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1. Introduction

As it has been widely recognized, the increasing offshoring or segmentation of
production across national borders has necessitated not only a framework to extract
exports of value added from the official gross exports data but also a framework to
quantify the structure of global production sharing. The official trade data do not reveal
such information directly. An active recent literature has been devoted to measuring
different aspects of international production sharing including Feenstra (1998), Feenstra
and Hanson (1998), Feenstra and Jensen (2009), Hummels, Ishii, and Yi (2001), Yi
(2003), Jorgenson and Vu (2011), Daudin et al (2011), Jorgenson and Timmer (2011),
Johnson and Noguera (2012), Stehrer, Foster, and de Vries (2012), Antras (2013), Antras
et al (2012), Baldwain and Lopez-Gonzalez (2013), and Timmer, et. al (2013), among
others. The key concepts proposed in these papers include vertical specialization (VS for
short) or its variations such as VS1 and VS1*, which are typically measured at the
country level but not at the sector or bilateral level, and value added exports (VAX for
short), which is typically measured at the country or bilateral level but not at the bilateral
sector level. The exact relationships among these concepts are established in a recent
contribution by Koopman, Wang, and Wei (forthcoming). A collection of papers in the
volume edited by Mattoo, Wang, and Wei (2013) represents some of the latest thinking on
the subject from both the academic community and international policy institutions such
as the World Trade Organization, the OECD, the World Bank, and the IMF.

In a survey of work on quantifying global production sharing, Antras (2013, Chapter
1) calls the VAX ratio — the ratio of value added that is exported and ultimately absorbed
abroad to gross exports, as proposed by Johnson and Noguera (2012) — the “state of art”
and “an appealing inverse measure of the importance of vertical specialization in the
world production.” However, the VAX ratio concept needs to be improved in two
important ways. First, as we will point out, the VAX ratio, as currently defined in the
literature, is not well behaved at either sector, bilateral, or bilateral sector level®. The key

to understanding this point is a distinction between a forward-linkage based measure of

! The VAX ratio at these levels is not upper-bounded by one. Indeed, it can take on the value of infinity when the gross
exports are zero. An alternative measure that arises from our framework will be naturally bounded between zero and
one at any level of disaggregation.



value added exports, which includes indirect exports of a sector’s value added via gross
exports from other sectors of the same exporting country, and a backward-linkage based
measure of value added exports, which is value added from all sectors of a given
exporting country embodied in a given sector’s gross exports. For example, a forward-
linkage based measure of exports of value added in US electronics sector includes that
sector’s value added embodied in US gross exports from automobile and chemical sectors,
but excludes the value added contributions from these sectors embodied in the gross
exports of US electronics. In comparison, a backward-linkage based measure of US value
added embodied in US electronics exports includes value added contributions from other
US sectors such as services and automobiles to the production of US electronics gross
exports, but excludes the value added contributions from US electronics sector to the
gross exports of other sectors such as US automobiles. Such a distinction is critical at the
sector, bilateral, or bilateral sector level (and hence the VAX ratio, which is based on
forward-linkages as defined in the literature, is not well behaved), but the distinction
disappears at the country aggregate level (and hence the VAX ratio is only well behaved
at this level). Since most international value chains are at the sector or country-sector
level, one needs a well-behaved VAX ratio at these levels too.

Second, the VAX ratio, even after it is properly re-defined, still does not capture
some of the important features of international production sharing. Let us consider a
hypothetical example: both the US and Chinese electronics exports to the world can have
an identical ratio of value added exports to gross exports (say, 50% for each) but for very
different reasons. In the Chinese case, the VAX ratio is 50% because half of the Chinese
gross exports reflect foreign value added (say value added from Japan, Korea, or even the
United States). In contrast, for the US exports, half of the gross exports are US value
added in intermediate goods that are used by other countries to produce goods that are
exported back to the United States. So only half of the US value added that is initially
exported is ultimately absorbed abroad; the US VAX ratio is 50% even if it does not use
any foreign value added in the production of its electronics exports. In this example,
China and the United States occupy very different positions on the global value chain but

the two countries” VAX ratios would not reveal this important difference. To provide the



additional information, our decomposition framework will go beyond just simply
extracting value added exports in a country-sector’s gross exports.

Koopman, Wang, and Wei (forthcoming, subsequently referred to as KWW) provide
a unified mathematical 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: The first bucket gives a country’s value added exports that is
absorbed abroad, exactly as defined by Johnson and Noguera (2012). The second bucket
gives the part of a country’s domestic value added that is first exported but eventually
returned home. While it is not a part of a country's exports of value added that stays
abroad, it is a part of the exporting country's GDP. The third bucket is foreign value
added used in the production of a country’s exports and eventually absorbed by other
countries. The forth bucket consists of so called “pure double counted terms” arising
from intermediate goods that cross border multiple times. Some of the terms in the fourth
bucket double count value added originated in the home country, while others double
count value added originated in foreign countries. Other measures of international
production sharing in the existing literature such as VS, VS1, VS1*, and VAX are shown

to be some linear combinations of the terms in KWW'’s decomposition formula.

While the KWW framework already has many useful applications (as discussed in
the KWW paper), an important limitation of the framework is that the decomposition is
only done at a country’s aggregate trade level, not at the sector, bilateral, or bilateral
sector level?. Major challenges exist to generalize the framework in that direction. In
producing exports in any given sector, not only value added from other sectors in the
same country will be used, but also value added produced by potentially all sectors in
other countries also need to be accounted for. Such an accounting framework has never
been developed in a comprehensive way before. This is our goal.

Generalizing the KWW approach to the bilateral/sector level is not a trivial exercise;
it cannot be achieved by simply applying the KWW gross exports decomposition formula

to bilateral/sector level data. Conceptually, domestic value added can be decomposed

? The calculation of domestic value added that is ultimately absorbed abroad can be done at the bilateral and
sector level. Indeed, some examples are given in KWW (forthcoming). However, the computations of the
other three components that could sum to 100% bilateral/sector trade flows are not done in KWW..



from both the producer and the user’s perspective. On one hand, domestic value added
created in a home sector can be exported indirectly through other sectors’ gross exports;
On the other hand, domestic value added that is embedded in a sector's gross exports can
include value added from other home sectors. These two concepts are different.
Mathematically, additional adjustment terms have to be derived to properly account for
other sectors/countries’ value-added contributions to a given country-sector’s gross
exports, in addition to properly measuring how that country-sector’s value-added is used
in its own intermediate and final goods exports, so that all its value added and double
counted components can sum to 100% of gross exports at the country-sector level. What
makes the earlier work (KWW) at the country aggregate level relatively easier is that the
difference between the decomposition from the producer and user’s perspectives
disappears after aggregating to the economy-wide level. A useful decomposition formula
also has to have the property that all the decomposition terms from the bilateral/sector
level gross export must be internally consistent so that they can sum up to the
decomposition equation given in KWW at the aggregate level.

This paper’s main contribution is to provide a new and comprehensive
methodological framework that decomposes bilateral sector level gross exports into
various value added and double counted terms. While it does not directly examine causes
and consequences of changing structure of vertical specialization, reliable measurements
made possible by such an accounting methodology are necessary for investigating these
research questions.

The paper is organized as follows. Section 2 presents a derivation of our
methodological framework, starting with some examples with two sectors and two or
three countries. The most general case of G countries and N sectors is presented in
Appendix H. Section 3 reports selected empirical decomposition results based on the
World Input-Output Database (WIOD) and discusses how bilateral/sector level gross
exports accounting results may help to measure international production sharing or a
particular country/sector's position and participation in global production network.

Section IV provides some concluding remarks.



2. Concepts and Methodology

2.1 Leontief insight and the decomposition of final goods and value-added
production

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

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

All gross output produced by country S must be used as either an intermediate
good or a final good at home or abroad, or

XP=AX +YS+ ATX Y rns=1,2 (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 goods produced in S, and A* is the NxN 10
coefficient matrix, giving intermediate use in R of goods produced in S. The two-country
production and trade system can be written as an ICIO model in block matrix notation

X S ASS ASI’ X S Y SS +Y sr
- + (2)
XI’ ATS Arr XI’ YI’S +Y rr
With rearrange, we have

XS B I_ASS _ASI’ -1 YSS+YSI‘ B BSS BSI’ YS (3)
Xr _Ars I _Arr YFS +Yrr BI‘S Brr Yr

where B* denotes the NxN block Leontief inverse matrix, which is the total requirement



matrix that gives the amount of gross output in producing Country S required for a one-
unit increase in final demand in country R. Y®is an Nx1 vector that gives global use of S’
final goods., including domestic final goods sales Y* and final goods exports Y*. The
intuition behind the Leontief inverse or the Leontief insight is as follows: when $1 export
is produced, a first round of value-added is generated. 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 can be traced to additional round 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 direct and all rounds of indirect domestic value-added generated from the $1 export
production process. Expressing this process mathematically using the terms defined
above, we have

DVS =V +VA+VAA+VAAA+...=V (I + A+ A + A’ +..)

=V (I -A)*=VB @

It can be shown that the power series of matrix Ais convergent and the inverse matrix
B = (1 — A)™" exists as long as A is in full rank (Miller and Jones, 2009).

Define V° as a 1xN direct value-added coefficient vector. Each element of V*
gives the share of direct domestic value added in total output. This is equal to one minus
the intermediate input share from all countries (including domestically produced
intermediates):

Ve =u[l - A* - A"] (5)
where u is a 1xN unity vector. When N=2, the corresponding inter-country input-output

(ICIO) account can be described by Table 1 below.



Table 1: 2-country and 2-sector ICIO table

Intermediate Use Final Demand
Country Total
S R gross
S R output
Country Sector 1 2 1 2
q 1 z)) Z; Z3 23 yr yr X;
Ss Ss sr Sr SS Sr S
2 221 ZZZ 221 Z22 y2 yZ XZ
rs rs rr rr rs 18 r
R 1 le 212 le ZlZ yl yl Xl
2 Zy Zp Zy Zp Yz Y2 X2
Value-added va; va, va, va,
Total input X; X, X, X,

Where x; is gross output of the first sector in country S, va’ is direct value added of
the first sector in country S, y.* is final goods produced by the first sector in country S
for consumption in ROW (Country R), and z;; is intermediate goods produced in the first

sector of Country S and used for the first sector production in Country R. Other variables

can be interpreted similarly. Equations (2) and (3) can be re-written as follows:

x| [as a3 a7 ag[x] [ve+ys

x| _|an ap am ap x| |yrevs -
x{| |as an oA an x| | ye ey

x| lal ap an an|xi] |yEeyr

;] [1-as -a3 -ad  —ad | [ySeys

;| | -ag 1-a% -al  -an | |yS+vys

x{| | -—al  -al 1-al -al | |yr+yr

;| | -an  -ap  -an l-an| |yr+yr

- - = (3a)
by by by by |yS+V)
by by by by |Yr+Y;
blrlS blr25 blrlr berr ylrs + yl
by by by by |y +Y;

where a;; is the direct 10 coefficient that gives units of the intermediate goods

produced in the first sector of Country S that are used in the production of one unit of



gross output in the first sector of Country R, b7 is the total 10 coefficient that gives the

total amount of the gross output of first sector in Country S needed to produce an extra
unit of the first sector's final good in Country S (which is for consumption in both

Countries S and R). Other coefficients have similar economic interpretations.

The direct value added coefficient vector (equation 5) can be re-written as follows:
2 2
c __ C C SC rc H
Ve =va® /X :1_Za” _Za‘i (c=sr j=12). (5a)
| 1

Then we can define the total value added coefficient (VB) matrix, or the value added

multiplier as named in the input-output literature:

T
ss ss sr sr Spy S5 S|y SS rrs TN
bll b12 bll blz Vl bll + VZ bZl + Vl bll + VZ bZl
ss ss sr sr S S5 S| SS IS Fa TS

VB = [Vs veovr T by, by by by A by, +V;b,, + Vb +Vv;b,, ©6)
B At 2 1 2 b pb° pT b~ - St Spsr hr hr
11 12 11 12 Vl 11 + V2 21 + Vl 11 + V2 21

rs rs rr rr S|y Sr S|y Sr raIr raIr
b21 b22 b21 b22 Vl b12 + V2 b22 + Vl b12 + V2 b22

where T denotes matrix transpose operation. Each element of the last term in VB equals

unity.

Condensing the final demand vector in (3a) as:

SS

ey veeyr yrewr il =i o v owl
the decomposition of the country/sector level value-added and final goods

production as a direct application of the Leontief insight can be expressed as follows:
vv 0 0 Ofby b, by byjy, 0 0 0
oy |0 v, 0 0fby by by by 0y, 00
0 0 vi Oyby by by b0 0 y O

0 0 0 vy by by by byp]O 0 0 v, ™

S SSy /S S| SS /S Sy Sr Sl Sry,r

Vl bll yl Vl b12 y2 Vl bll yl Vl b12 y2
S|hSS /S S|y SS /S SRy Sr T SR SFy, T

— V2 b21 yl V2 b22 y2 VZ b21 yl V2 b22 y2
s, S A ISy,S My, r (g (g ¢

Vl bll yl Vl b12 y2 Vl bll yl Vl blZ y2
rs,,s m,,r m,,r

r rWrs,,s r r
V2 b21 yl V2 b22 y2 V2 b21 yl V2 b22 y2

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
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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 market) in the source country.

Looking at the matrix along the row, for example, the first element of the first row,
v;b’ (Y +Y,) is country S's first sector value added embodied in its final goods
production for both the first sector's domestic sales and exports. The second element,

v, b5 (Y +y; ) is country S's first sector value added embodied in its second sector’s

final goods production. The third and fourth elements v/b’(y, +Yy,) and

v;b; (Y, +Y, ) are country S's first sector value added embodied in country R’s final
goods production in its first and second sector respectively. Therefore, summing up the
first row of the matrix we have Country S's total value added created by production
factors employed in its first sector. In other words, it equals GDP by industry of the first
sector in country S. Express this mathematically:

va; or GDR® = [vibys® + by +vebsys +vbsyy |

sr,,rs

+[v by +vibiyy +vibiy +v; bsz'yé'] vy (by; +

SS S SI’ r

b1 Yy +b5Y; +bY3) =ViX

Looking at the VBY matrix along the column, the second elements in the first
column, v;b5 (y;* +y;') , for example, is country S's second sector value added
embodied in country S's production of its first sector's final goods, and the third and

fourth elements, v/b;(y;°+Yy;) and v;by;(y,° +v,") are country R's (foreign) value

added embodied in country S's production of its first sector's final goods. Adding up all
elements in the first column equals the value of final goods production by country S's

first sector ,i.e:

S| SS S| SS r\rs rrs S S
(b +Vobyy +vib +Vvoby )y =y, (9)

In summary, sum of the VBY matrix across columns along the row accounts for
how each country's domestic value-added originated in a particular sector is used by the
sector and all its downstream countries/sectors. It measures the value-added contribution

made by production factors employed at the producing sector in the source country to the

destination country/sectors. While sum of the VBY matrix across the rows along the

column, measures the country/sector sources of value-added in each country's final goods
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production, accounts for all upstream countries/sectors’ value-added contribution to a
specific country/sector’s final goods output, and thus decomposes a particular sector's
final goods and services into its various country and sector sources. Based on the identity
given by equation (6), all these sources should sum to 100% of the value of the final
products.

Therefore, the supply-side perspective (summing across columns along the row)
decomposes how each country's GDP by industry is used, directly or indirectly to satisfy
domestic or foreign final demand, while the user-side perspective (sum across rows along
the column), decomposes a country/sector's final goods and services into its original
country/sector sources. As an example, in the electronic sector, the supply-side
perspective would include the value added created by production factors employed at the
electronics sector and incorporated into gross exports of electronics itself (direct domestic
value-added exports), as well as in exports of computers, consumer appliances, and
automobiles (indirect domestic value-added exports). In other words, it decomposes GDP
(domestic value-added) by industries according to where (i.e., which sector/country) it is
used. Such a perspective is consistent with the literature on factor content of trade. On the
other hand, decomposition from a user’s perspective will include all upstream
sectors/countries’ contributions to value added in a specific sector/country’s 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 sectors/countries (such as glass from
country A, rubber from country B, transportation and design from the home country) used
to produce electronics for exports by the home country (direct/indirect domestic value
added in exports and foreign value-added in exports). Such a 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 interpretation and thus different roles in economic analysis.
However, they are equivalent in the aggregate because global value-added production
equals global final demand.

After understanding how value added (GDP) and final goods production at the

* See the proofs in Timmer et al. (2013) and Koopman, Wang and Wei (forthcoming).
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sector level can be correctly decomposed based on the Leontief insight (equation (7) or

the VBY matrix), we can better understand various decomposition methods proposed in
the literature.

There are several attempts to estimate trade in value added and decompose value-
added and final goods production based on the Leontief insight and inter-country input-
output database in recent years. Timmer et al (2013) decompose final goods production
based on backward looking linkage in the details that WIOD data allow. For example,
their method can provide estimates on how much contribution an unskilled worker
employed in the Chinese steel industry makes to a car produced in Germany, or how
much contribution a skilled US worker in the electronic industry made to a computer
consumed by a Chinese consumer. Johnson and Noguera (2012) estimate value-added
content of trade based on forward-looking linkage. However, they only measure sector
value added absorbed by foreign countries, and do not take GDP absorbed in the
domestic market into account, thus cannot recognize the conceptual difference between
value-added exports and domestic value-added in exports, which also include domestic
value-added first exported but finally returns home. In this sense, their decomposition of
value-added production is incomplete. Most importantly, their gross exports to value-
added exports ratio (VAX) at the sector level cannot be used as share of gross exports,
since they compute value-added exports by forward-looking linkages, which gives the
amount of domestic value-added created in the source country’s production sector
absorbed in the destination country; but in the source country's sector gross exports, there
is also domestic value-added from other domestic sectors. Therefore, their VAX ratio
tends to under-estimate the true domestic value-added exports to gross exports ratio for
downstream sectors, while over-estimate the true VAX ratio for upstream sectors, and
produce unreasonably large numbers for country/sector with tiny exports.

