS DVA_INTrex3 | Domestic Value Added in Intermediate exports used by the DVA INTrex
direct importer to produce intermediate exports to third countries

T6 RDV_FIN1 Returned Domestic Value Added in final goods imports -from | RDV_B
the direct importer

T7 RDV_FIN2 Returned Domestic Value Added in final goods imports -via RDV B
third countries

T8 RDV_INT Returned Domestic Value Added in intermediate imports used | RDV_B
produce final goods consumed at home

T9 DDC _FIN Double counted Domestic Value Added used to produce final DDC
goods exports

T10 DDC _INT Double counted Domestic Value Added used to produce DDC
intermediate exports

T11 MVA _FIN Direct importer’s Value Added in exporting country’s final FVA_FIN or
goods exports MVA

T12 MVA_INT Direct importer’s Value Added in exporting country’s FVA_INT or
intermediate goods exports MVA

T13 MDC Direct importer’s Value Added double counted in home FDC
country’s exports production

T14 OVA _FIN Third countries’ Value Added in exporting country’s final goods | FVA_FIN or
exports OVA

T15 OVA INT Third countries’ Value Added in exporting country’s FVA INT or
intermediate goods exports OVA

T16 ODC Third countries’ Value Added double counted in home country’s | FDC

exports production

Rearranging equation (18) in the main text as following nine groups:
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G
Esr — (VSBSS)T#YSV + (VSLSS)T#(AsrBrrYrr) + (VSLSS)T#(ASI‘ zBrtYn‘):|

t#s,r

i G G G
+ (VSLSX)T#(AX}"BI‘I‘ Zyrt) + (VSLSS)T#(ASI‘ Z ZBrtYm ):|

t#£s,r t#£S,ru#s,t

G
+ (VSLSS)T#(AJYBVVYK\') + (VSL.YS)T#(ASI‘ ZBrtYm):| + (VSLSS)T#(A.YVBFSYSS)

t£s,r

B G
+ (VSLSX)T#(AWZBrsyst) + (VSBSS _ VXLSS)T#(AsrXr)j|

t#£s

t#£Ss,1r

i G
+ (VrBrS)T#Ysr +(Z VtBIS)T#Ysr:|

i G
+ (VI'BrS)T#(AerrrYrr) + (Z VtBtS)T#(AsrerYrr )i|

t£S,r

i G
+ (VrBrS)T#(AerrrEr*)+(ZVtBtS)T#(AsrerEr*):|

t#£s,r

(ED)

Rearranging

G G G
Esr — (VSBSS)T#YSV + (VSL&Y)T#(A.W‘ZBrtht) + (VSLs.s')T#(Aer ZBI'tYm)
G
+ (VSLSS)T#(ASVZB}‘[YLS‘) + (VSLSS)T#(AsrBrsym)
#SG (Ela)
+ (VsLss)T#(AerBrsyst) + (VsBss _ VSLXS)T#(ASFXI”)

t#£s

G G G
+ (z VtBtS)T#Y.vr + (Z VtBZS)T#(Asreryrr) + (Z VtBtS)T#(AsrerEr*)

t#£s t#£s t#£s

Summing up all the G-1 trading partners, we obtain the decomposition equation of Country s’

gross exports to the world:

Es* — (VSBA‘S)T#iYSV + (V\L\\)T#(i AsriBrtYn‘) + (V\L\\)T#(i A.\‘ri ZG:Brthu)

r#Ss r#s t#s r#s 1#£S u#s,t

G G G
+ (VXLSS )T # (Z Axr Z Brth‘S) + (V.S‘LSX )T # (Z A.yrBrxy.sx)

e t#£s r#s

(E2)

r#s t#s r#s

+ [(VYL-“)T#(i A”i B"Y")+(V°B*” — VSL”)T#(ZG: AS’X’)}

+ (ZG: VtBIS)T #ZG: Y.vr + (ZG: VtBtS)T#(ZG: A.errrYrr) + (ZG: VtBtS)T#(i AsrerEr*)

t#£s r£S t#s rE£S t#£s r#£S
As a sum of domestic value-added in gross exports to all other G-1 countries, and combine the

27 and the 3" | the 4™ and the 5%, as well as the 6™ and the 7™ terms respectively, the first 10

terms that decompose Country s’ domestic value-added in equation (18) of the main text reduce to 7
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terms without separation of direct importer and third countries. Similarly, the last 6 terms in equation
(18) of the main text that decompose foreign value-added in bilateral gross exports are summed to
three terms with no distinction between direct importing country and third countries.

Summing up equation (E2) over all sectors, we obtain following equation:

G G G G G G
UE" =V B Y Y T4V LY ATY BUY 4 VLYY AT BT Y Y™

rES r#s 1#£s r#s 1#£s u#s,t
+ VSLssi AsriBrtYm + Vchsi AsrBrsyss
r¢; t%; r#S . (E3)
+ {VSL“ D AT BUYT V(BT L)) A‘V’X’}
’ r#s . t#s . . r#s ) .
+ z VtBtsZ Y+ ZVIBISZ ALY + z VtBtsZ AsrerEr*
t#£s r#s t£s r#s t#£s r#s
G G G G
Because » A" B" = A" B"
r#s t#£s t£s r#s
Therefore,
G G G G
VSLSSZASI‘ZBI‘tYn — VSLSSZAstZBtrYrr
r;s tzs . t#s . r#s . .
VSLSSZASI‘ZBFI Zytu — VsLyszAstthr ZYru
r;s tzs u#s,t . t#s . r#s u#s,r
VSLVSZ AerBrtYm — VSLSSZ AstthrYrs
r#Ss t#S§ t#S§ r#S
So, equation (E3) can be re-arranged as
G G G G G G
uEs* — VsBsszYsr + VSLSSZ AstthrYrr + VSLSSZASIZBW ZYW
. r:t; t#s . r#s t#s r#s u#s,r
+ VSLSS z Axt Z Btryrs + VSLSS z A BYSS
t;tsG s ) s . (E4)
+ {V‘L‘“ D ATBYY YU +V(BY - L)) A‘”X’}
r#Ss t#s t#s

G G G G G G
+ Z VtBtsz Ysr + Z VtBtsz Asreryrr + Z VtBtsz AsrerEr*

t#s r#Ss t#s r#s t#s r#S

Based on the definition of global Leontief Inverse matrix, following identity holds:
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I_All _AIZ . _AIG Bll B12 . BIG I 0
A4 g% ... _ 4% | g» p® ... B¢ 0 7/

_1;4G1 _IéGZ ”: I_;4GG B’Gl B.GZ ._: B.GG O 0
Bll B12 . BlG ]_All _A12 . _AlG
BZ] 322 . BZG _AZI I_A22 .. _AZG

B.Gl B.G2 B.GG _I;IGI _1;162 ]_;4GG
From (E5) we can obtain following two equations:
G

(I_ASS)Bsr _zAstBtr =0

t#s

G G
(]_ASS)Bss_zAsrBrs:I:BSS(I_ASS)_ZBSVAVS
Re-arrange equation (E6) and (E7)

G G
Bsr — (I_A.\'S)—IZA.HBD‘ — LSSZASI‘BI‘V

r#S r#s

LS‘SZG:ASVBVS — BSS _LSS — ZG:BSVAFSLS‘S

Because L, B and A" >0, Therefore B* —L* >0.
Inserting equation (E8) and (E9) into equation (E4)

W =V By YT VY B Y BT Y Y By

+V* i BYA"LYY® +|V* i BT A"LY i Y +v® i BS"A”L”ZG: A”X’}
. r#S . . r¢sG t#s . r;ﬁsG t#£s

+D VB YT Y VIBEY ATLTYT Y VB Y ATLE”
t#£s r#£Ss t#£S r#£S t#£s r#£Ss

Re-arrange

UE* = VSB“iY” + VSiB”Y”' + VSZG:B” iy’” + VSZG:B”Y”

r#Ss r#Ss r#s U#S,r r#s

+ VsiBsrArsLs.sts + VsiBsrArsLssEs*

r#Ss r#Ss

G G G G G G
+ z VtBtszYsr + Z VtBtsZ ALY + Z VtBtsZ AsrerEr*

t#s r#s t#s r#s t#s r#Ss
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It is exactly the same as equation (36) in KWW.

Table E2 Comparison of the 16 terms in Equation (21) and the 9 terms in Equation (36) of

KWW.
WWZ KWW
Equation | Equation Description
21 36
T1 T1 Domestic Value Added exports in final goods exports
T2 Domestic Value Added in intermediate exports for
T3 T2 production of all other countries” domestic used final goods.
WWZ separates direct importer and third countries
T4 Domestic Value Added in intermediate exports used by
TS T3 producing final exports to the other countries. WWZ
separates final exports from the direct importer and third
countries.
T6 Returned Domestic Value Added in final goods imports from
T7 T4 the other countries. WWZ separates final imports from the
direct importer and third countries.
T8 TS Returned Domestic Value Added in intermediate imports
T9 Double counted Domestic Value Added in gross exports.
T10 T6 WWZ separates double counting due to final and intermediate
exports production.
T11 Foreign Value Added in exporting country’s final goods
T14 T7 exports. WWZ separates FVA from direct importer and from
third countries.
T12 Foreign Value Added in exporting country’s intermediate
T15 T8 goods exports. . WWZ separates FVA from direct importer
and from third countries.
T13 Double counted Foreign Value Added in exporting country’s
T16 T9 gross exports. WWZ separates FDC from direct importer and
from third countries.

Appendix F: Relationship among forward and backward linkage based trade in value-added

measures: 3-country, 2-sector case
Without loss of generality, define vax _ f,” as value-added exports based on forward industrial

linkage by the first sector of Country s (producer’s perspective) to Country r, then
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Vax_fisr — I/lsBS,szr + I/ISBerrr + V'lsBster

bSS bSS sr bSV bsr rr bSt bSt tr
b DLl ol DL ot ] F1)
by by |y, by, by | s by, by || ¥
N N N
s Ss Sr s Sr rr s st tr
= D by v bV v Y by
J J J

Where V' = [vf 0]. The three terms in equation (F1) represent three different ways that

value-added created from the 1% sector of the source Country s is absorbed by the destination
Country r: The first term is sector 1’s value-added embodied in Country s’ final goods exports (of
both sectors) consumed by Country r, the second term is sector 1’s value-added embodied in Country
s’ intermediate goods exports (of both sectors) used by Country r to produce its domestic final goods
and consumed there. The last term is sector 1’s value-added embodied in Country s’ intermediate
goods exports (of both sectors) to third Country t and used by t to produce final goods exports to

Country r.
Denote vax _g;" as Country s’ value-added from all sectors embodied in sector 1’s gross

exports to Country r, which is the sum of first five terms in equation (18) in the main text:

Vax_ givr — u[(VSBxx )# Ylsr] + u[(VsLsx )#(AivrB)‘ryl'r )] + u[(VxLA'S )#(AlsrBrtytt )]
+ u[(VsLs.\' )#(Al.\'rBrrYn )] + u[(V.\'Lss )#(AlsrBrthr )]

b Ss b AN Sr l AN l AN sr Sr b rr b rr rr rt F2
S e e F e [ ™
b2] b22 0 121 122 O 0 b21 b22 y2 yz
e off £ T S
Ly 1] 0 0 by by ||l>) be)

N N
= by + VI + O + Vi)Y arhy (] 4v))+ O+ i Y asby (0 + )
J J

sr

Where V" = [y (1) ]AI‘”’ = {a(‘)l a(l)z}and A" = [ao“ a(‘)z] Equations (F2) is the only value-added

trade measure that is consistent to bilateral gross trade flows (forward linkage based value-added
export measures divert from bilateral gross trade flows due to either indirect exports through other
domestic sectors or indirect exports through third countries). The difference between 3-country
model and 2-country model is obvious, since (F1) not only includes value-added exports from
Country s embodied in its own gross exports to Country r (second term), but also include

value-added exports by Country s embodied in its gross exports to third Country t, but finally
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absorbed by Country r(last term), while (F2) only concern value-added embodied in Country s’ gross
exports to country r that will stay abroad, regardless these value-added is finally absorbed by

Country r or by other third countries.
Denoterdv_ f;" as the 1% sector’s domestic value-added in the Country s’ exports to Country r

that is retuned and absorbed in Country s ((producer’s perspective, forward linkage based).

},.dv_flsr — I/'ISLSSASVB;-ryrS + VISLYSAsrBrtYm + I/'I.S‘LssAsrBrSYSS

~[u 0{4‘2‘ lf;}{af: af;Hbfr b{;}{y;"‘Hbﬁ b{;}{nyb{f b{g‘}{yi‘} (F3)
- 1 ss Ss Sr Sr rr rr rs rt rt ts rs rs AN
Li Iy ay ax|||by by by by | ¥ by by | v
And Denoterdv _g," as Country s’ domestic value-added from all sectors in the 1% sector’s

gross exports that is returned and absorbed in Country s (user perspective, backward linkage based).

rdv_glﬂ — u[(VS‘LS‘S' )#(AIVI‘BFVYVS' )]+u[(VYLYY )#(AIW'BI‘[YH )]+u[(V§LS‘Y )#(AIVI‘BFYY\‘S‘ )]

. {lff lfﬁ}{df? Hb b{g}{yr‘?Hb{f b }{y{“Hbﬁ 8 }{yﬂ (F4)
- 1 2 ss AN rr rr rs Fi b A) rs rs Ss
Li L]0 0 ][5y byl by by | s by, by | ¥
With these two value-added trade measures precisely defined in mathematics, we are ready to

proof following three propositions, which are summarized in four statements at the end of section 2.3

in the main text:

Proposition A: In a three or more countries world,vax g, and vax_f;" are not equal to

each other in general except under special restrictions. rdv_g;", and rdv_ f;” are also not equal

to each other in general. In addition, the following aggregation relations (1)-(5) always hold:

N N G G
sr sr . )
(1) vax _g; # vax _ f;-b , E vax_gl_” #* E vax_fl.sr , andzvax_gf’ ;thax_ff’
i=1 i=1

r#Ss r#Ss

G N G N N N
(2)ZZvax_fi” = ZZvax_gf’ 3) Zrdv_ﬁ” :Z”dv_gfr and
i=l i=1

r#s i=1 r#s i=1

G N G N
ZZrdv_fi" :zZm’v_gi”

r#s i=l r#s i=l

(4)irdv_gf’ # irdv_fi" ,i dva _gi" # i\: dva 1", andidva_gf’ # idva_fi"
i=1

r#s r#s i=1 r#s r#s

(%) iidva_fi” = iidva g’

r#s i=l r#s i=l
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Proposition B: In a three-country or more countries world, vax g and dva g;"is always

less than or equal toe”, the sector level gross bilateral exports. Therefore domestic value added

absorbed abroad to gross exports ratio is upper-bounded at 1, i.e. Y-8  _da_g" _ when e > 0.
ei\'r exr

i i

Proposition C: vax f’ and dva f are always less than or equal to sector level

l

G G
value-added  production, i.e. vax_f"=>vax_f" <dva_f" =) dva_f" <vx; . Therefore,

r#s r#Ss

vax_Jfi . dva_fl. <1,i.e.both vax fand dva f to GDP by industry ratio is upper-bounded

vix; vx!

at 1.

Proof:

The difference between vax f"and vax g,” is not so obvious if we compare equations (F1)

and (F2) directly, so we first transform equation (F1) by using following properties of Leontief

Inverse matrix:
I_ASS _Asr _ASI BSS Bsr BS[
From _Ars I_Arr _Art Brs Brr Brt —
_Ats _Atr I_Att Bts Bl‘r Blt

S O N~
S~ O
~ O O

We have:

(I-A")B" —A"B"—A"B" =0; (I-A")B"-A"B"-A4"B" =0

Rearrange:

B =L"A"B" +L"A"B"; B"=L"A"B"+L*"A"B" (F5)
Inserting equation (F5) into equation (F1) and re-arrange, we obtain:

vax—f{sr — V'ISBSA'YS}' + V]XLSSAS"BWY" + V]A\'LssAstBtrYrr + VlsLssAsrBrthr + VvlsLs.x‘AstBnYtr
i O{bff bfi}{yf’}[vs O{Iff lfﬁ}{aff Hb b;‘;}{y;’Hbﬁ b }{y:f}(m
- 1 sS 55 sr 1 ss 5§ sr sr rr rr rr F F r
by, by | » Ly Lylay ay||[by byly bztl bzé y;
Colm e @ e sl
+[V1 O:‘:zu Zss st st btr btr 123 + btt btt tr
2 b |[dy Ay b Dy ) e Dy W
Comparing equations (F2) and (F6), the two measures have the same BY block matrix and same

block local inverse. However, Equation (F6) only include value-added from the 1% sector of Country
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s, including 1 sector’s value-added embodied in its 2" sector’s final and intermediate exports, while
equation (F2) only measure Country s’ value-added embodied in its 1% sector’s final and intermediate

goods exports to Country r, regardless the value-added come from which sectors.

The difference between vax g"and vax f;" equals

) bSS bSS B Sr bSS bSS
v g —vax =] vz[‘; Li} v }—[v: o[ i :i}
bZl b22 L 0 bZl b22

SS AN r Sr Sl‘_ B rr rl'__ rr_ B rt r[__ tr_
+[O v Ly Iy |lay ah ]| by by | 4 by, b, | n
2 lss lss 0 0 brr brr rr brt brt tr
21 o |l | D1 n 1 Vr 1 P O V2 |

ne o{li { l{{] 0 0 { S R b
lZl 122

(F7)

sr . r rr rr rt rt tr
L%y Ay | _bzl bzz__yz ] _b21 bzz__yz ]
ss ss sr sr " e [ Lot t vt [
n [vs v Ly Ih|a) ayl|]|by b || v + by b n
1 2 lss lss O 0 brr brr rt b rt brt It
21 b bt D | bt O |l Vs

I O{fo lfi}{afi afé} {bx bﬂ{yerbﬁ bf;}{y{’}
1 Ss Ss S N r r rr r
Ly by llay an||[bn b |y by, by, || v

Where the first two positive terms in equation (F7) represent value added created by the 2

sector of Country s embodied in the 1% sector exports from Country s to Country r and consumed in r.
The first two negative terms represent value added created by the 1% sector of Country s embodied in
the 2" sector exports from Country s to Country r and consumed in Country r. The final positive
term represent value added created by Country s (both sectors) embodied in the 1% sector exports
from Country s to Country r and consumed in third Country t. The final negative term represent
value added created by the 1 sector of Country s embodied in exports (Doth sectors) from Country s

to third Country t and consumed in t. These positive and negative terms are should not equal each

other except very special cases, so vax__g,"and vax_ f,” do not equal each other in general.

Similarly, the difference between vax g, and vax f," equals
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‘ bs b M 0 b
N T Wi v O i
21 22 _y2 b2] b22

N O{Iff 155] 0 0 { b bl {yl LA

ss s rr rr
ZZ 1 l22 L bZ 1 b22

_ [O . {lels Iy, } ay  ap { by blrzr y i by} blrzt y 1 }
2 SS SS rr rr rt ri
Ly 1 by, bzz J’2 _b21 bzé yz (F8)

lss lss 0 brl brr brt brt

o by an ax b1 Dy bt D

lss lss st st btr btr rr btt btt
SO e e H;; ol }}

21 b |4y dp o by | s b1 Dy

Where the first two positive terms in equation (F8) are the first two negative terms in equation

s _bzri b;;_ yz_

(F7) exactly, and the first two negative terms in equation (F8) are the first two positive terms in

equation (F7). Therefore, when we aggregate over sectors, the difference between vax g’ and

vax _ f;"" will partly cancels out.

(vax _g"+vax g )—(vax_f" +vax _f,") =
be v hy by fan an |} bn b | v | B B | T
vl Vz lss lss sr sr brr brr brt brt 1 (F9)
21 b |9 dp b Ly b1 D | )2
_[vs Vs{lff Iy :||:all alsé} {b{: bfg}{y{r}_i_{bﬁ bfﬂ{ylﬂ}
1 2 S8 S s s r r - ,
Ly byllay an||[bn by by, by, || ¥
Where the first term (positive) represents value added created by Country s embodied in
Country s’ intermediate exports to Country r and absorbed in third Country t. The second term
(negative) represents value added created by Country s embodied in Country s’ intermediate exports

to the third Country t and finally consumed in r. These two indirect value-added exports via other

countries (the positive and negative terms) should not equal each other except very special cases, so

(vax _g" +vax g, )and (vax_f” +vax _f,")do not equal each other in general. i.e.