To compute value added by forward or backward linkages, such as what is pursued by
Johnson and Noguera (2012 and Timmer et al (2013), one only needs to apply the insight
of Lenotief directly (i.e., using Leontief inverse multiplied with the final demand), but
does not need to decompose intermediate goods trade. However, in order to decompose
the gross exports into various value added components and pure double counted terms,

such as what is pursued by KWW (forthcoming), one would need to go beyond the
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original Leontief insight and find a way to decompose intermediate trade.

In Leontief’s time of 1930s-1960s, intermediate goods trade is relatively unimportant.
Today, it is about two thirds of the world gross trade. So being able to decompose
intermediate goods trade has become more crucial, and KWW has made a useful step at

performing such a decomposition at the level of a country’s aggregate exports.

2.2 Decomposition for the 2-country 2 Sector Case

For ease of understanding, we continue our discussion with the two-country, two
sector ICIO model specified in the previous section. We first lay out the basic gross
output and exports accounting identities at the sector level and then propose a way to
fully decompose a country’s gross exports into the sum of components that include both
the country’s domestic value added in exports and various double-counted components.
We then use a three country, two sector model to discuss what additional components will
be involved once the third country effects are taken into account. Finally, we present the
G-country M-sector model (in Appendix H) and highlight how our decomposition
formula in this most general case is different from that in the three-country two-sector
model. We also provide numerical examples following our analytical model to show
intuitively how our accounting equation works.

Let us now consider the case of two countries and two sectors. First, the gross
exports of country S can be decomposed into two parts: final goods exports and
intermediate goods exports:

L2
2 2 21 22 2
As we already show in previous section that the final goods exports can be easily
decomposed into domestic and foreign value-added by directly applying the Leontief
insight, we concentrate our discussion on the decomposition of intermediate goods
exports. Based on the Leontief insight, gross output of the two countries can also be
decomposed according to where they are ultimately absorbed to sustain the production of

both countries' final demand:
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SS

o] b bg b I ye v
oy | % x| _[bs bE b bg|ye oyr
¢ | [bg bz b bg|yroyn
x| [bg by by bplyr oyr

(11)
SS \,SS Sry,rs SS \,Sr Sr,Ir

by +byyy +biy” +byyy  biyl +bIyy +biyl +bjy,

| bayr Yy Y+ by Yy by +by Yy +byyy by
by yy +b5 Y, + byl +bpyy by +boy, by +byyy
bayr +05Yy + 0y Y + by Y, by +by Y +byy +byyy
Following KWW (forthcoming), we label the 4 by 2 matrix on the left hand side
of equation (11) as the “gross output decomposition matrix.” It fully decomposes each
country’s gross outputs according to where it is absorbed. For example, X;° is the first
sector's gross output in country S that is eventually absorbed by country S’s final demand,
X, is the first sector's gross output in country S that is eventually absorbed by country
R’s final demand. They add up to the first sector's gross output in country S:
X; =X X
From equation (11), the first sector's gross output in country S that is ultimately
absorbed by country S’s final demand can be further decomposed into four parts:
X;” =b3y” +b5yy +bTy” +byy, . The first part, by is the first sector's gross
output in country S ultimately absorbed by domestic final demand of the first sector in
country S. The second part, b3y, is the gross output of the first sector in country S
ultimately absorbed by the second sector's domestic final demand in country S. The third
part, b y;® is the gross output of the first sector in country S used to produce first sector's
final goods exports in country R that are ultimately consumed by county S. The last part,
b3y, is the gross output of the first sector in country S used to produce second sector's

final goods exports in country R that are ultimately absorbed by county S. The first two
terms collectively are the first sector's gross output of country S directly absorbed at
home, and the last two terms collectively are the first sector's gross output of country S
that is initially exported as intermediate goods to country R which use them to produce
final goods that are shipped back to country S as final goods and ultimately absorbed

there. The other seven terms in the gross output decomposition matrix (11) can be
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interpreted in a similar way. Based on equation (11), the gross output of country R can be
decomposed into the following four components according to where they are finally

absorbed:

{XI}[XFHI’}:FH bfz’}{yf’} {b{{ bfz’}{yfs} {b{f bfi}{yfs} {b{f bfi}{yfr}(lz)
Xp | X2 % | (b by flyy | by by llyr | by by Vs ] [by by Y
Insert equation (12) into the last term of equation (10), we can decompose Country

S’s gross intermediate goods exports according to where they are absorbed:

sr sr r sr sr rr rr rr sr st [ arr rr rs
{au an}{xl}{an aﬂ 1 blz}{yl }{an ay; [ b Z}P}

sr sr r sr sr rr rr rr sr sr rr rr rs

aZl a22 XZ a‘21 a22 b21 b22 y2 a‘21 a‘22 _ _b21 b22 yZ

Sr sr rs rs SS Sr sr rs rs sr T
{aﬂ aﬂ 1 ﬂ[yl}[an aﬂ 1 ﬂ[yl

Sr Sr rs rs SS Sr Sr rs rs sr

a‘21 a‘22 bZl bZZ y2 a21 a‘22 bZl bZZ y2 i

The first term in equation (13) is the part of country S’s intermediate goods exports

(13)

used by Country R to produce final goods and consumed by country R; the second term is
the part of country S’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’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 final
goods; the last term is the part of country S’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 and are consumed there. These four terms completely

decompose country S’s intermediate exports according to where they are finally absorbed.

From equation (2), the gross output production and use balance conditions, we know
1S ST ST
X2 a21 22 | X2 _a21 a22 X2 y2 y2
_fan ap ], v fer
ay ap || Y. ] |&
Re-arranging:

r m ot r rr P e T
|:X1:|:|:l_a11 —a, } |:y1 ]i_{l_an —a, :| {el :| (15)
X [—an 1-axp| Y, ] |—ax 1-an] |&

QD

(14)
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Define:
Irr Irr l_arr _arr -1
L=t 2= g 2 | as local Leontief inverse, then equation (15) can
|21 I22 —ay 1- ay,

be re-written as

Xr I r I r rr I r I rr el’S
e e as)
X2 21 22 y2 21 22 e2

Therefore, the intermediate goods exports by country S can also be decomposed into

two components according to where it is used similar to a single country 10 model:

sr sr r sr sr s rm rm sr sr r r rs
|:a11 a‘12 i||:X1 :| — {all a12 i||:|11 I12 i||: yl :| + |:a11 a12 j||:|11 |12 i||:e1 j| (17)

sr sr r sr sr rm s s sr sr m m rs

a21 a‘22 X2 a21 a‘22 I21 |22 y2 a‘21 a‘22 I21 I22 eZ

Equations (13) and (17), the two important intermediate goods exports decomposition
equations (in level), together with the global value-added multiplier adding-up condition
defined in equation (6) and the local value-added multipliers defined below , are the key

equations in deriving our gross exports decomposition formula.
From equation (6), we can obtain country S’s domestic and foreign value-added
multiplier as follows:

S SS S S bSS bss S| SS S|. SS S|. SS S| SS
VeB® = v v{ 1 ﬂ}[vlblﬁvzbu vibss + b3 ] (18)

SS SS
b21 b22
brs brs
rors r r 11 12 rwIs kIS rwrs rwIs
vV'B =[V1 vV, be bt :[Vl L Vb, Vb + VoD, (19)
21 22

Also from equation (6) we know that the sum of equations (18) and (19) equals unity.

In a single country 10 model, domestic value-added multiplier can be calculated as

ISS ISS
s ss\-1 __\7syss _ |\,s s| 11 12 | _ |\,5]8s JES NES HE
V(I -A®)"=V°L _[v1 v{ —[V1|11+V2|21 vl + vl (20)

ss ss
IZl I22

Using equations (18)-(20), and define “#” as element-wise matrix multiplication
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operation®, the value of country S’ gross intermediate exports can be decomposed as

RS sy ss
Vllll +V2|21

sr sr r [\, S|hss St SS FTS rTs sr sr r
all alZ Xl — Vl bll + V2 b21 Vl bll + VZ b21 # all 12 Xl
sr sr r St SS Spa SS FTS rTs sr sr r
a21 a22 X2 _Vl b12 + V2 b22 Vl bll + VZ b21 aZl a22 XZ
[\,S|h 5SS S|a 55 4 sr sr r TN FA TS sr sr r
— Vl bll + V2 b21 # all a12 Xl Vl bll + VZ b21 # all alZ Xl
S|a SS St SS sr sr r FTs FTS sr sr r
_Vl b12 + V2 b22 _a21 a22 X2 Vl bll + VZ b21 aZl a22 X2
#

a ap | X
|: a sr sr X r (21)
21 a22 2

S|y SS S| SS S| ss S| ss sr sr
Vl bll +V2b21 Vllll +V2|21 }# a‘ll a'12 Xl

S| ss S| ss
_Vl |12 +V2|22

S| SS Skss | | y,5ss S| ss

Vl b12 + V2 b22 Vl I12 + V2|22
TS rKrs sr sr r
Vl bll + V2 bZl # all a12 Xl
rATS rKrs sr sr r
Vl bll + V2 bZl a‘21 a'22 XZ

Inserting equations (13) and (17) into equation (21), we can obtain the full

decomposition of country S’s intermediate goods exports:

r rr

sr ] HES HES sr sr rr rr
all a’lZ Xl — Vllll_'_V2|21 # all a’lZ bll b12 yl

sr sr r s|ss sy ss sr sr rr rr rr
aZl a‘22 XZ n Vl |12 + VZIZZ aZl a22 b21 b22 y2
[\,s1ss syss | [ Lsr st [ arr rr ][y, rs ]
+ Vl Ill + VZIZl # ail aiZ 1 2 yl
S| ss spss sr sr rr rr rs
Vi I +V2|22_ | Ay a22__b21 bzz__yz i

[\,spss syss | [ sr st [ ars rs [ ,ss]
+ Vl Ill + VZIZl # ail aiZ 1 blZ yl

s|ss s|ss sr sr rs rs ss
_Vl I12 +V2I22_ _a'Zl a22__b21 b22__y2 |

[\,s1ss S| ss [ 4sr st [ ars rs [ y,sr ]
Vl Ill +V2I21 # ail a12 bll 2 yl

+
s|ss spss sr sr rs rs sr
_Vl I12 + VZIZZ _a'21 a22 a _b21 b22 AL yZ _
S|ASS S| SS syss s|ss sr sr r
Vl bll + V2b21 _ |:Vl Ill + V2 |21:| # ail a12 Xl
S| SS S|ASS s|ss s|ss sr sr r
Vl 2 + VZ b22 Vl IlZ + V2|22 aZl a22 X2
TN rrs | [ 41 st [yrr ][, rr
+ Vl bll + VZ b21 all a12 Ill IlZ yl
[INE INE sr sr rr rr rr
_Vl bll + VZ b21 ] _a21 a22 a _|21 I22 AL y2
[\ FIRTS rrs | [ 4sr st |[yrr rr [ 4rs
+ Vl bll + VZ b21 # a11 a12 Ill I12 el (22) 5
I IS INE sr sr rr rr rs
Vi by +Vv;by 1 821 8y | _|21 5 L€

* For example, when a matrix is multiplied by n # % fcolumn vector, each row of the matrix is multiplied by
the corresponding row of the vector.
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Finally, based on the Leontief insight, country S’s final goods exports can be
decomposed into domestic and foreign value-added as follows:

0 e, i 2
Y, viby, +Voby | LY, vibi Vb | LY,
Combining equations (22) and (23), we obtain country S’s gross exports

decomposition equation:

|7l e e

[\,S|ss St S5 sr
— Vl bll + V2 b21 :|#|:yl :| (1)
S| SS S| SS sr
_Vl blZ + VZ b22 y2
[\,syss sy ss st [ arr re ][y,
Vl Ill + V2|21 #{ a’ll a12 bll b12 yl

SS SS sr 118 r r
1|12 +V5l5 az ay | by by Vs |

I+

sr r m rs
Vl |12 + V2 |22 aZl aZZ _ b21 b22 n _y2 _

MBS SIS
Vllll +V2|21

+
T

st [ ars rs [ y,ss ]
a11 a12 bll b12 yl
s|ss s|ss sr rs rs ss
Vl |12 + V2 IZZ a21 a22 _ bZl b22 AL y2

L[ ity {a1 aj, [b by y{s} )

st [ ars rs [y, sr ]
Vl Ill +V2I21 #{ all alZ bll blZ yl

rs rs sr
_Vl I12 + V2 |22 a21 a22 _ bZl b22 AL y2 _

S|a SS s S| sr sr r
+ |: bll + V b :| |: 1 ll + V2I21:| # |:all alZ :||:Xl
ss ss ss ss sr sr
b12 + VZ b22 l I12 + VZI aZl aZZ
rars rars | sr
Vl bll + VZ b21 |:yl :| (7)
rrs rars sr
vibi Vb | LYs
[\, rrs rrs | ([ 4sr st |[yrr re [y, rr
+ Vl bll + V2 bZl all alz Ill |12 yl j| (8)
rars rars sr sr rr rr rr
_Vl bll + VZ b21 i _aZl aZZ a I21 IZZ L y2
vib; +Vv;by;

as af ] 1o ers
o ieichieed T heanicd B e
_Vl 11 +V2 21 | _aZl aZZ_ 21 22 _eZ

Similarly, we can derive the decomposition of country R’s gross exports in a similar

3+

(24)

EsS

way. To save space, we list the equation in appendix B.

Equation (24) indicates that the gross exports of a country can be completely

> For a detailed derivation, please see Appendix B.
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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 detailed economic interpretations:

The first term is domestic value added embodied in the final exports of the first and
second sectors in 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’s first and second

sector’s intermediate exports which are used by country R to produce final goods, Y,

and vy, , and are consumed in R.

These two terms are domestic value added embodied in country S’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’s first and second
sector’s intermediate exports used to produce country R’s final exports, i.e. country S’s
imports of final goods from R.

The fourth term is domestic value added embodied in country S’s first and second
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 first and second 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 first and
second 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's first and second sector’s
intermediate exports which return home as its first and/or second sector's intermediate
imports and are used for production of country S’s both sector's final exports and are
finally consumed in country R. They are part of the value-added in country S's final
exports and already counted once by the first term of equation (24), therefore it is a

domestic double counted portion caused by the back and forth intermediate goods trade in
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order to produce final goods exports in country S.

The sixth term is domestic value added of country S's first and second sector’s
intermediate exports that return home as intermediate imports and are used for production
of country S’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.

Since the second to the sixth terms come from the first 5 terms of equation (22),
their sum equals domestic content of the first and second sector’s intermediate exports of

country S. Therefore, sum of the first to the sixth term is domestic content of the first and
2 2

second sector’s gross exports, » v'bTe" and > vrbies" . A detailed mathematical proof is
i i

given in Appendix B.

The seventh term is foreign value added used in country S's first and second 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 first and second sector
intermediate exports of country S, which are then used by country R to produce its
domestic final goods. Summing the seventh and eighth term, the two elements in the
resulted vector are total foreign value added embodied in the first and second sectors’
exports of country S, respectively.

The ninth term is foreign value added embodied in the first and second 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’s exports. Adding up the eighth and
ninth term yields the foreign content of the first and second sector’s intermediate exports.

Therefore, the seventh to the ninth terms are the foreign content of the first and

2 2
second sector’s gross exports of country S, > v/be" and > v/bj3e;" .
i i

It is easy to show that the aggregation of the two sectors in equation (24) results in
equation (13) in KWW. A detailed proof is given in Appendix D.
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2.2.2 Two perspectives on domestic value added exports

As discussed in section 2.1, domestic value added exports at the sector level can be

measured from two perspectives. They can be estimated by aggregating the VBY matrix
along different directions. The first measure is based on the forward linkages in the 10

literature by summing up the off-diagonal elements across the columns along the rows in

the VBY matrix. It measures how a country's GDP by industry is used to produce exports
that are absorbed by the destination countries. It is consistent with the factor content
method in the international trade literature and is the same as what is defined in Johnson
and Norgera (2012) and equation (9) (for the two country case) or (30) (for the general
case of G countries and N sectors) in KWW (2014).

The second measure is based on backward linkages in the 10 literature. It
decomposes a particular sector’s final products according to its value-added sources. It
measures each source country's value-added embodied in particular sector’s gross export
flows, regardless of value-added creating sectors in the source country, that is absorbed
by each destination country. This measure is consistent with the GVC case studies in the
literature. At the country aggregate bilateral level, these two value-added trade flow

measures are exactly the same, but at the sector level they are quite different.

Without loss of generality, let us use vt to denote value-added exports by the first

sector of country S (producer’s perspective, forward-looking linkage) and vt(e") as
country S's domestic value-added in the first sector's gross exports that is absorbed in
country R (user perspective, backward looking linkage). Then vt and vt(e,") can be

fully decomposed as follows:

oy O{bff bfi}{yf’}r[vs O{bf{ bfé}{yl”}
1 — L1 ss ss sr 1 sr sr rr
b, by Y, by, by |l Y, (25)

_ S| SS sr Sl SS sr S| SI r S SI rr
=v,byy, +vibyy, +vibry +vibiy,

which is an extension of equation (9) of KWW in the two sector case.
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S|y SS spss |7 sr S|y SS spss |7 sr sr m m m
Vt(e sr ): |:Vl bll + V2b21j| |:y1 :| + |:V1 bll + V2 b21} {|:all alZ :||:bll b12 j||: yl :|}
1 S|y SS S| SS S|y SS S| SS m rm rm
Vl b12 + V2 b22 0 V1 b12 + VZ b22 0 0 b21 b22 yZ (26)

SS sr r sr rr
=Vrbyyr + VoY) vy 1122  bj yJ +V; lezall b”

which is part of the first two terms in equation (24).
Based on the properties of Leontief Inverse, we know

—a; —a, -—a; -—a, by b; by b;| |1 000
—ay l-a, -a; -ay by by by by| |01 00 @7
—a; -a, 1l-aj -aj, |by b; by b;| |00 10
| -8y —a; —ay l-ay|by by by by| [0 001
Therefore,
el [l il [ 2
—ay 1_a22 b21 bzz —a; —ay b21 bzz
Rearrange:
[ B]a ] 2
b21 bzz |21 Izz a; ay b21 bzz

Inserting equation (29) into equation (25) and re-arrange, we have

wr = 0 by b} W o lp |l an ap | by by |y
©T bR b3 |s‘°’ I3 Jlaz @%b by Y7
(30)

SS,Sr SS,Sr I’I’ Sr |y P
=V bllyl +V b12Y2 +Vllllzz b +Vlllzzza2lbu

Comparing equations (26) and (30), the first and third term of the measures of value-
added exports are the same. They are value-added created from the first sector of country
S embodied in country S’s first sector’s gross exports, or the direct value-added exports
of the first sector. However, the second and the last term of the two measures are different.

Therefore, the difference between vt and vt(e") equals

vt —Vt(elsr>= |:V15b155 +V1|1zzza§rjbf§y|§r} [ boyr +V2|21ZZ Jri:ylzr} .

The two terms in the first square brackets of equation (31) are the second and last
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term from equation (30), representing value added created by the first sector of country S
but embodied in gross exports of the second sector in country S and are finally consumed
in country R (indirect value-added exports of the second sector embodied in the first
sector’s gross exports) and hence has no relation with the first sector’s gross exports. The
two terms in the second square brackets of equation (31) are the second and last term
from equation (26), representing the second sector’s value added that is embodied in the
gross exports of the first sector produced by country S and is finally consumed in country
R (indirect value-added exports of the second sector embodied in the first sector’s gross
exports). Unless these indirect value-added exports terms equal to each other, country S's
value-added exports from its first sector cannot be equal to its domestic value-added

embodied in the first sector's gross exports absorbed in country R.

Similarly, the difference betweenvt(e,') and vt equals

2
viles )- vt“{v b5;y2'+v1|1222a;:b.;' fva bjiyfr+v2I21ZZa§rb,j’ v | (32)
J

It is easy to show that the sum of equations (31) and (32) equals 0. This means that
when aggregating the two sectors together, the difference between country S’s value
added exports and country S's domestic value-added in gross exports absorbed in country
R at the sector level cancels out. Therefore, at country aggregate, the two value-added
exports measures should equal each other.

Extending the equation (31) and (32) to the n-sector case, the value-added exports to

country R produced by sector k of country S vt;' and the country S's domestic value-

added in sector k's gross exports absorbed in country R can be expressed as

vt = kabif +ZkaE.r yi = Zvibif +ZZZVk a 8y DL Yy (33)

n

vi(ey') = ZV.b.isyEr ZananVfl“aibeﬂ Yo (34)
j ou

It is easy to show:

e v | St -3l ;b;;y;f} {zvk oy 3 Sty |as)

izk i#zk j u ik iz j u

The two terms in the first square brackets of equation (35) are other sectors' value
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added embodied in sector k's gross exports produced by country S and finally consumed
in country R in final and intermediate goods respectively. They increase the domestic
value-added in sector k's gross exports. Similarly, the two terms in the second square
brackets of equation (35) are the value added created by sector k but embodied in other
sectors’ intermediate goods respectively. Thus they reduce the value-added created in
sector k that can be embodied in sector k's gross exports. Therefore, the two measures of
value-added exports at the sector level are not equal in general. Understanding this fact is
important for us to define the value-added to gross exports ratio at the country/sector
level properly. We will discuss this in more details when the third country effect can be
explicitly accounted in the three country model. Here will give the following proposition
and sketch a mathematical proof.

Proposition A: In a two country world (home country S and rest of the world R),

vt(e;') the sector level value-added exports measure based on backward linkage, is

always less than or equal to sector level gross exports. Therefore value-added exports to
gross exports ratio is upper-bounded at 1.
Proof:

From equation (6), the sum of total value added coefficient equals unity, i.e

Zn:visbiis Jrivirbirks =ivirbig +ivisbif<r =1 (k=1 - n)

n n n n n n
zvislisks +zza;is|isks = zvirlirkr +zza?irlil;<r =1 (k =1 - n)
i i j i i j
Therefore,
n n n n
Svibe <1 Yvibr <1 SviE <1 v <1
i i i i
Insert these inequalities into equation (34):
n n n n
vi(el) = 2 bRy + 2D DI agb i < i +agbiyl <el
i i j u

Rearranging the above inequality, we have

t sr
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Proposition B: In a two country world (home country S and rest of the world R),

vt,", the sector level value-added exports measure based on forward linkage is always

less than or equal to sector level value-added production. Therefore, the value-added
export to GDP by industry ratio is upper-bounded at 1.

Proof:

vt = ZVk by + zvk ba Vi =V {Zbif Yy, + me y|rr:| <VeX
v Sy + Suin« oty + Sy

The intuition behind these two propositions is simple. As shown earlier in the two
sector case, the sector level direct value-added exports are the same for both value-

added trade measures ( vebgyy +vplgagbly"), but the sector level indirect value-added

exports can be very different. The indirect value-added exports in the forward looking

linkage based value-added exports measure (kabjf +ZZZVKISSa“b" ) are the

ki ~tj
i=k izk j u

sector’s value-added embodied in other sector’s gross exports, which have no relation
with the sectors gross exports. Therefore, the value-added exports to gross exports ratio
defined by Johnson and Noguera at the sector level is not proper since its denominator
(sector gross exports) does not include the indirect value-added exports from other
sectors in its denominator. It is common that a sector has no gross exports, but its
products are used by other domestic industries as intermediate inputs and thus it has
indirect value-added exports through other sectors. In such case, the VAX ratio will
become infinitive. However, because such indirect value-added exports are part of the
total value-added created by the same sector, a value-added exports to GDP by industry

ratio can be properly defined based on forward looking linkage.

2.2.3 Domestic value-added in gross exports at the sector level

Following KWW (2014), we define a country's value-added exports differently from
“domestic value added in a country’s gross exports”. The latter is the sum of a country's

value-added exports and its domestic value-added that was first exported but eventually
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returns and is consumed at home. The second concept only considers where the value
added is originated regardless where it is ultimately absorbed. In comparison, a country’s
“value added exports” refers to a subset of “domestic value added in a country’s gross
exports” that is ultimately absorbed abroad. Such a conceptual difference naturally
extends to the sector level measures and can be computed from two different directions as

the sector level measure of value-added exports.

Based on the Leontief insight and equation (7), and using equation (29) and (A4)

country S’s GDP by sector can be decomposed as

Ve bs b ysr Ve 15 1= Tay a o™ p- yrr
s _ 1 11 12 1 1 11 12 11 12 11 12 1
GDP" = |:VS:|#|:bSS bss sr + Ve # 15 1= las aslp™ pr rr
2 21 22 yZ 2 21 22 21 22 21 22 y2
M5 ([yss ss [ 4sr st [ arr e [y, rs ]
Vl #{ Ill IlZ a'll a12 bll blZ } yl

SS SS Sr sr r r rs
_|21 Izz__au azz__b21 bzz Y2 |

5] [ ss ss [ 4sr st [ ars rs 1) [ y,ss ] s ss ss ss
v I 15 |la; ay|lb, b y V. o el Y
2 21 22 721 22 V21 22 |JL y2 a 2 21 22 y2

+

o 2 2 2 2 2 2
S1.SS . ST S| ss SEIT |, IT s|ss ST IT |, 1S
Zvlbli Yi Zvllli sz:aij bl Vi Zvllli Z;aij bii Vi
_1 5 i j i i
=l 2 Tl 2 2 2 | 2 2 2
S|h SS sr S| SS Sr I'r 118 S| SS Srp I'r rs
szbzi Yi szlzi Zzaij b Vi szlzi Zzaij b Vi
L7 i 7K i 7K
2 2 2 2
S| SS SIS, SS
PACDIPICH ' D vy
i 7K 4|7
2 2 2 2
S| SS Sr I's SS S| SS SS
szlzi Zzaij bjk Yk ZVZIZi Yi
|5 7K i

(36)
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Country R’s GDP can be expressed in a similar way:

P {VIHb{{ b;;}{nyv;}# {lf{ lfz'}{afi a{Z}{bﬁ bfzmyfs}
vi['log bz Ly ] v Tl 1z lan anbs bslflys

B r rr m rs rs SS SS sr
+ Vl :|# |:Ill |12 :||:a'll a12 :||:bll blZ :| {yl }
r rr r rs rs SS SS sr
Va I 12 ]lan a0 by jlY:
RAR I B v (A I A
+ r }# {I rr I rr rs rs bsr bsr r + r # I rr I rr rr
V2 a 2|8 8|0y Dy ]| Y Vol [l 12| Y2
o 2 2 2 2 2 2
rprr IS} SS |, SS rprr IS} SS |, SI
lerblrir yi Zvllli Zzaij b Vi Zvllli Zzaij bi Vi
T LT

+

2 2 2 2

r r rs rprr IS}y SS SS rprr IS} SS sr
szbzi Yi szlzizzaij bk Vi szlzizzaij bl Ve
i i Tk i ik
2 2 2 »

ryrr IS4 SI r
PAARDIPIE:H A > vy

k i

2

+
2
rprr IS SI r rprr r
ZVZIZi Zzaij bjkyk ZVZIZi Yi
B ik i

(37)

N
N —.

Subtracting global GDP from global gross exportsyields residuals as follows:
- -1
sr sr rs rs rs ISS ISS SS
e S hele] A el R A
b21 b22 _y2 a21 a22 |21 |22 y2
N V{ : HyHai afé}{lﬂ I{;}[y{f}
1 2] pr T r r r r rr rr
bzi bzz y; a;l azz |21 |22 Y2 | (38)6
SS SS I SS I SS sr rr r I rr I rr rs
g LI I gy L
b2l b22 I21 |22 e2 b2l b22 I2l |22 e2
e V{lff Ifs}{yfs}_[vr V{I{{ I{ﬂ{y{f}
1 2] ss ss ss 1 2 yrr r rr
|21 |22 y2 I21 |22 y2

Equation (38) shows clearly that besides the value added produced and consumed

at home (the last two terms), which is not a part of either country's gross exports, the
seventh and eighth term in equation (24) (the second term in (38)), and the seventh and
eighth terms in the gross exports decomposition equations of country R (the first term in
(38)) given in Appendix B, are double counted only once as foreign value-added in the
other country's gross exports. Because the third and fourth terms in (24) reflect part of the
countries’ GDP, they are not double counted from the global GDP point of view. In

® A step by step derivation is given in Appendix E.
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comparison, the third and fourth term in equation (38) and the same with the fifth, sixth
and ninth term in equations (24) are counted twice relative to the global GDP since they
are not a part of either country’s GDP. This explains the reason why we would like to
label the fifth, sixth and ninth term in equations (24) as the “pure” double counted terms
to differentiate them from those double counted domestic and foreign value-added in
gross export statistics (the third, fourth, seventh and eighth term in the gross exports
decomposition equations). The pure double counted terms are greater than zero only

when there is two-way intermediate goods trade as pointed by KWW (forthcoming).

Just as the sector level measures of value-added exports can be defined from either
the supply-side or user’s perspective (i.e., based forward and backward looking linkage),
the sector level domestic value-added in gross exports can also be defined in these two

different directions.

The user’s perspective measure for the sector level domestic value-added in sector
gross exports for country S can be defined by directly taking the first four terms from
equation (24) as follows:

VSbSS _I_VSbSS sr VSISS _I_VSISS aST sr bl’r bl’l’ rr
dv(E“){tbti I A 2 DN Botied ot
Vl 12 +V2 22 y2 Vl 12 +V2 22 a'21 a'22 21 22 y2
_Vslss +Vslss_ _asr asr__brr brr__ rs]
I il Rl ot )
_Vl 12 +V2 22 | _aZl a22__ 21 22__y2

[\ ,s15ss syss | [ 4sr st [ ars rs | y,ss]
Vl Ill +V2I21 #{ a’ll alZ bll b12 yl }

S| Ss S| Ss sr sr rs rs SS
_Vl I12 + V2 I 22 | _a21 a22 _ _b21 b22 AL y2 |
Obviously, it is the domestic value-added portion of country S’s gross exports.

To define measure of sector level domestic value-added in country S’s gross exports
from the producer’s perspective, we start from the first four terms of equation (36)

dvsr{vq#{bff bfi]yf’}{vq#{bf{ bfﬂ{yf}
vi log bz fyr | [ve ] lox bz vy
{Vf}#{bf{ bfé}[yf {VE}# {bff bf;HIf: lf:}[yfs}
vi o b llye ]l Tlbs ms) Tl s ]flys

In fact, they are equivalent to summing up the VBY matrix in equation (16) across

(40)

columns along the rows and then subtracting the part of domestic value added that is
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directly consumed at home, as the last item is not a part of the either country's exports as
shown in equation (38). Equation (40) is a generalization of equation (22) in KWW for
the two-country and two-sector setting. Detailed derivations can be found in Appendix E.

2.2.4 A numerical example for the 2-country 2-sector case

We now provide a numerical example to illustrate various concepts discussed
above. Suppose a simple 2-country, 2-sector ICIO table as summarized in table 2 below:
Table 2

S R
country Sector s1 S2 R1 R2 YS YR gjrt%ist
S S1 1 1 0 0 1 0 3
S2 0 1 0 1 0 1 3
R R1 1 0 1 0 0 1 3
R2 0 0 1 1 1 0 3
Value-added 1 1 1 1
Total input 3 3 3 3

Gross intermediate and final good exports matrix is

0 0[|0O0l 00O
01/ (0 1| (0 2
1070 o[ [1 0
00[|120f (10
The direct input coefficient matrix A, Global Leontief inverse Matrix B, Local Leontief

E=EI+EF=

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

/3 1/3 0 O 8/5 4/5 1/5 2/5 3/2 314 0 O
_ 0 1/3 0 1/3 B 1/5 8/5 2/5 4/5 Lo 0 3/2 0 O
13 0 13 0 415 2/5 8/5 1/5 0 0 32 O
0 0 1/3 13 2/5 1/5 4/5 8/5 0 0 3/4 3/2

V=[/3 U3 13 V3

Using decomposition equation (24), we can fully decompose country S and R’s
gross exports into the nine value-added and double counted components as reported in
table 3, detailed computation is listed in Appendix F.
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Table 3: Gross exports decomposition results: 2-country, 2-sector numerical example

E T1 T2 T3 T4 T5 T6 T7 T8 T9 VAX_ VAX_B VAX_B VAX_F
FJ&N  WwZ Ratio Ratio
S1 0 0] 0 0 0 0 0 0 0 1/3 0 0% 0
S2 4/5 1/5 2/5 1/10 1/20 1/20 1/5 1/20 3/20 2/3 1 50% 33%
R1 0 2/5 1/5 1/20 1/10 1/20 0 1/10 1/10 1/3 2/5 40% 33%
R2 3/5 0 0 0 0 0 2/5 0 0 2/3 3/5 60% 67%
ST 4/5 1/5 2/5 1/10 1/20 1/20 1/5 1/20 3/20 1 1 50% 50%
RT 3/5 2/5 1/5 1/20 1/10 1/20 2/5 1/10 1/10 1 1 50% 50%

This example shows that the two measures of value-added exports only equal to

each other at the aggregate level and are different at the sector level. It also shows that

when a sector does not have gross exports (S1), but its output is used as intermediate

inputs for the other domestic sector that exports (S2), we will have an infinitive VAX

ratio. Only the new backward linkage based VAX ratio defined in this paper has the

desired property and economic interpretations at the country-sector level as we

demonstrate analytically in the previous sub-section.

Terms in Table 3 and equation (24)

T1 Domestic value added in final exports

T2 Domestic value added in intermediate exports used to produce importer’s domestic final goods

T3 Domestic value added in intermediate exports used to produce importer’s final exports

T4 Domestic value added in intermediate exports used to produce importer’s intermediate exports and return home
country to produce its domestic final goods
Domestic value added in intermediate exports first used to produce importer’s intermediate exports and

T5 eventually return to home country to produce its final exports, Domestic double counted term i due to the
production of final exports
Domestic value added in intermediate exports used to produce importer’s intermediate exports and return home

T6 country to produce its intermediate exports, Domestic double counted term due to the production of intermediate
exports

T7 Foreign value added in final exports

T8 Foreign value added in intermediate exports used to produce importer’s domestic final goods

T9 Foreign value added in intermediate exports used to produce importer’s gross exports, Foreign double counted

term due to the production of intermediate and final exports.