N N
Z\/ax AR Z vax _g;" due to indirect value-added trade via third countries.
i=1 i=1

Similarly, the difference between (vax g +vax g;)and (vax_f" +vax_f,) equals
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(vax g +vax _g)—(vax_f" +vax_f)")=
b Byobyllay an )| By b | v | By B | v
Vi V2 58 ss st st tr tr + t t tr (F 1 0)

Ly Iy ay ax||[b by ]lyy by, by |y
_ [VS v {l;f lv;}{an ap; }{{bﬁ by, }{y{t} n {bﬁ by :||:yln }}

1 21 gss s sr sr rr rr r r r
Ly bhla) an||[bn b )lyy by by | vy

Compare equations (F9) and (F10), the difference between (vax g" +vax g,") and

(vax _f" +vax_f,") is exactly the same as the difference between (vax f" +vax f,") and

(vax g +vax g5, therefore, when one aggregate the two measures over both sector and trading
partners, these difference in indirect value-added trade via third countries cancel each other. i.e.

vax g +vax_ gy +vax_g'+vax_g) equals vax_f" +vax_ f,)" +vax _f" +vax_f,'.

Similar to equation (F7), we can obtain the difference between vax g and vax f;" as
by by yf’} b o {bff b:;}{ }
Ss A 1 Ss Ss
bZl b22 L 0 bZl b22
AL
w b | vi ] by by
S i O (N |
_[Vl 0 s 7ss st st r tr P 1 (F11)
I3 lzz__am a ||| b3 bzz b21 bzz L
e off 5 bﬂ[ o o] }}
12 Al 122 0 0 b2 1 b22 b2 1 b22
e O{Zﬁf lfi}{af{ af;Hbrr b{‘;}{yerﬁ br;} yq}
1 Ss ss sr Sr rr rr Fi Fi Fi
Ly byllay an |05 by | v by, b}, _yé’

Comparing equation (F7) and (F11), we can see that only the last terms can be partly cancelled

vax _g'—vax_f" = [O v;{

sS sS m st st
+[0 v 1:]11 I | a12:|
b

Ly 50 0

| I |

out when aggregate vax g/“and vax f™ over trading partners, other terms will be fully

reserved.
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(vax g +vax _g")—(vax " +vax _f")

iy bf’i}[yf’ ) }_[VS O{bf’i" b:';}{ 0 }
S8 58 1 S8 S8 sr s
b21 b22 0 b21 b22 y2 + y2t

e H byob; {y{" MR {y}
notmlo o lles ey Len bnlr

[0 V5

+[O V5

Ss SS_ rr rr__ V"_ _rt rt__ tr
Iy 1 0 0 bll by || 7 biy b | n

ss Ss sr S
Ly L lay ay

S } {b{: bfﬂ yerbfa b yl}
SR || s R A

{l{‘i" o o {bﬁ e e B

rr rr rr rt rt tr
bzl bzz_ B _b21 bzz_ B2

S8 S8 st st tr tr rt tt 1t
L 122_ ay ay ||| by bzz__yz i _b2] bzz__yz

rt rt rt
Yo _b21 bzz J’2
brr brr rt ] _brt brt
1 12 | N 1 12 yl
rr rr rt rt rt
bzl bzz__yz_ _b21 bzz yz

oo o 1

Ss S sr L
Ly Dy lay ax

Ly b 0 0 {bz’f by ]

(F12)

w1 ey a6 b {y{f A B }

iy | } [bfi b{ﬂ yerfa bfé} W
honsloo o Jl[eh vh ey ] B by

I 0{1{‘? o } {b{? b, yr’} . {bﬁ b yr}
1 S8 S8 s S tr r rr t t r
Ly 1] _aztl as, b;, béz__yz b3, bztz_ _y;

In the right side of equation (F12), all positive terms represent value added created by the 2™

sector of Country s embodied in the 1% sector exports of Country s and consumed abroad, all

negative terms represent value added created by the 1% sector of Country s embodied in the 2™ sector

G G
exports of Country s and consumed at abroad. Therefore, Zvax_gi” # 2vax_ f" except very

rES r#S
special cases.

Similarly, aggregate vax _g,"and vax_f;* over trading partners,
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(vax gy +vax _g)—(vax_f," +vax _f;")

by b:;}{ ° 1p {b bf’é}{yﬁyq
Ss §s sr s 2 §s §s
by by | ¥ + ) by, b3, 0

oo offen e [en e yf’}
LA B N B

ss ss [ sr sr_ [y e L] [t ] tr
Ly Ly ) alz{bll b, | v by by, |y

SS sS sr s
121 122__6121 a22_

+
Ss SS rr rr rr rt rt tr
L 122_ 0 0 b;, bzz__ b;, bzz__yz

oo odffar by

SS Ss S S
Ly bylay a
7 A
by, || v

Yy |
t

e
16 b5 )Ly
yl

ll‘}_l— it tt

V2 bzz__)’z

{ {{i A yﬂ}
m bl ys
\ ZSS ls.s‘ ] _ast ast btr btr .- 1
_[0 V2:1: 1'1‘ 12 11 12:|{|: ll‘ 12 ) |: lttl :|}
21

Ss Ss Bl
A AN 0 0
Ss A sr R
Ly Ly |a ay ]

+
rr rr rt rt rt 111
b;, bzz__Yz | _b21 bzz__yz

o b o] [en s ot F13)
S BN

o P‘f i | e a:';} [b:: s yq {b{i s yq
2 SS SS T T rr '
L 122__ 0 0 bél béz__yz b;l bgz__y;

In the right side of equation (F13), all positive terms represent value added created by the 1%

biokslo o J|[en ki
A P {y{f
A PR L e

Ly 150 0
oo o

sS S8 st
Ly DLyllan ax]

SS ss__ sr sr_ T rr__ rt_ rt rt_ it
v Ly Ly | a) alz{bu by |y by b, | n

sector of Country s embodied in the 2™ sector exports of Country s and consumed abroad, all
negative terms represent value added created by the 2™ sector of Country s embodied in the 1 sector
exports of Country s and consumed abroad. Therefore, adding up equation (F12) and (F13), the

difference will be fully canceled out.

The difference between rdv _g"and rdv_ f” equals
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rdv_g" —rdv_ f”

b {lff lfzs}{aff } {b b;‘;}{yerb;‘f br;}[yfbeﬁ b(i}{yl”}}
e 21 gss ss rr rr rs 7 7 s rs rs ss
Ly L]0 0 by, by | s bza bzé y; by by || v

ZSS Z‘\“Y__asr aSr_ _brr bl‘r_ rs_ _bl‘t brt__ tS_ _brs brs__ SS_
_[Vs 011:11 12 | % 13 1 Y [N S|P Pe M | P g

Ss Ss sr rr rr rs rt rt ts rs rs Ss
Li byllay axn|||by bunlyy] by bullys] [bay by lys _}

ss SS_ Sr SV_ B rr "r__ KY_ [ rt r[__ tS— B rs rS__ SS_
_ [0 VS{III Iy {an ap )| by b |y by by || » by by | n }
= S

0 O

SSs sS rr rr rs rt rt ts rs rs sS
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e 0{!:{ o o {b{f by {yr‘ I E A
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Similarly, The difference between rdv gy and rdv_ f;" equals

rdv_g) —rdv_f)'
o offf 50 Y ST SPiE ST e
s 122__(121 a ||| by bzz_ Y by, bzz__yz by, bzz__)’z
v {lf‘f by | e afé} {b{: b{;} y{‘*} N {b{f s y?} N {b{f s y}}
2 S§ Ss rr rr rs Vi rt A rs rs S§
15 122__ 0 0 by, b L V2 bzi bzz__yé b3, bzz__yz