2.3 The Case of Three Countries and Two Sectors

Examining a three-country case in detail is useful for two reasons: (i) it exhibits

nearly all the richness of the fully general multi-country analysis, and (ii) analytical

solutions remain tractable and continue to have intuitive explanations.

We use a superscript s, to represent the source country, r to represent the

destination country, and t to represent the third country and define the country set G = {s,
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r, t}. Based on the Leontief insight, from a three-country two-sector ICIO model we can
obtain country R's gross output in terms of final demand as follows’:

iR

Therefore, the gross output of country R can be decomposed into the following nine

b
X, X+ XX

l,geG

rg,,lg
i Yi
r| | yrs rr rt (41)
X, X, + X, +X, bzrgjgyljg

components according to where they are finally absorbed:

r rs rs | y,ss rs rs | y,sr rs rs | ,st
P}{ 5 yl}{l 5 yl}{l {yl}
r rs rs ss rs rs sr rs rs st
X2 b21 b22 AL y2 bZl b22 AL y2 bZl b22 n y2
[(jarr e[y, rs ] rr re [y, ] rr e[y, rt]
1 2 yl 1 2 yl 1 2 yl
+ b b rs + {b L { rr + {b o rt (42)
L~21 22__y2 n 21 22 | y2 n 21 22__y2 _
[Cjart rt ][yt ] rt rt ][\ tr rt rt ][\t
+ 1 2 yl + 1 2 yl + 1 2 yl
b rt b rt ts b rt b rt tr b rt b rt tt
L~21 22 | _y2 a 21 22 _y2 21 22 _y2

Insert equation (42) into the last term of equation (10), we can decompose country
S’s gross intermediate goods exports according to where and how they are absorbed as

follows:
sr sr r sr sr r r r sr sr rt rt tt
|:a11 a, }{Xﬂ _ |:a11 a, }|: 1 2}|:Y1 }+|:a11 a, }|: 1 2}|:Y1}
sr sr r sr sr r r r sr sr rt rt tt
Ay Ay || X Ay Ay ||y by Y ay Ay by byly;
[ Asr st [ farr rr [ ,rt] [ Asr st |[ jart rt |, tr
N LY A aﬂ[lblz yl}
sr Sr r 1 rt sr Sr rt rt tr
|81 3y | _b21 bzz ALYz | [@a 3| b21 bzz LYz (43)
[ Asr st [ jarr rr [ ,rs ] [ Asr st [ jart rt [, ts
NEE LA N N zyl}
sr g rr rr rs sr sr rt rt ts
|81 8y _b21 bzz_ LY, | [@a @y | _b21 bzz_ BA
[ Asr st |[jars s y,5s ] [ Asr st |[ jars rs| sr st
N L {yl NETEA L [yl}{yl}
sr sr rs rs SS sr sr rs rs sr st
13 8y _b21 bzz Y2 | [Bn 3y | _b21 bzz JLY2 Y,
Comparing equation (43) with equation (13), the intermediate goods exports

decomposition equation in 2-country, 2-sector case, the first, fifth, and seventh term in
equation (43) are exactly the same as the first three terms in equation (13) and have the
similar economic interpretations. They are part of country S’s intermediate goods exports

used by partner country R to produce final goods and are consumed there, to produce

" Detailed gross output decomposition matrix is given in Appendix A
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final goods exports that are shipped back to country S, and to produce intermediate
exports and are shipped back to country S and are used by country S to produce
domestically consumed final goods. The last term in the two equations also has similar
economic interpretation. Both are part of country S’s intermediate goods exports used by
importing country R to produce intermediate goods exports that are shipped back to
country S to produce its final goods exports that are consumed abroad. However, in
equation (13), the term only has final goods exports to country R, while in equation (43),
the term also includes final goods exports to the third country, country T.

Four additional terms appear in equation (43), the sencond, third, fourth and sixth
term, all of which are related to the third country, T. The second term is country S’s
intermediate exports used by the direct importer, country R, to produce intermediate good
that is exported to the third country T for production of finally goods consumed in
country T The third term is country S’s intermediate exports used by the direct importer,
country R, to produce final exports which are ultimately absorbed by the third country T.
The fourth term is country S’s intermediate exports used by the direct importer country R
to produce intermediate exports to the third country T for production of final exports that
return back to the direct importer (R). The sixth term is country S’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 return back to country S. These additional terms are
measures of different pattern of production sharing that involve more than two countries
(direct trade partners) and only can be observed in a three or more country models.

The eight terms in equation (43) completely decompose country S’s intermediate
exports according to where and how they are finally absorbed.

In the three-country ICIO model, the gross output production and use balance, or the

row balance condition becomes:
{x;Ha;: a{ﬂ{xls}[a{{ aﬂM{aﬁ a{ﬂ{x;Hnynyy;‘}
) lan apla) lan anlx] lan an ] Lyr] Lyl Ly (44)
18 ST ELEHE <
aZl a'22 XZ y2 eZ eZ aZl aZZ XZ yZ eZ
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Re-arrange:
|_[1-ag -ap | Twr], [1-an -ap | er

;| | -ay 1-ay]| |yy] | -ap l1-ap| |e)
:{u{ Ifﬂ{y{le{{ lfz’}{ef*_

LN LY B TS e

Therefore, the intermediate goods exports by country S can also be decomposed into

(45)

two components according to where it is used similar to a single-country 10 model:

{Xf}{af{ afé}{'ﬂ |I1{y{r} J{af{ afé}{'ﬂ |f£}{ef*} (46)
%l lan apfln Laly)| (& ap|ly 1z]e

Equation (46) is almost the same as equation (17), except its last term on the RHS
also includes country S’s exports to country T, i.e country S’s total gross exports to the
world.

It is important to note that the value-added multipliers of country S and R are exactly
the same in the 3-country, 2-sector model as in the 2-country, 2-sector case. As specified
in equations (18) and (19), the value-added multiplier of country T can be defined in a
similar way:

5 pts
v -b ]2 | v an)
PR
and the sum of equations (18),(19) and (47) equals unity, i.e:
VB* +V'B" +V'B* =1 1] (48)

Using equations (18), (19), (47) and (20), the value of country S’ gross intermediate
exports in the 3-country, 2-sector model can be decomposed in a similar way as the 2-

country 2-sector case as follows:
sr sr r S| Ss S| Ss sr sr r
|:all alZ :||:Xl j| — |:V1 Ill + V2|21 :|# |:all aiLZ :||:X1 }
sr sr r S| Ss S| Ss sr sr r
a21 a22 X2 Vl I12 + V2|22 a21 a22 XZ
S|4 SS S|y SS S| Ss S| Ss sr sr r
+ |:Vl bll + V2b21:| _ |:Vl Ill + V2|21:| # |:all alZ :|{Xl :| (49)
S|4 SS S| SS S| Sss S| Sss sr sr r
Vl b12 + VZ b22 Vl |12 + V2 I 22 a21 a'22 X2
. {v{ b; +v3bj; }# {af{ a }{x; } . {v{ bf; + Vi3, }# {af{ a }{x{ }
rrs rrs sr sr r tts tnts sr Sr r
Vl blZ + V2 b22 a21 a'22 X2 Vl b12 + V2 b22 a21 a22 XZ
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Insert equations (43) and (46) into equation (49), we can obtain the full

decomposition of country S’s intermediate goods exports in the 3-country, 2-sector model

as:
sr Sr r SS sr sr rr r rr
|:an a; }{Xl} {Vl 15 +V315; } |:311 aiz}{ : ﬂ{yl }
sr sr r SS S| SS sr sr r 118 r
Ay Ay | X Vil +v3l5 | [ay as by by | Y;
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vily +V2|22 | 2 a22__b21 bzz__yz AL s +V315 18 a22__b21 bzz__yz
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Finally, based on the Leontief insight, country S’s final goods exports can be
decomposed into country S, R, and T ’s value-added as follows:

{yfvafbff +v§b§i}#{yfva;b;: +vib] Hv{bﬁw;b;z} [yl

Yo | [vibo +Voby | Yy | [viby; +viby vibiy +V3by || YS

i}#[yfr
> ] LYs

} (51)
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Combine equations (50) and (51), we obtain the gross exports decomposition

equation in the 3-country, 2-sector model:

M _ [vfbff +v§b§:}#{
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Equation (52) is similar to equation (24) but with seven additional terms, all of

which involve the third country T.

Four of them are domestic value-added components. The third term is country S’s
domestic value-added in its intermediate exports used by the direct importer (country R)
to produce intermediate exports to the third country T for production of county T's
domestic final goods; the fourth term is domestic value-added in country S’s intermediate
exports used by the direct importer (country R) producing final goods exports to the third
country T; the fifth term is domestic value-added in country S’s intermediate exports used
by the direct importer (R) to produce intermediate exports to the third country T for its

production of final goods exports that are shipped back to the direct importer country R;
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and the seventh term is domestic value-added in country S’s intermediate exports used by
the direct importer (R) to produce intermediate exports to the third country T for its

production of final goods exports that are shipped back to the source country S.

Two of the seven additional terms are foreign value added components. The
thirteenth term is foreign value added from the third country T used by country S's first
and second sectors to produce final exports from country S. Adding up the first (domestic
value-added from source country S), eleventh (foreign value-added from country R) and
thirteenth term (foreign value-added from country T) accounts for 100% of the value of
the final exports in country S by sector.

The fourteenth term is foreign value added from the third country T used to produce
the first and second sectors’ intermediate exports of country S, which are then used by
country R to produce its domestic final goods. Summing the eleventh though the
fourteenth term, the two elements in the resulted vector are total foreign value added

embodied in the first and second sectors’ gross exports of country S respectively.

Similar to the ninth term in equation (24), the last two terms in equation (52) are
foreign value added (value-added from country R and T) embodied in the first and second
sectors’ intermediate exports used by country R to produce its final and intermediate
goods exports to the world (sum of exports to country S and T), which are foreign double

counted terms in country S’s gross exports.

Coming to the rest of the six terms in equation (52), the first, second, sixth, eighth,
ninth and tenth terms have similar economic interpretations as the first six terms in
equation (24), so we do not repeat them here to save space. The sixteen terms 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 complete gross exports accounting at the bilateral/sector level made by

equations (52) is also diagrammed in Figure 1.

With equation (52), our bilateral gross exports decomposition equation in hand, we
are ready to discuss how to properly define the value-added exports to gross exports ratio
(VAX ratio) and double counting measure at the bilateral and the sector level. It is easy to

show that the VAX ratio based on forward-looking linkage as defined by Johnson and
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Noguera (2012) is not well behaved at the bilateral/sector level and cannot be used as a
summary measure of value-added content of gross exports and double counting except at
the country aggregate level. The proper measure can be defined at the bilateral/sector
level is domestic value-added in exports that are absorbed in foreign countries. The
reason is very intuitive. Since bilateral value-added trade between country S and R is
value-added produced in country S but absorbed in country R by definition, due to
indirect value-added trade via third countries, two countries can have a large volume of
value added trade (measured by forward linkages) even when they have no gross trade.
Therefore, it is not possible to define a well-behaved ratio of value-added exports to gross
exports that is upper bounded at 1, which can be used as a summary measure of value-
added content of gross trade and double counting at the bilateral level. The correct
measure is the share of domestic value-added that is absorbed abroad in gross exports. No
destination or partner country constraints should be imposed as long as the value-added
finally stays and is absorbed abroad. Decomposition equation (52) shows clearly that
bilateral value-added trade flows between two countries could deviate from gross
bilateral trade due to the existence of terms 3, 4, 5. While summing up 100% gross
bilateral exports flows, these value-added terms have to be counted. However, when the
bilateral/sector decomposition is aggregated to the country/sector level, the VAX ratio
computed based on backward linkage equals domestic value-added in exports that stay
abroad. At the country/sector level, because there is no need to impose any particular
destination country (as long as no value added returns home), the definition of value-
added exports can be consistently maintained. In such a case, only the backward linkage
based VAX ratio defined in this paper is upper bounded at 1, while the forward linkage
based VAX ratio is not.

Proposition C: In a three or more country world, dv(eﬁr), domestic value-added in

gross bilateral exports of sector k of country S, is always less than or equal to e,", the

sector level bilateral gross exports. Therefore domestic value-added in exports to gross
exports ratio is upper-bounded at 1.
Proof: From equation (52), domestic value-added in gross exports equals the sum of

the first eight terms:
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Re-write into scalar notation:
dv(ef'):ivfbff ys +Zv,| Zz iy, +Zv,| ZZafJ’bJ’; y!
+zv,|sszzaf;b;; u+zv,|sszzafjb;; y

(53)
Extend to N sectors:
dv(e;r)z ivfbfj +ZZZV, lagbiy, +ZZZV, lag by,
+ZZZV.'SSaEI A +ZZZV.'SSaEf Yy
(54)
Since both Zn:vi ° and Zv, Ii  lessthan 1,
i are
dv( )< yk +asfbl’ryu +aSI’bI’t yu +asrbrryu asrbrt yu
<ek _yk +akrbrl’yu +akl‘bl"[ yu +akrbl’l‘yu I‘brt yu +akl‘bl‘l‘yu
+ akrbft yu + akrbrs yu + akfbfs yu + akrbrs yu (55)
e, zdv(elf’), ie., %e;r)sl.
k

2.3.2 A numerical example

Relative to the example in Section 2.2.4, an additional country T is added. The

corresponding ICIO table is listed in following tables:
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Table 4

Country S R T Ys YR YT Gross

Sector |1 |s2 |RL |R2 |TL | T2 output

S1 1 1 0 0 0 0 9/10 1/10 0 3

s S2 0 1 0 1 0 0 1 0 0 3

R1 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 input 3 3 3 4 3 3

Gross intermediate and final good exports matrix is

[0 /10 0] [0 0 O] [0 1/10 O]

0 0 0O/|010/]|0 1 O

0 0 0O/|00O0||0 O O
E=EIl+EF= + =

0 0 1//000/|0 0 1

1 0 0/[1200/(2 0 O

0 0 O0/|00O0||0 O O

The direct in_put 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

/313 0 0 0 O [3/2 3/4 3/20 3/10 0 O

0 1/3 0 /4 0 O 0 3/2 3/10 3/5 0 O
N 0 0 1314 0 O 5 0 0 9/5 35 0 0
0o 0 1314 0 0| |0 O 4/5 85 0 0

Y3 0 0 0 1/3 0 3/4 3/8 3/40 3/20 3/2 O
0 0 0O 0 VU3 13| |3/8 3/16 3/80 3/40 3/4 3/2

(312314 0 0 O
0 32 0 0 O
0 0 9/535 0
0 0 4/58/5 0
0
0

o O O o

0 0 0 32 0
0 0 0 3/4 3/2

V=[l/3 13 1/3 1/4 13 1/3
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Applying decomposition equation (52), we can fully decompose each of the three
countries’ gross bilateral exports into the sixteen value-added and double counted
components as reported in table 5. Detailed computation is listed in Appendix G

This example shows that VAX ratio based on both forward-looking and backward-
looking linkage cannot be meaningfully defined for bilateral gross exports at both the
sector and aggregate levels due to the presence of indirect value-added trade via third
countries. There are 6 out of the 12 bilateral VAX ratios at the sector level defined by
Johnson and Noguera (2012) that go to infinity (Column 21 of table 5). For bilateral VAX
ratio at the sector level based on backward linkage, there are four cases with an undefined
VAX ratio (column 23). The aggregate bilateral VAX ratio is also undefined in 2 out of
the 6 routes in this simple example for both the forward-and backward-looking linkage
based VAX ratios (row ST and TR). The only meaningful measure for bilateral flows is
the share of domestic value-added that stays abroad with no restriction on particular
foreign country as its final destination (column 20). It is also the proper measure of value-
added content of trade for bilateral flows; one minus this quantity can be used as an index
of double counting in official bilateral gross trade statistics.

Summing all bilateral partners over sectors, we obtain the country/sector level VAX
ratio based on backward-looking linkage that is consistent with the definition of value-
added exports, while VAX ratio defined as Johnson and Noguera remains undefined.
When either summing over all bilateral partners or summing over all sectors, the two
measures of value-added exports equal each other, but are still different from domestic
value-added that stays abroad due to indirect value-added trade via third countries. Only
at the country aggregate level, the three measures are exactly the same. This clearly
demonstrates that Johnson and Noguera’s VAX ratio can only be used as the measure of
factor content of trade and (1 minus VAX ratio) double counting at the country aggregate
level. All the economic reasoning and econometric work based on their bilateral and
sector level VAX ratios are very likely to be incorrect.

To save space and focus attention on the economic intuition behind decomposition
equations rather than complicated technical details, the general case with arbitrary

numbers of countries and sectors is discussed in Appendix H for interested readers
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3. Decomposition Results for 40 Economies during 1995-2011

In this section, we apply our gross trade accounting method to the World Input-
output Database (WIOD), which was developed by a consortium of eleven European
research institutions with funding from the European Commission. The database is a time
series of inter-country input-output (ICIO) tables from 1995 to 2011, covering 40
economies including most major industrialized countries and major emerging market
trading nations. Timmer et al. (2012) provide a detailed description of this database.

Our entire decomposition results consist of many GN (1435) by G (41) and GN by
GN matrices each year, collectively taking up more than 25 gigabytes of storage space.
We will provide these results on our website. To illustrate the estimation outcomes in a
manageable manner for its usefulness, we now provide a series of examples, which are
selected and processed from subsets of the detailed results. To facilitate digestion, we
organize them into a few categories:

(A) Decomposing a country’s sector level gross exports into four buckets: domestic
value added that is ultimately absorbed abroad (DVA for short), foreign value
added used in the production for the exports (FVA for short), returned value
added or the portion of domestic value added that is initially exported but
ultimately returned home by being embedded in the imports from other countries
and consumed at home (RDV for short), and pure double counted terms (PDC)
due to the back and forth intermediate goods trade.