Compare equations (F14) and (F15), the positive terms in (F14) are exactly the same as the

negative terms in (F15). Therefore, when we aggregate over sectors, the difference between

rdv g’ and rdv_ f" will cancels out, at bilateral aggregate level:
rdv_ g +rdv_gy =rdv_f +rdv_f;" or uRDV _G” =uRDV _F" (F16)

Similar to equation (F14), the difference between rdv_g'and rdv_ f" equals

rdv_g' —rdv_f"
b Vs[lff lf‘é}{afi afé} {bfi by ylrsHbﬁ b nybfi b, yﬂ F17)
- 2 SSs SSs r r rs A A A S

L 1,0 0 by, b£2__y2 by, bétz__y; by, béz__)’z

e O{m s }{ 0 0} {b{: by y;“Hbfa bf;} yfs}{bf‘i bf‘é} y:“}
1 S5 S5 st st 7 r rs s s s S8
Ly 1y lay axy b;l béz__yz bgl bgz _y; bél béz B2

Comparing equation (F14) and (F17), we can see that all terms are fully reserved when

aggregate rdv_g'and rdv_ f over trading partners. Therefore, RDV G #RDV _F* | ie
G G
Zrdv_gf’ # Zrdv_fi” .

At country aggregate level
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uRDV _G* =uRDV _F*

G G G G
— VSLSSZAS"BH”YVS +V5LsszAsr ZBrths +VSLSSZASI‘B}”SYSS
F#S r#S t#s,r F#S
o o o (F18)
— VSLSSZASVZBrtYm +VSLSSZAsrBrsysS
r#Ss t#s r#s
G G G
— Vs ZBxlyts + Vs (Bss _ Lss )Yss — VS ZBerrs + Vs ZBsrArsLx.&‘Ym
t#s r#S r#s

At country aggregate level, RDV_G** and RDV_F*" are equal to the sum of the 4™ and 5" terms
of Equation 36 in KWW.

DVA G equals the sum of VAX G* and RDV_G*, and DVA_F*" equals the sum of VAX F* and
RDV_F* by definition, while we already show VAX G and VAX F are equal only at country
aggregate level and RDV G* and RDV Fare equal at bilateral and country aggregate level,
therefore, DVA G and DVA F" are equal only at country aggregate level. i.e

G
2

rES 1

dva_f" = iidva g’ holds.

2
=1 r#s i=1

By proof of proposition A above, the relationship among the two measures of trade in
value-added and the two measures of domestic value-added embodied in gross exports are made

clear analytically. Then, the proof of proposition B and C is straightforward.

Because vax g/ is the sum of the first five terms and dva g;"is the sum of the eight terms

in equation (18) of the main text by definition, 1. e. vax g’ and dva g;" are always part of e
vax_g;" _ dva g,
eivr eTvr

1 1

and vax g <dva g <e, therefore,

<1 always holds. i.e. Proposition

B is valid.

From equation (F1), the definition of value-added exports based on forward linkage, we have

G
vax_f" = vax _ [ =vax_ [ +vax_ [

u#s

— ‘ViSBssysr + I/iSBsryrr + I/iSBSthr + ViSB.S'.szt + I/iSBerrt + V;SBStht (F19)

=V B (YT +Y" )4V B (Y +Y")+V B (Y +Y")

Where Vl.s=[0 ER VA 0] isan N by 1 vector.

1

Based on the definition of value-added (GDP) by industry, we have
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GDP’ =vix; =V'X’

=V'B (Y " +Y" +Y")+V'B" (Y +Y" +Y")+V'B*'(Y" +Y" +Y") (F20)
Subtract equation (F18) and (F18) from (F20)
G G
GDP’ — Z vax _ f™ —Z rdv_ f™
= VI.“'B““'(YA““‘ +Y7+Y) + VB (Y™ +Y" +Y")+V'B'(Y" +Y" +Y") (F21)
—VBS (YT + Y )=V BT (Y + Y +) =V BI(Y" +Y") - VfL“i A”iB"’Y”
i
VLY 20
& ~su S su
Therefore, vax_f" = i"aX_fim < id"a _ S <v/x; =GDF’ and Z et < Edm - <1 ie.
uzs uzs vix! vix!

Proposition C is proved.

To help reader better understand our decomposition method, we provide a numerical example below
to illustrate various concepts discussed in section 2 of the main text.

Suppose a simple 3-country, 2-sector ICIO table as summarized in table F1 below:

Table F1 3-country, 2-sector numerical ICIO table

Intermediate Uses Final Uses
Gross
Country R
Ys \'d Yt outputs
Country Sector sl s2 rl r2 t1 t2
sl 1 1 0 0 0 0 9/10 1/10 0 3
S
s2 0 1 0 1 0 0 1 0 0 3
rl 0 0 1 1 0 0 0 1 0 3
R
r2 0 0 1 1 0 0 0 1 1 4
t1 1 0 0 0 1 0 1 0 0 3
T
t2 0 0 0 0 1 1 0 0 1 3
Value-added 1 1 1 1 1 2
Total inputs 3 3 3 4 3 3

Gross exports (E) can be decomposed into gross intermediate exports (EI) and final good exports
(EF).
1/10 0]

E=EI+EF =

(=T — i =R e R )
S O - O O O
S = o O o O
S O O o o O

1
(== S R == = R )

S O o o = O

S O O o O
S O O o =
S O = O O
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The direct input coefficient matrix A, Global Leontief inverse Matrix B, Local Leontief inverse

matrix L, and direct value-added coefficient vector V can be easily computed as

/3 13 0 0 0 0 [3/2 3/4 3/20 3/10 0 0

0 1/3 0 1/4 0 0 0 3/2 3/10 3/5 0 0
4 0 0 1/31/4 0 0 5 0 0 9/5 3/5 0 0
100 1/31/4 0 0 o0 45 85 0 0

/3 0 0 0 1/3 0 3/4 3/8 3/40 3/20 3/2 0

00 0 0 1/3 1/3] 13/8 3/16 3/80 3/40 3/4 3/2]

[3/2.3/44 0 0 0 0

0 32 0 0 0 0

0 0 9/53/5 0 0
L= v=[/3 1/3 1/3 1/4 1/3 2/3]

0 0 4/58/5 0 0

0 0 0 0 3/2 0

100 0 0 3/4 3/2

The block direct input-output coefficients matrixes
Name A% A" A"
Block 1/3 1/3 0 0 0 0
matrix 0 1/3 0 1/4 0 0
Name A® A7 A"
Block 0 0 1/3 1/4 0 0
matrix 0 0 1/3 1/4 0 0
Name A® A" A"
Block 1/3 0 0 0 1/3 0
matrix 0 0 0 0 1/3 1/3

The block global Leontief inverse matrixes:
Name B* B B
Block 3/2 3/4 3/20 3/10 0 0
matrix 0 3/2 3/10 3/5 0 0
Name B® B” B"
Block 0 0 9/5 3/5 0 0
matrix 0 0 4/5 8/5 0 0
Name B* B B"
Block 3/4 3/8 3/40 3/20 3/2 0
matrix 3/8 3/16 3/80 3/40 3/4 3/2

The block Local Leontief inverse matrixes
Name L* L” L"
Block 3/2 3/4 9/5 3/5 3/2 0
matrix 0 3/2 4/5 8/5 3/4 3/2
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The block Value Added Coefficients Vectors

Name Ve

P

Vectors | 13 | 13

1/3

1/4

1/3

2/3

Based on equations (15) in the main text, the total value added coefficients or value added

multipliers can be computed as

Name V°B* V'B” V'B"
Vectors | 12 | 34 45 | 355 T
Name VL VL VL
Vectors | 12 | 34 45 | 355 T
Name V'B* V'B" VB
Vectors o | o 120 | 110 o | o
Name V'B® VB V'B"
Vectors | 12 | 14 320 [ 3710 o | o

Based on equation (11) in the main text, Country s’ intermediate exports to Country r can be

split into following 8 parts:

. 0 9/5 3/5|1
AS}"BV}Y}”V_
4/5 8/5|1| |3/5

0 1/4

0 0‘
A?)Brtht
0 0 [9/5 3/5
TrBrrY}’l
0 1/4|4/5 8/5
0 0
?rBrtYn
L vala ol
0 [9/5 3/5
AS}’B}”}’Y}”S —
0 1/4]4/5 8/5
0 oo of1
AsrBrtYm —
0 1/4]0 __o}
0 0 [ ‘9/10
AS}’BFS YSS —
0 1/4]0 0] 1
N ‘ 0 o01]o
ASVBIS(YSV+Y6t)=
0 1/4]0

17lo
M o
o
Lo/
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Adding up the eight ABY terms above, we obtain Country s’ intermediate exports to Country r:

| [0}
EI" =] |
1

Based on equation (14) in the main text, Country s’ intermediate exports to Country r can also

be split as
) 0 0 ]9/5 3/5]1 0
ASI’LI}’Y}’I’: —
0 1/4)4/5 8/5]1] [3/5

.o o0 19/5 3/5]0 0
AS}”LV}EV — —
0 1/4]4/5 8/5]1] [2/5

Applying decomposition equation (18), we can fully decompose each of the three countries’

gross bilateral exports into the 16 value-added and double counted components as reported in table

F2. Detailed computation is listed below:

v v [12] 1101 (1720
S e PO IS b

Ty =LY #(aBry)= B//ﬂ# {3(/)5: B :9/020}
R B// ﬂ#{g} _ g
=L #lavsry)- Biﬂ# {2(/)5: N :3 /010}
s N

1/2].[0] [o
T =1 #larBry)= {3/4}#{0} = M

1/2].[0] [o
Ty =(ere ) #(ar By )= L/J#M = M
7 =) #(avBry)= {1/2 #m - H

3/4( 10 0
oot b



ny=ese -y e ”):{
g e m ) {1/10}
1y =(rB* ) #(arroy™)= m# {3(/)5} B m
1 =B Y e e = m# {2(/)5} = m
e AT
-t [0

o oo Tu21T o0 0|
Ty =B ) #larrE ){1/4}#{2/5}{1/10

Adding up the 16 components above, we can get the Country s’ sectorial exports to Country r,

b _ f / 10J'
1

Using equation 19-23, we can calculate the two measures of “domestic value added embedded

in gross exports” at the bilateral-sector level in addition to the two measure of value added exports .

5

G =31 r //Zﬂ o6 =Y T - f / 2OJ

) 3/4
A R ¢
VAX F* =V°B® Y“+VSB“Y”+VSZB“Y”

1/3 0 ]|[3/2 3/4}{1/10}[3/20 3/10}[1}{0 o}{o‘
0 1/3JIL 0 3/2] 0 3/10 3/5 |1 0 0]0

='1/3 0 | 3/20} {9/20} {1/3 0}[3/5}[1/5'
0 1/3]|l o 9/10 0 1/3/9/10 3/10]

Il
K_H
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4
DVA B FSI‘ — VAX - FSF + VSLSSASI‘Z Bl’tyts

:
_ [1/5} N {1/3 0 }{3/2 3/4}{9/5 3/5}{0}
3/10 0 1/3] 0 3/2]4/5 8/5]0
_[1/5}
3/10
In the same way, other bilateral trade flows can be fully decomposed as reported in Table F2
This example shows that one has to be careful about defining the VAX ratios at a disaggregated
level. If one were to use the definition based on forward industrial linkages proposed by Johnson and
Noguera (2012), 6 out of the 12 VAX ratios at the bilateral sector level would be undefined (positive
value added exports, but zero gross exports, the ratio goes to infinity, shown in Column 24 of table
F2). At the aggregate bilateral level, the same VAX ratio would be undefined in 2 out of the 6 cases
(rows ST and TR in Table F2). While the VAX ratio based on backward industrial linkage
(computed in column 19 of Table F2) we defined in this paper is always bounded between zero and
100% for all cases. Indicating it can be used as an inverse measure of double counting at any level of

disaggregation. Note that at the country aggregate level, our proposed measure coincides with the

other VAX ratio.
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Table F2: Gross exports decomposition results: 3-country, 2-sector numerical example

T1 T2 T3 T4 T5-T6 T7 T8-10 Ti1 Ti12-13 Ti4 TI15 T16 Gross VAX G % of RDV_G DVA_G % of VAX F VAX F RDV_F DVAF DVAF
exports VAX_G DVA_G J&N Ratio Ratio

SR1  1/20 0 0 0 0 0 0 0 0 1/20 0 0 1/10 1/20 50% 0 1/20 50% 1/5 200% 0 1/5 200%

ST1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0% 0 0 0% 1/10 0 0 1/10 0

RT1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0% 0 0 0% 1/5 0 0 1/5 0

RS1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0% 0 0 0% 0 0% 0 0 0%

TS1 1 7/10  3/20  1/20 0 1/10 0 0 0 0 0 0 2 19/10 95% 1/10 2 100% 17/20 43% 1/20 18/20 45%

TR1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0% 0 0 0% 1/10 0 0 1/10 0

SR 120 9/20 0 3/10 0 0 0 0 0 120 3/20 1/10 11/10 4/5 73% 0 4/5 73% 12 45% 0 12 45%

RT 3/5 0 0 0 0 0 0 1/10 0 3/10 0 0 1 3/5 60% 0 3/5 60% 3/5 60% 0 3/5 60%

TS 1 7/10  3/20  1/20 0 1/10 0 0 0 0 0 0 2 19/10 95% 1/10 2 100% 17/10 85% 1/10 18/10 90%

S 120 920 0 3/10 0 0 0 0 0 120 3/20 1/10 11/10 4/5 73% 0 4/5 73% 4/5 73% 0 4/5 73%

T 1 7/10  3/20  1/20 0 1/10 0 0 0 0 0 0 2 19/10 95% 1/10 2 100% 19/10 95% 1/10 2 100%
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Note: Description of Terms in Table f2