(B)  Decomposing the FVA by source in a country’s sector-level exports;

(C)  Distinguishing and comparing a backward-looking measure of domestic value
added embedded in a country-sector’s gross exports and a forward-looking
measure of value added that is originated from a country-sector but is embedded
in the gross exports from all sectors of that country;

(D) A new measure of revealed comparative advantage that takes into account both
domestic and international production sharing.

(E) Decomposing bilateral-sector trade;

(F)  Characterizing types of international production sharing at the sector level.

(G) Tracing structures of Vertical Specialization (VS) across countries and over

time.
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3A. Decomposing gross exports at the country-sector level

We first look at the decomposition for the gross exports of US transport equipment
sector (WIOD sector 15). The transport equipment sector, including automobiles and
airplanes, is one of the most important export sectors for the United States. The
decomposition for 1995-2011 is presented in Table 6a. Column 2 records the gross
exports in millions of dollars (current price). In the next four columns, we report the four
major components, expressed in percentage of gross exports. Figure 2a provides a
graphic presentation of the decomposition results.

On average, domestic value added that is ultimately absorbed abroad (DVA) is about
70% of gross exports, while foreign value added (FVA) that is embedded in US transport
equipment exports is somewhere between 12-22% of the gross exports.

The remaining parts consist of returned domestic value added (RDV) and pure
double counting (PDC). When we compare with the next example (Mexico’s electronics
exports), we will see that the RDV share for the US transport equipment exports is
relatively high. This suggests that a fraction of the US exports are parts and components
that are used as intermediate inputs in the production of transport equipment or refined
components that are re-imported back to the United States.

The four components exhibit different trends. Clearly, the FVA share has
increased over time from 12.1% in 1995 to 21.9% in 2011. In comparison, the RDV share
has declined from 12.6% to 5.0% during the same period.

We note that our definition of DVA at the sector level differs from that of VAX
defined by Johnson and Noguera (2012). The VAX measure describes the amount of
domestic value added that originates in this sector (transport equipment) that is exported
and absorbed abroad. It excludes domestic value added originated in other sectors (e.g.,
services) that is exported via the transport equipment sector. The ratio of VAX in gross
exports for the US transport equipment sector is 33.3% in 1995 and 24.8% in 2011, which
are less than half of the DVVA shares in gross exports in the corresponding years.

We now look at the decomposition of Mexico electronics (WIOD sector 14) exports.
The results are presented in Table 6b and Figure 2b, respectively. An important feature of
this example is the relatively high share of foreign value added in Mexico’s exports in

this sector. Indeed, FVA is often higher than DVA, driven in a significant part by imported
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components in the Marquiladora factories. Note that RDV is too small to be visible in
Figure 2b.

3B. Decomposing foreign value added (FVVA) by source countries

We go back to Example 3.Al, the US transport equipment exports. Our
decomposition formula allows us to trace the FVVA in that sector to the original countries.
The evolution of the top five foreign suppliers of value added in the US transport
equipment sector is presented in Figure 3a. In the 1990s and early 2000s, Japan and
Canada are the top two suppliers of foreign value added. However, in more recent years,
China has become the top supplier, followed by Canada and Mexico.

The example of the FVA in German exports in transport equipment is presented in
Figure 3b. Unsurprising, France, Italy, United States, and the United Kingdom are always
among the top suppliers of foreign value added in German transport equipment
production throughout the sample. In terms of relative growth, China stands out in its
own league, from starting as a relatively minor supplier in the 1990s to becoming the
number one supplier by 2011. Poland is also a fast grower as a supplier to Germany,
though its growth rate pales in comparison to China.

The third example is FVA in Mexico’s electronics exports, presented in Figure 3c.
The United States is the leading supplier of foreign value added to Mexico throughout the
sample. However, in terms of relative changes, the most striking feature of Figure 4c is
the rapid rise in China, and a corresponding decline in the United States. The graph
suggests that, in a few years, China may very well overtake the United States as the

leading foreign supplier of value added to Mexico’s electronics sector.

3C. Two Concepts of Exports of Domestic VValue Added at the Country-sector Level

The distinction of the two concepts can be seen via an example of German
business services exports. The first measure of value added is from a recipient or
importing country’s perspective (user perspective), and the domestic value added
embedded in the German business service exports includes German domestic value added
from other German sectors used as inputs in the production of German business service
exports. This notion of domestic value added exports is called a “backward-looking”

measure. Columns 2-5 of table 8 provide a “backward-looking” decomposition, similar to
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example Al and A2. In particular, DVA is the domestic value added from all sectors in
Germany that is embedded in its business service sector exports that are ultimately
absorbed abroad. Unsurprisingly, all the other terms, RDV, FVA and PDC are relatively
small. The DVA is about 93% of the gross exports for that sector.

A second measure, or a “forward-looking” notion of value added exports takes
into account all value added that is originated in German business service exports but is
either directly exported by the service sector or indirectly exported by other German
sectors (producer perspective). For example, if German automobile exports uses German
business services, that constitutes indirect exports of value added from the German
business services, This particular indirect value added exports are a part of the forward-
linkage based exports of value added from the German service sector (although they are
also part of a backward-linkage exports of German value added that is embedded in
German automobile gross exports).

If a sector does a lot of indirect exports of its sector-originated value added via
other sectors, the forward-looking measure value added exports can in principle exceed
that sector’s direct gross exports because indirect exports of that sector’s value added are
not part of that sector’s gross exports. This is indeed the case for German business
services sector. German exports in other sectors commonly embed value added that is
originally from the German business service sector. As we see in Column 4 of Table 8, as
a result, the forward-looking measure of value added exports out of German business
services sector is often 280% to 377% of the sector’s gross exports. (In contrast, the
backward-looking measure of total domestic value added in a sector’s gross exports is
bounded between 0 and 100%.)

These two measures of value added exports at the sector level are useful for
different purposes. If one wishes to understand the fraction of a country-sector’s gross
exports that reflects a country’s domestic value added, one should look at the backward-
linkage based value added for that sector, which by our decomposition formula is DVA =
gross exports — FVA-RDV-PDC. If one wishes to understand the contribution of all value
added from a given sector to the country’s aggregate exports, one should look at the
forward- linkage based measure of value added exports.

We note briefly that our framework allows one to further decompose the



45

backward-looking measure of DVA embedded in a country-sector’s gross exports into
finer components:

DVA = domestic value added embedded in that sector’s gross exports in final goods
(DVA_Fin) + domestic value added embedded in that sector’s gross exports in
intermediate goods that is absorbed in the direct importing country (DVA_INT) +
domestic value added embedded in that sector’s gross exports in intermediate goods but
re-exported and ultimately absorbed outside the direct importing country (DVA_INTrex).

The decomposition results for the DVA in US transport equipment’s gross exports
are presented in Table 9. While column 2 reports the value of gross exports, Column 3 is
the share of DVA in gross exports. Columns 4-6 reports the three components of the DVA:
DVA Fin, DVA INT, and DVA INTrex. As we can see, domestic value added in
intermediate goods exports (DVA_INT+ DVA INTrex) collectively is more important
than DVA in final goods exports .

In principle, we can decompose each of the items into further details. For example,
we can decompose DVA_INTrex into three components for this US industry.

DVA _INTrex = DVA in intermediate exports used by the direct importer to
produce intermediate exports for production in third countries for their domestically
consumed final goods (DVA INTrexll) + DVA in intermediate exports used by the
direct importer producing final exports to third countries (DVA_INTrexF) + DVA in
intermediate exports used by the direct importer producing intermediate exports to third
countries to produce exports (DVA_INTrexlI2).

The numerical results for the decomposition of DVA in US transport equipment
exports are presented in Columns 7-9 of Table 9, all expressed in percentages of
DVA_INTrex.

We also note briefly that our framework allows distinguishing forward-linkage
based value-added exports measure (VAX_F) from GDP by industry in a sectors’ gross
exports, which also includes forward-linkage based measure of domestic value-added in a
given sector but finally returns home (RDV_F) in addition to VAX_F. Such difference is
particular important for countries located on the top of a global value Chain. To save
space, we report some selected industries examples from our decomposition results in

Appendix I.
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3D. A New Measure of Revealed Comparative Advantage

The previous discussion of the forward-looking measure of value added in a sector’s
exports naturally leads to a revised notion of a country-sector’s revealed comparative
advantage. The traditional definition of a country-sector’s revealed comparative
advantage (traditional RCA, for short) is the share of that country-sector’s gross exports
in the country’s total gross exports relative to that sector’s gross exports from all

countries as a share of the world total gross exports.

Formally, denoting e to be the export of good i of country R, and assuming that

there are N commodities and G countries engaged in trade, then the traditional RCA is
defined as:

(56)

=1

When the RCA exceeds one, the country is said to have a revealed comparative
advantage in that sector; when the RCA is below one, the country is said to have a
revealed comparative disadvantage in that sector.

The traditional RCA ignores both domestic production sharing and international
production sharing. To be more specific, first, it ignores the fact that a country-sector’s
value added may be exported indirectly via the country’s exports in other sectors. Indirect
exports of a sector’s value added should be included in a conceptually correct measure of
a country’s sector’s comparative advantage. Second, it also ignores the fact that a
country-sector’s gross exports partly reflect foreign contents (which show up in both FVA
and a portion of PDC). A conceptually correct measure of comparative advantage needs
to exclude foreign-originated value added and pure double counted terms in gross exports
but include indirect exports of a sector’s value added through other sectors of the
exporting country.

Taking into account both domestic and international production sharing, we
propose to define a new measure of a country sector’s revealed comparative advantage
(new RCA for short) as the share of a country-sector’s forward-looking measure of
domestic value added in exports in the country’s total domestic value added in exports
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relative to that sector’s total forward-looking domestic value added in exports from all
countries as a share of global value added in exports®. The new RCA measure, or NRCA
for short, is:

G

e e D (vax_f"+rva_f")
NRCA' = nvax_ T +rva_f, - (57)

> (vax_ f" +rva_f") Zn:i(vax_ f +rva_f")

i=1

We now report two pairs of examples. First, we compute and plot the RCA, both
the traditional and the new definitions, for China and the United States, respectively, in
the sector of electric and optimal equipment. The time series profiles of the RCA for
China, computed by both methods are presented in the left graph of Figure 5a. If one
looks at the traditional measure of RCA, this is a strong comparative advantage sector for
China, with the RCA exceeding 2.5 since 2007. In contrast, when our new measure of
RCA is used, the RCA takes on a much lower value, about 1.8 in recent years.

The RCA for the US in this sector is plotted in the right graph of Figure 5a. We
see an even bigger divergence between the new and traditional measures of RCA. By the
traditional measure, electric and optical equipment has become a comparative
disadvantage sector for the United States since 2003. However, by the new measure, not
only this sector remains to be a comparative advantage sector for the United States, the
strength of the RCA has in fact increased in recent years. The divergent trends in the new
and traditional measures of the RCA for the United States illustrate the potential
misleading nature of the traditional measure. While the traditional measure based on the
gross trade data tells a seemingly sobering story of a decline in the US competitiveness in
the manufacture of electrical and optical equipment, our new measure reveals the
continued robustness of the US comparative advantage in the industry.

For the second pair of examples, we look at the RCA for India and Germany,
respectively, in the business services sector. The traditional and new measures of the
RCA for India are plotted in the left graph of Figure 5b, whereas the two measures for

Germany are plotted in the right graph. India’s business services exports are legendary

® Note that the measures of domestic value-added in exports used to compute revealed comparative
advantage is based on forward looking linkage. That is, it includes the indirect exports a sector’s value
added through the gross exports of all downstream sectors. This is consistent with the factor content of
trade in the trade literature.
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due to media reports about Infosis, Wipro, and call centers. Interestingly, the strength of
the RCA for Indian business services is weaker under the new measure than under the
traditional measure. In contrast, German business services exports attract less media
attention than its manufacturing sector export successes. However, while the business
services appear to be a comparative disadvantage sector for Germany based on gross
exports (with traditional RCA < 1 throughout 1995-2011), it is a comparative advantage
sector by our new measure that takes into account domestic and international production
sharing. For India, the domestic business services sector contributes relatively little to the
production and exports of other sectors. For Germany, the opposite is the case; the
domestic business services sector is a significant contributor to the production and
exports of automobiles, machineries, and other products. Once indirect exports of
domestic business services are taken into account, Indian’s business service exports

become much less impressive relative to Germany and many other developed countries.

3E. Decomposing Bilateral-Sector Level Exports

We first consider the US — China bilateral trade in electronics and optimal
equipment. Among all bilateral sector level trade flows in recent years, this is the single
biggest item in recent years measured by the volume of gross trade, with the sum of the
two-way flows reaching 212 billion dollars in 2011. By the gross statistics, presented in
Column 1 of Table 10, the trade is highly imbalanced, with the Chinese exports ( $176.9
billion in 2011) being five times that of the 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 10), we see that most of the Chinese exports consist of final goods,
whereas most of the US exports consist of intermediary goods.

We provide a decomposition of the trade flows for selected years (1995, 2005, and
2011) in Columns (3)-(7) of Table 10. More precisely,

Column (1) = (3)+(4)+(5)+(6)+(7), where Column (3), DVA, represents the
exporter’s domestic value added that is ultimately absorbed by other countries, including
both the direct importing country and other foreign countries; Column (4), RDV, 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 FVVA that comes from the direct
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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) + (3c), that is, the DVA part is further decomposed into
DVA in final goods, DVA in intermediate goods absorbed by the direct importer, and
DVA in intermediate goods re-exported and ultimately absorbed in third countries.

The decomposition results show that the US and Chinese exports have very
different structures. First, the DVA as a share of the gross exports is much higher for the
US exports (81% in 2011) than for the Chinese exports (about 70% in 2011)°. Second,
correspondingly, the FVA share (MVA+OVA) is higher for the Chinese exports than for
the US exports. This is especially true for the OVA share in China. In other words, the US
exports rely overwhelmingly on its own value added (only 2.1% from China and 7.6%
from other countries in 2011), whereas the Chinese exports use more foreign value added,
especially value added from third countries (with 3.1% from the United States and 23.1%
from Japan, Korea, and all other countries). Third, whereas the RDV 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 on 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 returned home as embedded in imports from
other countries. In comparison, China is in the downstream of the chain; very few of its
value added come home as intermediary goods in other countries’ exports. This 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 export to China.

The decomposition of DVA into (3a), (3b) and (3c) also reveals differences
between the two exporters. In particular, the DVA in the Chinese exports to the United
States is dominated by DVA in the final goods, where the DVA in the US exports is
dominated by DVA in intermediate goods that is absorbed by China.

As a consequence of these differences in the structure of value added composition,
the China — US trade balance in this sector looks much smaller when computed in terms

% Because WIOD data do not distinguish processing and normal trade, the domestic value added share for
China is likely to be overestimated (Koopman, Wang and Wei, 2012).
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of domestic value added than in terms of gross exports. In Column (8), we report
forward-linkage based value added exports, or VAX_F. Because this concept captures
value added originated 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 electric and optical equipment sector, it is generally not the same
as DVA at the bilateral sector level, and in our application, VAX_F is smaller than DVA
(This is generally true for downstream sectors).

In Column (9) of Table 10, we report backward-linkage based value added exports,
VAX _B, reflecting all exporting country’s value added (from all upstream sectors) that is
exported via this sector and absorbed by the direct importing country, including value-
added embodied in the source country’s gross exports to third countries, but finally
absorbed by the partner country. Because exporter’s domestic value added that is
exported to and absorbed by a particular partner country indirectly via third countries can
be either larger or smaller than exporter’s domestic value-added embodied in its
intermediate goods re-exported by the partner country to and absorbed by third countries,
VAX_B (e.g., 76% and 85.2% for Chinese and US exports in 2011 respectively ) at the
bilateral sector level is generally different from DVA (69.6% and 80.8% of Chinese and
US gross exports in 2011 respectively).

We report the US-China bilateral balance of trade in electric and optical
equipment sector by gross and the two value-added trade measures in Figure 6a. It is
important to understand that at the bilateral/sector level, DVA, different from both
VAX_F and VAX_B (both of them deviate from gross trade flows), is only part of gross
trade flows (so it is the only value-added measure that is consistent with bilateral gross
trade flows), but not a measure of bilateral value-added trade flows, because it includes a
portion of value-added that is absorbed by other countries (while both VAX F and
VAX _B are absorbed by the importing countries).

Our second example is the China-Japan trade in rubber and plastics. We perform a
similar decomposition as above (details omitted to save space). We then plot the three
different types of trade balance measures: in gross exports, VAX_F, and VAX_ B,
respectively in Figure 6b. As we can see, due to the vast differences in the structure of

value added in exports by the two countries, the trade balance looks different, often with
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a sign switch, as we move from one measure to the other.

3F. Patterns of Production Sharing by Sector and Country

As our decomposition formula allows us to not only capture the vertical
specialization (VS) share but also the source countries of FVA, we can use the
information to characterize the type of production sharing arrangements by country and

sector.

In Table 11, we report the average values of VS shares across all countries in 1995
and 2011, for each of the 35 sectors, in Columns 2 and 3, respectively. We sort the sectors
in descending order of the value of the average VS share in 2011. The sectors with the
highest VS shares in 2011 are electric (and optical) equipment, transport equipment, basic
medals, machinery, and rubber and plastics. The sectors with the lowest VS shares are
private household (services), education, real estate, public administration, and retail trade.