NO. Label Description
T1 DVA_FIN DVA exports in final goods exports
T2 DVA _INT DVA in intermediate exports to the direct importer and is absorbed there
DVA in intermediate exports used by the direct importer to produce
T3 DVA INTrex1 | intermediate exports for production of third countries' domestic used final
goods
T4 | DVA INTrex? DVA in Inte?mediate e.xports used by the direct importer producing final
- exports to third countries
T5 | DVA INTrex3 PVA in I.ntermediate exp?ns used l?y the direct importer producing
- intermediate exports to third countries
T6 RDV_FIN1 Returned DVA in final goods imports -from the direct importer
T7 RDV_FIN2 Returned DVA in final goods imports -via third countries
T8 RDV_INT Returned DVA in intermediate imports
T9 DDC _FIN Double counted DVA used to produce final goods exports
T10 DDC_INT Double counted DV A used to produce intermediate exports
T11 MVA_FIN Direct importer's VA in source country’s final goods exports
T12 MVA INT Direct importer's VA in source country’s intermediate goods exports
T13 OVA_FIN Third countries' VA in final goods exports
T14 OVA_INT Third countries’ countries' VA in intermediate goods exports
T15 MDC Direct importer’s VA double counted in exports production
T16 oDC Third countries’ VA double counted in exports production
VAX G Value Added Exports based on backward linkage
RDV G Returned DV A based on backward linkage
DVA G DVA embodied in gross exports based on backward linkage
VAX F Value Added Exports based on forward linkage
RDV_F Returned DVA based on forward linkage
DVA F DVA embodied in gross exports based on forward linkage

Appendix G: Derivation of Equation (24) in the main text

Based on equation (21) in the main text, VAX F* can be expressed as
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G
VAX _Fsr — VSBssysr + VSBSVY}’)’ + VS ZBSZYn’

t#s,r

B G
— VSLSSYSr + VSLSSASVBVSYSV + VSLSS ZAStB[SYSV}

t£Ss,r

- ) (G1)
+ ‘VSLSSAS}"B}”}”YI’T +VSLSS ZAS[B[}”Y}”}”}

t#£S,r

+ VSLSSASI‘ iBV[Y[r + VA'SLS‘S iASM iBu[Y[V}

t#s,r U#Ss,r t#s,r

Rearranging equation (G1)

VAX _FSV — VSLSSYSV + VSLSSAS}"iBrtYﬂ‘ + +VSLSS i AStiBlqutr

t#s,r u

G
— VSLSSYSF + {VSLSSAS"BI‘)‘YI‘V + VSLSSASI‘ ZBrtYﬂ‘ + VSLSSASFBVSYSI‘} (G2)

t#£s,r

+ {VSLSS i A.ﬂ'tBl‘}"Y}"r + VA'S-LSS i ASt i BfL{YI/Ir + VASLSS i AS[BISYSV}

t#£s,r t#£s,r U#S,r t#£s,r

Using equations (10) and (11) in the main text, we can decompose V¥*L*E® based on

forward industrial linkage in G-country world as follows.

VLS ET =P LY + I}SL”A”i i BY"
n n G t Au G G n G
— VsLssYsr + VSLSSA”Z Brtytr + V‘YLSSA” Z ZBqum + VsLssAsrzBrtYm
t t

tEs,r u

t#s,r

G
— VsLssYsr + |:VsLssAsrBrryrr + VsLssAsr ZBrtYn’ + VsLssAsrBrSYSI‘:| (G3)

t#£s,r t#£S,FUES, I t#£s,r

+ VSLSSASI’BVV iyrt + ‘VA'SLSSASV i iB}’MYM[ + ‘VASLSSASVBVS iyst}

t#s,r

B G
+ VSLSSASVBVVY"S +VSLSSASV ZBrtY[b +VSLSSAS}’BVSYSS}

The 1% term, V*L*Y* , measures GDP by sector of Country s embodied in its final goods

exports to Country r. The 2"-4" terms (the 1° bracket) measures GDP by sector of Country s

embodied in its intermediate exports to Country r and absorbed in Country r. The 5%-7" terms
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(the 2" bracket) are GDP by sector of Country s embodied in its intermediate exports to
Country r and absorbed in third countries (t). The 8-10" terms (the 3™ bracket) are GDP by
sector of Country s embodied in its intermediate exports to Country r and ultimately returned
and absorbed by Country s.

Therefore,

A

VSLUE" —VAX F
R G R G G R G G
— VsLssAer BrtYm + VSLs.vAsr Z zBmYm _ VSLSS Z A.vtthuyur
t t£S, 1 U t#£Ss,r u

i G
— VSLSSASrBrryrS + VSLSSASV ZBrlYm + VSLSSAS}”B}”SYSS} (G4)

t#£S,1r

+| VL A" B” i Y+ VLAY i i B Y" +V°L* A" B" i Y}

t#£S,1 1#S,FU#s,r t#£s,r

_ VASLSSiASlBWYW‘+VSLSS§AS[iBtuYIH‘+VASLSSiASlBlSYSF}

t#£s,r t#£s,r U#S,r t#£s,r

The 1% bracket in equation (G4) is GDP by industry of Country s embodied in its
intermediate exports to Country r and ultimately returned and absorbed home, which are

Country s’ returned domestic value added in its’ exports to Country r, we label it as RDV_F ™.

G
RDV_FS?‘ — VSLYSASI‘BVVYI‘S +VSL§'SASV BrlYtS +VSL§'SASVBVSYSS

t#s,r

o o (GS)
— VSLSSASI‘ZBI‘MYMS + VSLSSASI”BI”SYSS — VSLSSASFZBI‘MYHS

Uu+s

The 2™ bracket in equation (G4) is GDP by industry of Country s embodied in its
intermediate exports to Country r and absorbed by the third country (t). The 3™ bracket in
equation (G4) are GDP by industry of Country s embodied in its intermediate exports to the
third country (t) and absorbed by Country r. Summing up equation (G4) over all trade partners,
the terms in 2™ bracket and the terms in 3™ bracket will equal each other and are cancelled at

country-sector level.
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‘,;'SLSSiESr _iVAX_FSr

G - - ) G G G ) G G G
=Y RDV _F" +V'L"Y A" Y B" YY" =V'L* Y 4" B"> ¥
r;s A r;s g t#—cs;,l A t::,r Cl: r:‘;s (G6)
_ ZRDV _Fsr + VSLSSZ AerBru ZYut _ VSLSSZASIZBM ZYW
r#s r#s u 15,1 t#s u r#s,t
_ EG: RDV _F*
Rearranging equation (G6)
. G G G G
VSLSSZE”:ZVAX_Fsr+ZRDV_FSVZZDVA—F” (G7)

Therefore, DVA F or VLE based on forward linkage are equal VAX F + RDV F at
country-aggregate level.
We can also decompose V¥L¥E®* based on backward industrial linkage in G-country world

as follows.

G
(VS’L.\'S)T #Esr — (VSLS‘S’)T#YSI” + (VSLSS)T #(AsrBrryrr + Asr ZBrtYn‘ + AserYsr)

t#s,r

+(VSL.S.S)T#(ASV ZG:Bru iyul +A3‘i‘BV" iyrt +AS7‘BVS iY&'Z)

U#S,r t#£s,r t#s,r t#s,r

G
+(VSLSS)T#(AS"BVFYVS +ASV BrthS +ASVBVSYSS)
tz (G8)

G
— (VSLSS)T#Ysr + (VSLSS)T#(AsrBrrYrr + Asr ZBrtht)

t#£s,r

G G G
+(VSLSS)T#(AsrBrr Zyrt +Asr Brt Zytu)
t£s,r t£s,r u#s,t

G G
+(VSLSS)T#(ASVBI"‘YVX+AS" ZBrlYtS +ASVBI‘SYSS +ASVZBVSYX[)

t#s,r t#s

It shows that VLE can be decomposed into four parts: domestic value added embodied in
final goods exports, and domestic value-added embodied in intermediate goods that are finally
absorbed in the direct importing country r, returned to the exporting country s, and re-exported
to third countries t, respectively. Domestic value-added in these terms not only include
value-added from the exporting sectors, but also other domestic sectors that contributes to the
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production of a particular sector’s gross exports.

Based on equation (19) in the main text, VAX G can be expressed as

G
VAX B Gsr — (VSLSS)T#Ysr + (VSLSS)T#(ASVBV}”YF}‘ + Asr ZBrtht)
t#S,r

(G9)

+ (VSLSS)T#(ASVBI‘V i Yrt + ASI‘ iBrl‘ i Ytlt)

t#s,r t£8,r u#s,t

Where

(VSBSS)T#YSI‘ — (VSLS‘S)T#YSV + (VSBSS _ VSLS'S)T# Ysr
G (G10)
— (VSLSS)T#YSV + (VsLssAsrBrS)T#Ysr + (VsLss Z AstBIS)T#Ysr

t#s,r

Inserting equation (G10) into equation (G9)

G
VAX B Gsr — (VSLSS)T#YSF + (VsLssAsrBrS)T#Ysr + (VSLSS z AStBtS)T#Ysr

t#£s,r

G
+ (VSLSS)T#(AsrBrrYrr) + (VsLss)T#(Asr ZBrtYn)

t#s,r

G G G
+ (VSLSS)T#(AsrBrr ert) + (VSLSS)T#(ASI‘ zBrt zYtu)

t#£s,1 t#£Ss,r u#s,t
(G11)
Therefore

(VL) #E" -VAX G”

G
— (VSLSS)T#(AS}’BI‘I‘Y}'S) +(VSLSS)T#(AS}" ZB”Y[S)‘{‘(VSLSS)T #(AsrBi'sysS)

t#s,r

¢ (G12)
+ (VSLS.Y)T#(ASVBVSYSV)+(VSLSS)T#(ASV ZBVSYM)

t£8,r

G
_[(VSLXXASVBFS)T#YS)” + (V,YLSS ZASIBIS)T#YV]

t#s,r

The first three terms of equation (G12) are Country s’ returned value added in its’ sectoral

exports to Country 1, are exactly the sum of the 6M-8" terms in equation (18), we named it

RDV_G*.

G
RDV—G.W — (VSLSS)T#(ASrBl‘rY}’S) + (V,X‘LSS)T#(AS}’ zBrtYm‘) + (VSL,&‘X)T#(AxrBr.s‘YSS) (G13)

t#s,r
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The 4"-5% terms (in the 1° bracket) of equation (G12) are Country s’ value added in its’
sectoral intermediate exports to Country r and then returned Country s for production of its final
exports. The 6!"-7" terms (in the 2" bracket) of equation (G12) are Country s’ value added in its’
gross intermediate exports and returned Country s for production of its sectoral final exports to
Country r.

Therefore

VL) #E” —VAX G
G G (G14)
— RDV_ Gsr + (VSLSS)T#(AsrzBrsYst) _ (VsLssZASIBIS)T#YV

t#£s t£s

In 3-country and 2-sector case, the 1% sector of equation (G14) can be expressed as

VILYE —vax _g" —rdv_b"
_bswrﬁlﬂ{ﬁ @lw %lﬁ}{ﬁ %lﬁ %lﬁ}
- 1 2 ss ss rs rs sr rs rs st
Ly Iy 0 0 Jlby byy 0 0 by byly
_bsWYﬁlﬂ{ﬁ %[ﬁ @1ﬁq{ﬁ mlw mlwﬂ
1 2 RAS RAY sr sr rs rs st S Is A
Ly Inp||lay an by byl O ay ay | by by 0

(G15)

In equation (G15), the 1% term is domestic value added embodied in the 1% sector’s
intermediate exports from Country s to Country r and returned Country s for production of its
final exports from both sectors. The 2" term is domestic value added embodied in the Country s’
gross intermediate exports and return to Country s for production of its 1% sector’s final exports

to Country r. Obviously, the 1* term and the 2" term are not equal each other in general.

Similarly, the 2™ sector of equation (G15) can be expressed as

VLPE] — [vax_g‘z" + rdv_g‘;’]
_bswrﬁlﬂ{o Olw %ﬂﬁﬂ{o 01& @lﬁ} (G16)
- 1 2 Ss ss sr Ssr rs rs sr sr sr rs rs S
Ly In|[@n @y by by |y, ay Ay by, by J’2t
_V‘ﬂmlﬂﬁﬁaﬂpﬁmloyvﬁaﬂﬁi%lOH
1 2 55 58 sr sr rs rs sr st st ts ts 57
Ly Iyl|lan ay | by by ay Ay || by by | ¥

Summing up equation (G15) and (16)
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VLUE" —[uVAX _G” +uRDV _G"|

= [VSL”EIS’ + VSL”E;']— [vax_gl” +rdv_ b +vax _g; + rdv_bz”]
o],
by, || s
o],
by Lvs

I
=y

I
=y

Or

S8

vx ll 1
2 ls.v
21

l.vs

s 11
V2 1: l.vs
21

s

VS ll 1
2 lss
21

S8 ]
le
sS
122 i
Ss B
112
SS
122 |

55|
112

sS
122 J

B sr
ap

sr
K2

sr rs
ap :|{b11
Sr rs
ay | by
Sr rs
a, :|{b11
sr rs
a || by,

Sr rs rs
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uDVA _G” doesn’t equal to sum of uVAX G and uRDV G at bilateral aggregate

level

Summing up equation D15 over all trading partners,
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D> DVA_G* doesn’t equal to the sum of » VAX G and Y RDV_G” at

r#s

country-sector level
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Summing up the last two terms in equation D19 over all trading partners, we have:
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Table A3 WIOD Country/Region

S#r
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Label Country Label Country
AUS Australia IRL Ireland
AUT Austria ITA Italy

BEL Belgium JPN Japan

BGR Bulgaria KOR South Korea
BRA Brazil LTU Lithuania
CAN Canada LUX Luxembourg
CHN China LVA Latvia

CYP Cyprus MEX Mexico
CZE Czech Republic | MLT Malta

DEU Germany NLD Netherlands
DNK Denmark POL Poland

ESP Spain PRT Portugal
EST Estonia ROM Romania
FIN Finland RUS Russia
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FRA France SVK Slovak Republic
United .

GBR ) SVN Slovenia
Kingdom

GRC Greece SWE Sweden

HUN Hungary TUR Turkey

IDN Indonesia TWN Taiwan

IND India USA United States
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