These numbers and the sector order are hardly surprising.

For a given sector, we summarize the distribution of countries in each type of
production sharing in Columns 4-6. If the VS share is less than 10%, we label that
country-sector as following a national production arrangement. If the VS share exceeds
10%, we label the country-sector as following a cross-country production sharing. We
further divide the latter into two categories: if intra-regional sourcing accounts for 60% or
more of the VS, we label it as using regional production sharing; otherwise, we label it as
using global production sharing. As an example, for the electric (and optical) equipment
sector, only one country follows a national production arrangement, whereas 39 countries
have significant cross-country production sharing. Within the latter group, 15 countries
follow a regional sharing arrangement, and 24 countries follow a global sharing
arrangement. By this set of definitions, we find that it is common to see a global
production sharing arrangement in the electric equipment, machinery, rubber and plastics,

air transport, water transport, textile and leather and footwear industries.

We can also get more details about any particular sector. As an illustration, in
Table 12, we zoom in on the transport equipment sector. We list the major developed and

emerging market economies in the first column, ordered by the volume of gross exports
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in that sector in 2011 (recorded in the second column). The largest exporters of transport

equipment are Germany, United States, Japan, France, Korea, and China.

For each country, we report the top markets for their transport equipment exports
in Column 3. For example, for Germany, the largest markets are France, the United States
and China. For the United States, the largest markets are Canada, Mexico, and China. In
Column 4, we report vertical specialization as a share of the gross exports. All countries
on this list have a relatively high VS share, often in excess of 30%. This confirms that
transport equipment sector is highly integrated both regionally and globally; production
in most countries relies on parts and components made in some foreign countries. In
Columns 5 and 6, we report the share of VS coming from within the same region of the
country and from outside the region, respectively. Generally speaking, European
countries source heavily from other European countries, though they also import value
added from outside the region. Most countries outside Europe tend to source globally,
with value added from countries outside the region accounting for more than half of the

overall VS.

If one wishes to test theories about determinants of offshoring and outsourcing,

such information can be very useful.

3G. Tracing Structures of Vertical Specialization across Countries and over Time

Vertical specialization or VS, defined as foreign contents in a country’s gross
export is a summary statistic to measure international production sharing widely used in
the literature (e.g., HIY, 2003, and Antras, 2013). However, as showed by our gross
exports decomposition formula, there are different components within VS and each of
these components have different economic meanings and represent different types of
cross-country production sharing. For example, large share of foreign value-added in a
country’s final goods exports (FVA_FIN for short) 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 for

short) may imply the country is upgrading its industry to start producing intermediate



53

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 of foreign value-added in a country’s exports (FDC for short)
can only occur when there is back and forth trade of intermediate goods. An increasing
weight of FDC share in VS indicates the deepening of cross-country production sharing.
Intermediate goods have to cross national boarders multiple times before they are used
into final goods production. Therefore, knowing the relative importance of these
components and their trend of change 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
driver of the general increase of VS in a country’s gross exports during the last two

decades.

As shown in Table 13, across all countries and all sectors, the total foreign content
(VS) sourced from manufacturing and services sectors used in world manufacturing
goods production has increased by 8.3 percentage points (from 22.5% in 1995 to 30.8%
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 FDC. 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
more trade of intermediate goods that cross national boarders multiple times is what gives
the rising share of PDC.

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 44.5% in 1995 to
40.6 in 2011), and because the share of foreign value-added in intermediate goods exports)
in total VS stayed almost constant, the increase of VS share in world manufacturing
exports is driven mainly by an increase in FDC share (from 19.5% in 1995 to 25% in
2011). If this trend continues, the FDC 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
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FVA_INT and FDC, these two components involving intermediate goods trade have
already accounted for about 60% of the total manufacture 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 14
reports total VS and its structure in electric and optical equipment exports for six Asian
countries: 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 rapid expanding in FCD. Taiwan’s VS structure is an
informative example (presented in right bottom 5 rows in Table 14). As Taiwan is an
important supplier of parts and components, and crucially, as Taiwan often occupies
several different positions on 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 FDC and FVA_INT already exceed 80% of its total VS (or 40% of its
gross exports) since 2005. In comparison, for other developing Asian countries such as
China, India and Indonesia (presented in the left panel of table 14), the share of FVA_FIN
still accounts for about 50% its 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 FDC,
while FVA_INT stayed relatively stable; for Indonesia, it was driven by the rapid
expanding of both FVA_INT and FDC. Both of them increased more than 10 percentage
points during this period, indicating that there was rapid upgrading of Indonesia’s electric
and optical equipment industries. While for India, the later-comer in Asian and global
production network of electric and optical equipment, its share of FVA-FIN rises (from
38.2% in 1995 to 52.8% in 2011) and FVA_INT share continued to decline (from 40.2%
in 1995 to 25.3% in 2011), while FDC share stayed relatively stable in the last 17 years.
This might result from 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.
These empirical evidences indicate that the structure of VS in addition to its total sums

offer additional information about each country’s respective positions in the global value
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chain.

We want to end this section with a note of caution in using sector-level
decompositions. As discussed in KWW, the lack of information in current global 1CIO
database on how imported inputs are distributed among sector users within each country
may introduce unknown noises into both sources of value added in gross exports and
value added trade estimates at the sector level. If we focus on country/sector rankings
rather than the exact numerical values, the impact of noises is likely to be smaller.

4. Concluding Remarks

This paper aims to deliver two outputs. The first is an accounting framework that
allows one to decompose gross exports at the sector, bilateral, or bilateral sector level into
four major parts: (a) domestic value added that is absorbed abroad, (b) domestic value
added that is initially exported but eventually returned home, (c) foreign value added, and
(d) pure double counting terms. Our framework in fact allows one to further decompose
each of the four major parts above into finer components with economic interpretations.
For example, we can decompose FVA in a country-sector’s exports into different source
countries; we can also trace exports of value added by channels, whether they are
embedded in final goods exports, intermediate goods exports that are absorbed in the
direct importing countries, or intermediate goods exports that are re-exported and
absorbed outside the direct importing countries.

The second output is a decomposition of bilateral sector exports from 40 trading
nations in 35 sectors from 1995 to 2011 based on the WIOD database. Because the full
decomposition output takes up 25 gigabytes of space, we illustrate potential usefulness of
the resulting data by a series of examples that are subsets of the overall decomposition
output. For example, we show how we may meaningfully distinguish a forward-linkage
based measure of domestic value added from a sector that indirectly exports of its value
added through other sectors’ gross exports from a backward-linkage based measure of
value added that includes the value added contributions from other domestic sectors.
Based on the decomposition results, we can also correct some shortcomings of a popular

measure of revealed comparative advantage and derive a new measure that takes into
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account both domestic and international production sharing.

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.
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Table 5: Gross exports decomposition results:

3-country, 2-sector numerical example

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 | T11 | T12 T13 T14 T15 T16 Gross DVA %of | VAX_F | VAX_F | VAX_B | VAX_B
exports DVA J&N Ratio Wwwz Ratio
MA@ |6 6O 6O 10|01y |12 | 13) | 14 | (15 | 16 | (A7) (18) | (19) | (20 (21) (22) (23)
SR1|1/20| O 0 0 0 0 0 0 0 0 0 0 0 120 | 0O 0 1/10 1/20 50% 1/5 200% 1/5 200%
SR2 0 |920| 0 |3/10]| O 0 0 0 0 0 0 0 0 0 |3/20 | 1/10 1 3/4 75% | 3/10 30% 3/10 30%
ST1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0% 1/10 © 0 0%
ST2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0% 1/5 0 3/10 0
RT1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0% 1/5 0 0 0%
RT2 | 3/5 0 0 0 0 0 0 0 0 0 |L10] O 0 |310| O 0 1 3/5 60% 2/5 40% 3/5 60%
RS1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0% 0 0% 0 0%
RS2 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| O 0 |1/10]| O 0 0 0 0 0 0 0 0 2 19/10 | 95% | 17/20 43% 19/20 73%
TS2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0% | 17/20 0 1/4 e
TR1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0% 1/10 0 1/10 0
TR2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0% 1/10 0 1/10 0
SR | 1/20 |9/20| O |3/10| O 0 0 0 0 0 0 0 0 1/20 | 3/20 | 1/10 | 11/10 4/5 73% 1/2 45% 1/2 45%
ST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0% 3/10 0 3/10 0
RT | 3/5 0 0 0 0 0 0 0 0 0 |110] O 0 [310| O 0 1 3/5 60% 3/5 60% 3/5 60%
RS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0% 0 0% 0 0%
TS 1 | 710|320 | 120 | O 0 |1/10] O 0 0 0 0 0 0 0 0 2 19/10 | 95% | 17/10 85% 17/10 85%
TR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0% 1/5 0 1/5 0
120 [ 9/20 | 0 |3/10| O 0 0 0 0 0 0 0 0 1/20 | 3/20 | 1/10 | 11/10 4/5 73% 4/5 73% 4/5 73%
3/5 0 0 0 0 0 0 0 0 0 |10 | O 0 |310| O 0 1 3/5 60% 3/5 60% 3/5 60%
1 |7/10|320|120| O 0 |1/10] O 0 0 0 0 0 0 0 0 2 19/10 | 95% | 19/10 95% 19/10 95%
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Note: Terms in Table 5 and Equation 52

Description

T1 DVA exports in final goods exports

T2 DVA in intermediate exports to the direct importer and is absorbed there

T3 DVA in intermediate exports used by the direct importer to produce intermediate exports for
production of third countries' domestic used final goods

T4 DVA in Intermediate exports used by the direct importer producing final exports to third countries

T5 DVA i_n Intermediate exports used by the direct importer producing intermediate exports to third
countries

T6 Returned DVA in final goods imports -from the direct importer

T7 Returned DVA in final goods imports -via third countries

T8 Returned DVA in intermediate imports

T9 Double counted DVA used to produce final goods exports

T10 Double counted DVA used to produce intermediate exports

T11 Direct importer's VA in source country’s final goods exports

T12 Direct importer's VA in source country’s intermediate goods exports

T13 Third countries' VA in final goods exports

T14 Third countries’ countries' VA in intermediate goods exports

T15 Direct importer’s VA double counted in exports production

T16 Third countries’ VA double counted in exports production

Table 6a: Decomposition of US Transport Equipment Exports(WIOD sector 15)

Year Gross DVA Share FVA Share RDV Share PDC Share
) Exports (% of (2)) (% of (2)) (% of (2)) (% of (2)
&3] (€) 4) () (6)
1995 90737 69.9 12.1 12.6 5.4
2000 124345 66.7 12.0 14.5 6.8
2005 150442 65.5 15.1 11.8 7.5
2007 194374 67.2 16.6 8.9 7.3
2009 158999 74.1 15.8 5.1 49
2010 179540 67.4 20.7 5.2 6.6
2011 198891 66.2 21.9 5.0 6.8
Notes

Term Description

DVA Domestic Value Added in exports absorbed by other countries

FVA Foreign Value Added in exports that is absorbed in foreign countries

RDV Domestic Value Added that is first exported but finally return home

PDC Pure double counting due to two-way intermediate trade
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Table 6b: Decomposition of Mexico Electrical and Optical Equipment Exports
(WIOD sector 14)

Year Gross DVA Share FVA Share RDV Share PDC Share
) exports (% of (2)) (% of (2)) (% of (2)) (% of (2)
(2 ©)] 4 (5) (6)
1995 17394 45.4 495 0.2 5.0
2000 46483 44.5 49.1 0.3 6.1
2005 54983 40.9 48.8 0.4 10.0
2007 69083 41.8 47.8 0.3 10.0
2009 56401 42.9 48.7 0.3 8.1
2010 67893 40.0 50.6 0.3 9.1
2011 71397 38.4 52.1 0.3 9.2

Table 7a: Main Source Countries for Foreign Value Added in US transport
equipment exports (WIOD sector 15) (Unit: % of gross exports)

Year 1995 | 2000 | 2005 | 2010 2011
F\gﬁozz Z‘;;’s:tes of | 1604 | 1691 | 2087 | 2561 26.98
China 044 | 073 | 193 | 414 452
Canada 2.51 2.87 3.21 3.18 3.26
Mexico 094 | 125 | 180 | 269 2.90
Japan 365 | 284 | 255 | 275 2.70
Germany 124 | 124 | 169 | 176 1.85
Korea 062 | 048 | 069 | 095 1.05
United Kingdom 088 | 111 | 092 | 092 0.92

Table 7b: Main Source Countries for Foreign Value Added in German transport
equipment exports (WIOD sector 15) (Unit: % of gross exports)

Year 1995 | 2000 | 2005 | 2010 | 2011
gr\(/)SAS > ;/gr‘;z 2098 | 2753 | 2082 | 3300 | 34.43
China 027 | 057 | 107 | 266 | 286
France 265 | 298 | 293 | 270 | 279
Italy 197 | 219 | 234 | 214 | 245

USA 189 | 302 | 224 | 230 | 227
United Kingdom | 1.65 | 236 | 225 | 18 | 196
Poland 048 | 104 | 136 | 15 | 167
Austria 1.47 1.41 1.68 1.67 1.65
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Table 7c: Main Source Countries for Foreign Value Added in Mexico’s
electronics exports (WIOD sector 14)(Unit %)

Year 1995 | 2000 | 2005 | 2010 | 2011
gr\{)g > ;/gr‘g 5416 | 5489 | 5836 | 50.37 | 60.96
USA 3480 | 3396 | 2065 | 1825 | 18.12
China 073 | 136 | 699 | 1421 | 1535
Japan 457 | 371 | 58 | 403 | 364
Korea 124 | 176 | 292 | 319 | 343
Germany 2.09 1.95 2.90 241 2.42
Taiwan 094 | 106 | 205 | 18 | 177
Canada 115 | 139 | 135 | 145 | 140

Table 8: German Business Services Exports (WIOD sector 30)

Backward looking (Share) Forward looking (Ratio)
Year TEXP DVA FVA RDV PDC VAX_F RVA_F

(1) (2 (%0f(2) | (Yof(2) | (Yof(2) | (Yof(2) | (to(2) (% to (2))
®) (@) (©) (6) @) (8)
1995 14725 93.2 2.7 3.2 0.9 377.3 74
2000 19597 91.8 38 2.8 15 344.0 6.8
2005 43240 92.9 38 2.0 1.3 293.2 5.2
2007 58061 92.0 4.0 21 1.9 291.1 51
2009 59629 92,5 34 23 1.8 278.7 4.8
2010 59814 93.0 3.9 1.8 1.4 282.8 4.3
2011 62854 92.8 4.0 1.8 15 291.6 4.7

Table 9: Structure of DVA US Transport Equipment Exports (WIOD sector 15)

Year Gross DVA DVA Fin | DVA_INT IRI\'I/'éex DVA_INTrexI1 | DVA_INTrexF | DVA_INTrexI2
exports ©of(2) | ©%of(3) | (Wwof@) | = (% of (6)) (% of (6)) (% of (6))
@ @) @) @) 6 | gD @) ® ©)
1995 9,715 915 455 35.7 18.8 43.5 45.4 111
2000 13,671 88.0 447 30.6 24.7 39.9 46.2 13.9
2005 15,768 85.7 36.6 32.6 30.8 43.1 41.7 15.2
2007 18,003 82.8 34.1 33.0 32.9 43.1 41.2 15.6
2009 12,918 84.7 355 36.3 28.2 44.5 41.5 14.0
2010 15,729 83.2 34.8 36.3 28.9 45.3 40.2 145
2011 15,185 82.2 33.8 38.6 275 46.1 40.2 13.7
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Table 10: US-China trade in Electrical and Optical Equipment (WI10D C14)

TEXP | TEXPF | TEXPI DVA DVA_Fin | DVA_INT | DVA_Intrex RDV MVA OVA PDC | VAX_F | VAX_B
Year =2.glzzb 3)
—3+4+45 (2) (20) | _3a43b+3c (32) (3b) (3¢) (4) ®) (6) ) () 9)
+6+7
China exports to the United States
Value | 10,998 7,634 | 3,364 8,544 5,947 2,046 552 16 314 1,948 176 3,922 9,064
19% Share 100 69.4 30.6 77.7 54.1 18.6 5.0 0.1 2.9 17.7 1.6 35.7 82.4
Value | 87,608 53,492 | 34,116 53,784 33,399 16,329 4,056 341 3,665 26,332 3,485 25682 | 59,923
2008 Share 100 58.4 416 61.4 38.1 18.6 46 0.4 4.2 30.1 4.0 29.3 76
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 | 134,710
2ot Share 100 58.9 411 69.6 41.9 22.5 5.3 0.7 3.2 23.1 34 30 76.1
US exports to China
Value 3,400 1,284 | 2,116 2,691 1,097 1,215 379 182 13 383 130 1,746 3,286
19% Share 100 37.8 62.2 79.1 32.3 35.7 11.1 5.4 0.4 11.3 3.8 51.4 96.7
Value | 16,402 3,845 | 12,556 11,926 3,264 5,072 3,591 1,777 231 1,251 1,216 8,748 13,766
2005 Share 100 25.1 74.9 72.7 19.9 30.9 219 10.8 1.4 7.6 7.4 68.2 86.5
Value | 35,059 10,584 | 24,475 28,314 9,377 12,195 6,742 2,470 718 2,044 1,513 23,754 | 29,887
2ot Share 100 30.2 69.8 80.8 26.7 34.8 19.2 7.0 2.0 5.8 43 67.8 85.2

Note: (3a) and (3b) equal T1 and T2, (3c) equals the sum of T3 to T5, (4) equals the sum of T6 to T8, (5) equals T11+T13, (6) equals T12+T14 and (7) equals the sum of
T9, T10, T15 and T16 in equation (52) of this paper.
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Table 11: Patterns of International Production Sharing by Sector

VS share in Numbers of countries in each type of

gross exports production sharing arrangements in 2011
Sector 1995 2011 National Regional Global

Production Sharing Sharing

c14: Electrical Equipment 28.59 33.53 1 15 24
c15: Transport Equipment 26.8 33.41 0 23 17
c12: Basic Metals 24.7 28.67 3 25 12
¢13: Machinery 25.95 28.62 0 23 17
c10: Rubber and Plastics 26.39 28.54 0 23 17
€09: Chemical Products 24.19 26.87 2 23 15
c04: Textiles Products 24.96 25.58 3 20 17
¢25: Air Transport 21.01 25.54 4 15 21
c16: Recycling 20.58 24.45 3 24 13
c24: Water Transport 22.33 23.63 6 16 18
c08: Refined Petroleum 23.25 22.93 8 19 13
c07: Paper and Printing 21.05 22.4 4 26 10
c05: Leather and Footwear 21.13 20.87 6 16 18
c06: Wood Products 17.54 19.66 10 23 7
c11: Other Non-Metal 17.25 18.9 8 22 10
¢18: Construction 16.5 17.86 6 21 13
c03: Food 13.58 15.92 9 19 12
c17: Electricity, Gas and Water 13.68 15.37 10 17 13
€23: Inland Transport 11.68 15.26 11 16 13
€26: Other Transport 13.17 15.14 13 13 14
c01: Agriculture 10.6 13.48 13 20 7
c19: Sale of \ehicles and Fuel 11.4 13.27 13 17 10
c27:Post and Telecommunications 9.3 12.72 15 9 16
c02: Mining 11.9 12.54 18 17 5
c34: Other Services 10.76 12.05 18 10 12
€20: Wholesale Trade 10.37 11.67 19 9 12
c30: Business services 11.18 11.67 19 6 15
€33: Health and Social Work 9.85 11.6 18 17 5
€22: Hotels and Restaurants 9.64 10.62 22 10 8
€28: Financial Intermediation 7.99 9.87 27 4 9
c21: Retail Trade 8.52 9.51 26 6 8
c31: Public Admin 8.17 8.93 24 6 10
c29: Real Estate 4.18 6.02 34 3 3
€32: Education 4.75 491 39 0 1
¢35: Private Households 0.3 0.27 40 0 0

Note: VS is sourced from manufacturing and services sector only. National sharing defined as VS <10%; Regional
sharing defined as VS > 10%, regional VS > 60% of total VS; Global sharing defined as VS >10%, regional VS<60%
of total VS.
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Table 12: Production Sharing Patterns in the Transport Equipment Sector (WIOD 15) for
Selected Countries in 2011

Country Vs Region rgg;(igrzl
Gross Top 3 Destinations and Top 3 Suppliers of
exports its Share % of (4) % of (4) FVA
(2) ©) . s (7)
Q) (6)
@ @)
FRA(13.1),USA(9.0) FRA(8.9),CHN(8.2),
Germany 312,488 CHN(8.9) 31.08 62.80 37.20 ITA(7.8)
CAN(24.8),MEX(11.5) CHN(16.9),CAN(12.6),
USA 198,891 CHN(7.4) 23.73 25.70 74.30 JPN(11.3). MEX(11.1)
USA(23.6),CHN(11.1) CHN(25.0),USA(13.3)
Japan 178,412 RUS(8.4) 11.00 44.72 55.28 KOR(9.0)
DEU(20.4)ESP(8.7) DEU(27.3),USA(9.6)
France 127,659 GBR(5.9) 36.78 65.79 34.21 ITA(7.0)
USA(12.0),RUS(9.4) CHN(22.2), JPN(19.5)
Korea 121,150 DEU(7.9) 24.63 50.01 49.99 USA(12.4)
. USA(12.4), DEU(8.4) JPN(17.9), USA(13.1)
China 96,956 RUS(5.5) 16.68 36.52 63.48 DEU(11.8)
DEU(16.6), USA(9.4) DEU(18.8),USA(15.1)
UK 84,809 FRA(7.2) 33.83 56.15 43.85 CHN(7.3)
USA(79.7), MEX(2.8) USA(50.5),CHN(8.7)
Canada 75,047 DEU(1.9) 31.51 57.91 42.09 JPN(6.6)
DEU(17.5), FRA(9.6)) DEU(19.6),CHN(8.7)
Italy 50,463 GBR(7.5) 26.38 62.03 37.97 FRA(7.9)
DEU(25.8), ITA(12.2) DEU(28.4),ITA(8.6)
Poland 34,410 GBR(7.8) 42.60 70.85 29.15 CHN(6.8)
DEU(31.5), RUS(8.6) DEU(29.6),POL(6.5)
Czech 28,520 FRA(7.3) 49.18 72.52 27.48 CHN(6.4)
. USA(8.2), MEX(5.3) USA(18.4), CHN(11.2)
Brazil 24,792 CHN(4.6) 17.01 2291 77.09 DEU(10.1)
. GBR(10.8), USA(6.6) CHN(18.9),USA(12.1)
India 21,383 DEU(3.8) 15.52 32.73 67.27 DEU(6.7)
Russia 2,551 POL(3.2), DEU(2.5) 30.76 50.07 49.93 DEU(18.1), JPN(16.0)

FRA(0.9)

CHN(9.3)

Note: Regional division

is defined in “WIOD Country and Region” table in the appendix. VS is
sourced from manufacturing and services sector only.
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Table 13: Average VS Structure of World Manufacturing Industries

VS share % of VS

Year e(jggiis in gross FVA FVA

exports _final _INT Fbc
1995 4,020,202 22.5 45.5 34.9 19.5
2000 4,916,605 26.5 45.7 32.2 22.2
2005 7,850,625 29.9 42.3 32.5 25.1
2007 10,472,405 31.6 40.7 324 26.9
2009 9,093,710 28.4 43.3 334 23.2
2010 10,878,662 30.3 41.7 33.6 24.7
2011 12,458,263 30.8 40.6 345 250

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

Table 14: VS Structure of Electric and Optical Equipment Exports for selected
Asian Economies

VS % of VS VS % of VS
Year E()B(ross share in FAV FVA Gross | sharein FAV FVA
ports | Gross " EDC Exports | Gross . FDC
Exports _final _INT Exports _final _INT
China Japan
1995 34,032 22.1 56.9 27.5 15.6 | 124,265 6.7 44.6 34.8 20.6
2000 68,998 25.9 54.0 23.9 22.1 | 136,123 9.5 435 295 27.0
2005 | 296,936 37.6 52.3 24.4 23.3 | 143,324 11.8 355 314 331
2010 | 638,982 29.3 50.4 27.0 22.7 | 162,861 14.9 34.0 35.1 30.8
2011 721,417 28.9 50.2 21.7 22.1 | 166,935 16.0 331 37.5 29.4
India Korea
1995 1,260 10.9 38.2 40.2 21.6 | 40,639 27.8 30.0 43.7 26.3
2000 1,927 17.8 417 32.2 26.1 | 60,434 351 40.3 30.9 28.7
2005 5,962 20.1 42.3 30.2 27.5 | 102,595 34.6 31.0 31.2 37.9
2010 23,994 19.0 54.1 24.0 21.9 | 147,823 36.9 24.8 39.3 36.0
2011 29,470 194 52.6 25.3 22.1 | 159,191 36.8 26.4 40.6 33.0
Indonesia Taiwan

1995 2,831 28.7 70.2 19.1 10.7 | 41,818 43.8 40.2 39.1 20.7
2000 7,637 30.6 53.6 23.3 23.1 | 77,861 44.8 41.0 313 27.6
2005 8,387 29.7 43.6 26.8 29.6 | 100,957 49.0 22.2 32.8 45.0
2010 11,666 29.0 46.5 28.1 25.3 | 142,943 49.1 15.8 40.2 44.0
2011 12,558 30.7 48.1 29.1 22.8 | 147,646 48.2 174 41.7 40.9

Note: VS is sourced from manufacturing and services sector only.
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Figure 1a Gross Exports Accounting: Major Categories

Gross exports
(E*)

4/,/\\>

Domestic Value- Value-Added Foreign Value- Pure Double
added absorbed first exported but added Counted Terms
abroad eventually (FVA) (PDC)
(DVA) returned home

(RDV)

Note: E* can be at country/sector, country aggregate, bilateral /sector or bilateral aggregate; both DVA
and RDV are based on backward linkages.

Figure 1b Gross Exports Accounting: Domestic Value-added

GDP in gross exports

/\

Domestic Value-added Value-Added first exported but
absorbed abroad eventually returned home

(DVA) (RDV)
(T1%) (T2) (T3+T4+T5) (T6) (T7) (T8)
in final goods In intermediates In intermediates intermediates intermediates intermediates
Exports exports absorbed re-exported to that returns via that returns in that returns via
(DVA_FIN) by direct third countries final imports final imports Intermediate
importers (DVA_INTrex) (RDV_FIN) via third imports
(DVA_INT) countries (RDV_INT)
(RDV_Final2)
(T3) (T4) (T5)
Intermediate exports to Produce final goods Produce intermediate
third country to produce exports to third exports to third
domestic final goods countries countries to produce
(DVA_INTrexlI1) (DVA_INTrexF) exports
(DVA_INTrexI2)

Note:

*corresponds to terms in equation (52) in the main text.
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Figure 1c Gross Exports Accounting: Foreign Value-added

Foreign Value-added
(FVA)

/\

Foreign value-added )
used in final goods Formgn_value-ad_ded
exports used in intermediate
(FVA_FIN) exports
(FVA_INT)

(T11) (T13) (T12) (T14)
Sourced Sourced Sourced Sourced

from from other from direct from other

direct countries importer countries
importer

Pure Double Counting

(PDC)
Pure double Pure double
counting from counting from
domestic sources foreign sources
(DDC) (FDC)
(T9) (T10) (T15) (T16)
In final Intermediate In direct In other
goods exports importer country
exports production exports exports
production production production
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Figure 2a: Structure of US Transport Equipment Exports Decomposition
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Figure 2b: Structure of Mexico Electrical and Optical Equipment Exports Decomposition
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Figure 3a: VS Share by source in US transport equipment exports (Unit %)
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Figure 3b: VS Share by source in DEU transport equipment exports (Unit %)
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Figure 3c: VS share by source in Mexico’s electronics exports (Unit %0)
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Figure 5a: RCA indexes for electric and optical equipment exports

China

3.0

25

2.0

15 4

10 -
FEESFSESS
—@=—=RCA _Gross ==#=RCA Value Added

1.7

15

1.3

11

0.9

0.7

USA
AT T O S N -
g o 9 & O S o & N
AN I S A

=== RCA_ Gross

==t==RCA_Value Added

Figure 5b: RCA indexes for business services exports
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Figure 6a: China and USA trade balance in Electrical and Optical Equipment. Unit:
millions USD
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Figure 6b: China and Japan Bilateral trade balance in Rubber and Plastics
Unit: millions USD
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Appendix Table A1 WIOD Sectors

Code NACE | Industry Description

co1 AtB Agriculture Agriculture, Hunting, Forestry and Fishing

Cc02 C Mining Mining and Quarrying

Co03 15t16 Food Food, Beverages and Tobacco

Co4 17t18 Textiles Products Textiles and Textile Products

C05 19 Leather and Footwear Leather, Leather and Footwear

Co06 20 Wood Products Wood and Products of Wood and Cork

Cco7 21t22 Paper and Printing Pulp, Paper, Paper, Printing and Publishing

C08 23 Refined Petroleum Coke, Refined Petroleum and Nuclear Fuel

C09 24 Chemical Products Chemicals and Chemical Products

C10 25 Rubber and Plastics Rubber and Plastics

Cl1 26 Other Non-Metal Other Non-Metallic Mineral

C12 27t28 Basic Metals Basic Metals and Fabricated Metal

C13 29 Machinery Machinery, Nec

Cl4 30t33 Electrical Equipment Electrical and Optical Equipment

C15 34135 Transport Equipment Transport Equipment

C16 36t37 Recycling Manufacturing, Nec; Recycling

C17 E Electricity, Gas and Water | Electricity, Gas and Water Supply

C18 F Construction Construction

cl9 50 Sale of Vehicles and Fuel ?{ilt(;ill\ggligtgpir;(;? and Repair of Motor Vehicles and Motorcycles;
C20 51 Wholesale Trade Z\ézo'\l/cla(s)ilﬁcl'(rz?gse and Commission Trade, Except of Motor Vehicles
co1 52 Retail Trade Eztlzjisller;ll)r&dgo%gept of Motor Vehicles and Motorcycles; Repair of
C22 H Hotels and Restaurants Hotels and Restaurants

C23 60 Inland Transport Inland Transport

C24 61 Water Transport Water Transport

C25 62 Air Transport Air Transport

C26 63 Other Transport ?:gsglijgepnocrit;gg and Auxiliary Transport Activities; Activities of
c27 64 '?’glsé:c?ncimunications Post and Telecommunications

Cc28 J Financial Intermediation Financial Intermediation

C29 70 Real Estate Real Estate Activities

C30 71t74 Business Activities Renting of M&Eq and Other Business Activities

C31 L Public Admin Public Admin and Defense; Compulsory Social Security

C32 M Education Education

C33 N Health and Social Work Health and Social Work

C34 (0] Other Services Other Community, Social and Personal Services

C35 P Private Households Private Households with Employed Persons
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Appendix Table A2 WIOD Country and Region

Label Country Region Label Country Region
AUS Australia Asia-Pacific IRL Ireland Europe
AUT Austria Europe ITA Italy Europe
BEL Belgium Europe JPN Japan Asia-Pacific
BGR Bulgaria Europe KOR South Korea Asia-Pacific
BRA Brazil American LTU Lithuania Europe
CAN Canada American LUX Luxembourg Europe
CHN China Asia-Pacific LVA Latvia Europe
CYP Cyprus Europe MEX Mexico American
CZE Czech Republic Europe MLT Malta Europe
DEU Germany Europe NLD Netherlands Europe
DNK Denmark Europe POL Poland Europe
ESP Spain Europe PRT Portugal Europe
EST Estonia Europe ROM Romania Europe

FIN Finland Europe RUS Russia Europe
FRA France Europe SVK Slovak Republic Europe
GBR United Kingdom Europe SVN Slovenia Europe
GRC Greece Europe SWE Sweden Europe
HUN Hungary Europe TUR Turkey Europe

IDN Indonesia Asia-Pacific TWN Taiwan Asia-Pacific
IND India Asia-Pacific USA United States American
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Appendix A: Connecting Global and Local Leontief Inverse Matrices

Define local Leontief inverse of country S as:

-1
SS SS SS SS
LS = {In |12} _ F—_ a;; —ap; }
SS SS SS SS
|21 Izz —ay 1- a,,

And note that it is actually the inverse of the block diagonal matrix in the global 10
coefficient matrix A in equation (3) of the main text. Then the following proposition

gives the mathematical relation between the block diagonals of global Leontief

ss ss
11 12
ss ss

inverse matrix B* =[
21 22

}and the local Leontief inverse L* :

Proposition D: if both B¥and L* exist then

B® > L*andB* —L® = L*A"B" > 0. (Al)

Ifand only if A" =00rB” =0, B® =L%

This proposition plays an important role in the decomposition of gross exports at
the sector level and to the understanding of the difference between trade in
value-added estimates from an ICIO table and a national 10 table. We give a step by
step proof in the 2-country, 2-sector setting bellow and extend it to a N-sector and
G-country setting in Appendix G.

Proof:

From the property of inverse matrix:

by bs by bylil-aj -a3 -ay -aj| [1 000
bs b5 by bj|-ay 1-ay -aj -aj | (01 00
bi bi by bj|-a; -a; 1-aj -aj | (0 0 10
bs by by by|-ap -ap -af 1-aj| [0 0 0 1
(A2)
1-a; -a5 -aj -aj [bS bS b by
~a3 1-ay -aj -ay |bs b3 by b
| -ap  -aj 1-al -aj [bf by b b
~ay -ay -—ay 1-aj|by bj by b

From (A2), we can obtain the relationship between the block diagonals in the global
Leontief inverse matrix B and the local (country) Leontief inverse matrix expressed as

in the following equation:

Al



1-ay —afi}{ 1 T_F O}Z{aﬂ afé}{ 1 2} (A3)
- 1-a, by bp] 10 1) Jay ap|by by

Rearranging:
[ ss ss ss ss ss ss sr st [ ars rs
bll blZ } _ |:Ill I12 j| — |:Ill I12 j||:all alZ bll blZ } (A4)
ss ss ss ss ss ss sr sr rs rs
_b21 b22 I21 I22 I21 I22 a21 a22 n _b21 b22

ISS ISS afr afr rs rs
Because all elements in Ill Aot 2 and | Y 2| are non-negative |

SS SS sr sr rs rs
21 |22 a21 a'22 i 21 22

ss ss ss ss ss ss sr sr rs rs
|:b11 b12 j| _ |:|11 IlZ :| — |:|11 |12 j||:all a12 :||:b11 blZ :| >0
ss ss ss ss s ss sr sr rs rs | T
b21 b22 |21 I22 I21 I22 a21 a‘22 b21 b22

B* s total output requirement coefficients of country S by one unit increase of

its production of final goods, L*is total output requirement coefficients of country S

by one unit increase of its production of final good using domestic intermediate goods,

and B¥ —L®is total output requirement coefficients of country S by one unit

increase of its production of final goods via its intermediate goods trade. A* =0 or

B"™ =0 means there is only one country exporting intermediate goods and only in

such condition trade in value-added estimates from an ICIO table will be the same as

that from a national 10 table.

Appendix B: Derivation of decomposition equation of Country R’s gross exports
The gross exports of country R can be decomposed into two parts: final goods

exports and intermediate goods exports:

ers yrs _ars a’ Xs_
S E il ¢ ®
eZ y2 _a21 a22 XZ_
Based on equation (11), country S’s gross output can be decomposed as
{Xf}:{xlﬁﬂfr}{bff bfi"yfs}{bff bfzs"yf“}{bf{ bfé}{vf}{bf{ bfz“}{yf}
Xo| LX 4% ] (b by |lyo | B Bp Ly ] [ba bz lly ] [ba ballY ] (B2)

Inserting equation (B2) into the last term of equation (B1), we can decompose

country R’s gross intermediate goods exports according to where they are absorbed:

A2



{aﬁ aﬂ[ﬂ{a{i a{ﬂ{bff Z}P} +[a{i afi}{bff bfi}{yfr}
8 Ay X ] |8 Ay by by Vo] (& ax )by by lys
{aﬁ aﬂ{bﬂ bfé}[yf} {aﬁ aii}{bf{ bfé}[yf}

8 by by V| [an an by by |y

From equation (2), country S’s gross output production and use balance

(B3)

condition, we know

L ST ST
X2) lan ax X% | |an aplx| [Vl LY

(B4)
[ az]x ][], e
_|:ass a® | x¢ + ss + e
21 Sy || X Y, 2
Re-arrange:
XS 1— ss _aSs -1 ss 1— ss _aSs r s
1| ay a, Y1 a; a; €
S - SS SS SS + SS SS sr (BS)
X5 —ay 1_3-22 Y, —ay 1_3-22 €,
Iss Iss 1_ass _ass -1
Define L% :{“ 12} ={ 1 12 } as local Leontief inverse, then equation
ISS ISS _aSS 1_aSS
21 22 21 22

(B5) can be re-written as
XS I SS | SS SS I SS I SS eSr
A )
X5 Ly 15 ] Ys L 15 e

Therefore, the intermediate goods exports by country R can also be decomposed
into two components according to where it is used similar to a single country 10

model:

rs s S rs rs SS SS SS rs s SS SS sr

{au an}{xl}:[an au}{ln lm}{w}[% au}{ln lﬂel} ©7)
rs rs S rs rs SS SS SS rs rs SS SS sr

aZl a22 X2 aZl a’22 |21 |22 y2 a’21 a22 |21 |22 e2

From equation (6), we can obtain country R’s domestic and foreign value-added

multiplier as follows:
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brr brl'
VB =[v VE{ lrlr 12} [vibrr +vibg vibg +viby ] (B8)
b21 b22

S sr S S bsr bsr Sty SP S|y SI S|y SI S} SI
V'BY = [Vl V2:1: 151r 15,} = [Vl by +vby  vby; + Vzbzz] (B9)
by by

In a single country 10 model, country R’s domestic value-added multiplier can
be calculate as

r my— ryprr r r Irr Irr rprr rr rr
Vi — AT =V LT = szlrlr Ilfr} il vils vz +viis]  (B10)
21 22
Using equations (B8)-(B10), and defining “#” as element-wise matrix

multiplication operation, the value of country R’ gross intermediate exports can be
decomposed as

rs rs S r r S sr rs rs
{au aiz}{xl}{[ R bﬂ{ s bm}}#{[an au}[
rs rs S r sr sr rs rs
a‘21 a‘22 X2 lb12 +V b b12 +V2b22 aZl a22
raIrr rIr rs sr sr rs rs
:|:V1 bll +V2b21:|#{|:a11 :||: :|} |:V bll +V b21:|# |:a'll a'12 :||:
rIrr rIr rs sr sr rs rs
\ b12 +V b a21 a22 b12 +V b22 aZl a22
r
Vl Ill + V2 IZl { }
r
Vl I12 + V2 22 aZl a22
r r ryrr rs S
. { Ty} +viby } { 11+v2|21} " { alz}{xl}
118 ryprr rs S
v, b, +v;b,; 15 +V,l5 a, ay || X
bSr +V bSI’
Siechtee] o el
vib +v;b3; ay Ay | X

Inserting equations (B3) and (B7) into equation (B11), we can obtain the full

decomposition of country R’s intermediate goods exports:
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rs rs s ryrr ryrr rs rs [ ass ss ss
|:a11 a12 :||:Xl :| — |:Vl Ill + VZ IZl :|#|:a11 a12 bll 2 :||: yl :|
rs rs s ryrr ryrr rs rs ss ss ss
a21 a22 X2 Vl IlZ + VZ I22 a21 aZZ a _b21 b22 y2
[\, ryrr rpre] [ Ars rs [ jass ss |[ y,sr ]
Vl Ill + V2 IZl # ail a12 1 2 yl
ryrer ryrr rs rs ss ss sr
Vil +Volo | (8 @y |l by by Y,

+

[\, ryrr rpre] [ ars rs [ jasr st ][y, rr
Vil + V5l # a; A, ||y A
ryrer ryrr rs rs sr sr rr
_Vl |12 + V2 I22 a _aZl a22 | _b21 b22 AL y2 _
[\, ryrr rpre ] [ A4rs rs [ jasr st ][y, rs ]
Vl Ill + V2 IZl # all a12 1 b12 yl
ryrer ryrr rs rs sr sr rs
Vil +Voly | 13y @y |IDy by | Yy |

TR M ryprr rprr [ rs rs s
+ |:Vl b11 +V2b2l:| _|:Vl Ill +V2|21:| # a11 a12 :||:Xl:|
R A rprr rprer rs rs s
Vl b12 + V2 b22 Vl I12 + V2 |22 _a21 a22 X2
Vv
_l’_
Vv

J’_

S| SF S|y ST rs rs ss ss |
lbll +V2b21 # ail a12 Ill IlZ yl

S|y SI S}y SI rs rs SS SS
by +Voby | ey an |l 1 lY:

[y vl fan anTls 13 e
vibp Voo | LAy a1z ler (B12)
Finally, based on the Leontief insight, country R’s final goods exports can be

decomposed into domestic and foreign value-added as follows:

o). fi i o [ i | @
Y, viby Vb | LY, viby +Voby | LY
Combining equations (B12) and (B13), we obtain country R’s gross exports

decomposition equation:
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ef

i

r rAIT
bll + VZ b21

raIr r\Ir
Vl b12 + VZ b22

I’Il’r

m
2 |21

rprr
Vl Ilz +V2|22

ss
b12

ss
b22

aj
a'22

e 2 R
H b Yo

rr rr] [ ars s [ jss ss [ y,sr
+ l Ill 2 IZl all alZ bll b12 yl
VLT v a® a° bss bss ysr
l 12 2 22 | 21 22 | 21 22 .72
rr rr] [ 4rs s [ asr st [y, rr
+ Vl Ill + V2 IZl all a12 bll blZ yl
Vrlrr +Vr|rr arS ars bSr bSr yrr
112 2722 | Y21 22 | 21 22 | )2
rr rr] [ 4rs rs sr st [ ,rs
+ l Ill + VZI all a12 W bll 12 yl
Vil +Valp | @ @ | ba b lVe
rr T T [ Ars rs s
Vl bll + VZ i| _ {Vl Ill 2 I21i| # afl.l a12 j||:Xl :|
rr ryprr ryprr rs rs s
b12 +V, b5, Vil +V5l5 (8 8y | %
sr sr rs Sy ST Spa ST rs ss ss ss
|:Vl bll + V2b21 j|#|:yl j| + |:Vl bll + V2 b2l i| |:all a‘lZ j||:| |12 i||: yl i|
S|y SF S|y SF rs Sy ST Spa ST ss ss ss
Vl blZ + V2 b22 y2 Vl blZ + VZ b22 a21 aZZ I21 |22 y2
S|y ST S|y ST rs ss ss sr
Vl bll + V2 b21 all a12 I I el
Spsr Spsr # a® a° Iss Iss || g5 (814)
Vl 12 + V2 22 21 22 21 2 2

Appendix C: Domestic content of Country S

Since the 2"-6" terms of equation (24) come from the first 5 terms of equation

(22), sum of them equals domestic content of the first and second sector’s

intermediate exports of country S.

S| SS S| SS
{v oVl

Vil +vsl5,

f

ss ss
Ill + V2|21

VS
{ 15
Vl 12

[+
VS

+ s
\

SS
2|22

SS
1+ Vo0
SS
> +V;h55

sr
{an
sr
a21

ok
a'2 1
} {Vl

lfi Vol |, ) @0
S +Vz|22 ail
LV )| A
{ 5+, b;;} L;;

sr r r r S| SS S| SS sr sr r r rs
a; }{ 1 2}{)’1 } _{V AN +V2|21} {an a; }{ 1 2}{)’1 }
sr r r r SS SS sr sr r r
A by bplY, vl +vil ay ay | by by|yy
sr rs rs SS S| SS SS sr rs rs sr
a, :|{ 1 Z:||:yl } +|:Vl Iy +V2|21}# { a, :|{ 1 2}|:Y1 :|
sr rs rs Ss S sr rs rs sSr
ay by byu|Y; vl +vsl3 a by by|Y;
SS S| SS sr sr r
AN +V2|21} # |:a11 a, :|{X1} (C1)
S| SS sSr Sr r
s+l Ay Ay X%

sr
8y
sr

a22

|
[

sr
&,
sr

aZ 2

|

SS
o +Vy05

vy
+ S| SS
v;b +v;b5;

e

sr

8,

sr

a'2 2

SISS

[

slss sr
2721 ail
slssj| # |:asr
2 22 21

Adding the first term of equation (24) into equation (C1), we obtain the domestic

contents of country S’s gross exports:
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St S5 St S5 [\,sr Sty SS S|y SS | sr sr r
{Vl bll + VZ b21 :|# yl } + |:Vl bll + VZ b21 #{|:all a12 :||:X1 j|}
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Appendix D: Consistency between Equation (24) in this paper and Equation (13)
in KWW
From equation 24, the decomposition of country S’s exports can also be

presented in scalar and summation notations:
2 2 2 2 2 2 2
Sr S|KSSy ,SI S| SS SI/ I ,Ir S| SS SFITy IS
& zzvi by Yr +Zvi Iy Zzai'bjkyk +Zvi Iy zzaijbjkyk
i i ik i ik

2 2 2 2 2 2 2 2
DY YAy + DY Yy + v 0 - ©1)
i i K i i K i i

2 2 2 2 2 2 2
DXCHUESITHWICHHUES I IICHHCh
i i ik i IS

In matrix notation

o s oslPr PR |V [s oslln 1z fan an |bi by |y
& =M V2 b b 0 Vi Vo [ 0 0 lbr b rr
21 22 21 22 LM21 22 yZ

Wi V{lff lfé}{af{ aféHbﬁ bﬁ}{vfs}{bﬁ b yfs}}
1 2 SS SS 118 r rs rs rs SS
I, 10 O by b3 | Y; by by | Y;
o of [ ] ]
a ln| O 0 o D Y
SS SS SS SS sr sr r (D2)
+[VS Vs]{bn b12:|_|:|ll |12:|}|:all a12:||:xlj|
1 2 ss ss ss ss r
s Y 0 0 | x
Ny { ; bfi}{yfr}[vr V{b{: bfé}{af{ afé}{lf{ I;;}[y{f}
1 2 rs rs 1 2 rs rs rr rr rr
n D] O b, by O 0l Ih]y:

rs rs Sr sr 118 r rs

N [Vr v’ by by lay ap |l by |e
1 2 bs  prs 0 0 e e rs

21 U a ln |8

Similarly, the decomposition of country S’s second sector exports to country R

can be presented as
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SS SS SS SS 118 118 r
s — [VS Vs{bn by, }{ 0 ]'_[Vs Vs{ln I, }{ 0 0 :||:bll by, :||:y1 }
2 11 2 sr 1 2 sr sr
by by Y I 15 18 an by by |yy
SS SS rr r rs rs rs SS
Iy 1 }|: 0 0 } |:b11 by :||:y1 }+{b11 by, }|:y1 }
SS SS sr sr rr r rs rs rs SS
Iy 1 @ @y |||by by | Y; by by Y,
SS SS rs rs sr
7 15 0 0 by b3y
15 15 a5 ax | by by |ys
SS SS SS SS r
|:b11 b12:|_|:|11 I12} { 0 0 }[Xl}
SS SS SS SS Sr sr r
by by | | 1n]jlan ax] X
rs rs rs rs r r r
5y b :||: 0 }-F[Vr Vr{bn by, :||: 0 0 }Pn l5; :||:yl :|
sr 1 2 sr sr
by by Y2 by by lan an|ly In|ys
rs rs rr rr rs
+[Vr Vr{bu by, }{ 0 0 }[Iu l;; j||:el }
1 2 sr sr
by, by lay axy |l 1y |er

Adding up equation (D2) and (D3), we can get the decomposition of country S’s

(D3)

total gross exports:

ss ss sr ss ss sr sr rr rr rr
esr+esr:[vs v by by |y +[VS Ve Iy 1y jay ap by by |y
1 2 1 2 b ps sr 1 2 I 1slas as [b” po rr
21 22 y2 21 22 21 22 21 22 y2

SS SS sr sr m m rs rs rs SS
+ [VS VS 1: 11 I12 j||:a11 a12 :H|:b11 b12 :||: yl :| + |:b11 b12 :||: yl :|}
1 21 yss ss sr sr r r rs rs rs ss
21 I22 a21 a22 bZl b22 y2 bZl b22 y2
ss|ss sr sr rs rs sr
n [Vs s { n b }{an ap, }{bu by, }[ Y1 }
1 21 ss ss sr sr rs rs sr
21 |22 a; ay b21 bzz Y, (D4)
SS SS SS SS sr sr r
" [VS v by by _ Ly 1 (e as | X
1 2 hs  pss [ss s sr S
21 22 21 22 aZl a22 2
o
el ]
21 22

R L A L
yi | b bp e an|ln 1n]yy
by by jan ap |l 1 e’
+ [Vlr V£ {b rs bl’S sr sr I r I r rs
21 22 a21 a22 21 22 e2
Based on the definition of Leontief Inverse matrix in equation (3a), the following

identity holds:
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SS SS sr sr SS SS sr sr
b11 b12 b11 b12 1- a; —a; —a; —a, 10
SS SS sr sr SS SS sr sr
b21 bzz b21 b22 —ay 1- ay, —ay —ay _ 01
rs rs rr 118 rs rs r 118
b11 b12 b11 b12 —ay, —a, 1- ay; -, 00
rs rs rr 18 rs rs rr rr
b21 bzz b21 bzz —ay —ay —ay 1- ay, 00
SS SS sr sr SS SS sr sr
1- a; —a, —a —a; b11 b12 b11 b12
Ss SS Sr Sr SS SS sr Sr
|~ a, 1- a,, —ay —ay 21 22 21 22
rs rs m r rs rs r m
—a; —a; 1- a; —a; b11 b12 b11 b12
rs rs 118 rr rs rs rr 118
—ay —ay —ay 1- ay, b21 bzz b21 bzz
Express in block matrix, equation (D5) becomes
B ss ss |[jasr sr [ sr st [ jarr rr
1- a; —ap b11 12 } _ a; & b11 12 } _
SS SS sr sr Sr sr rr 118
L~ ay 1- ay, | _b21 bzz _a21 ay, | _b21 bzz
B ss ss | |ss ss | [ 4sr st [ ars s | [ T
1- a; ~a 1 2| d; ap 1 2 | _
SS SS SS SS sr sr rs rs
L~ ay 1- ay | _b21 b22 | _a21 ay | _b21 b22 1 L 1_
IS ss ss ss | [jasr st [ Ars s [ .
1 2 }|:1 —a; —a N ™ 2 || &1 A _
SS SS SS SS sr Sr rs rs
_b21 bzz —ay 1- ay i _b21 bzz i _a21 ay, 1 L 1_
With rearrange, we have
-1
sr sr SS SS Sr Sr rr rr
|:b11 :| _ {1 —a; —a; } |:a11 a,;, }[ 1 b12:|
sr Sr SS SS Sr Sr rr rr
b21 b22 —ay 1- ay, a, ay b21 bzz
SS SS sr sr 118 r
_ |:Ill I12 :||:a11 a, }[ 1 2 }
SS SS sr sr 18 rr
|21 |22 a, ay b21 bzz
ss ss 1-3a% __nss -1 1-3a% __ass I s sr
1 _ a a;, _ a a; a; a;
SS SS SS SS SS SS sr sr
b21 bzz —ay 1- ay, —ay 1- ay, a, ay

ss
I12

ss
I 22

sr
8y

sr
a22

8 b

SS
} _ F— —a;

SS SS
b22 —ay

sr rs rs
2 :||:a11 a12
sr rs

b22 a21

ss

}Pn

rs ss
a22 |21

SS
—a;

-1
SS
1- azj

rs

2 }
bz

SS
|12

ss
I22

|

sr

L’ii

Combine equation (D7) and (D8):

sr
2

A9

rs

ay,

sr rs
b22 :||:3.21

|

00
00
10
01
(D5)
(D6)
1 2}
S R
SS 1
_a12:|
l_aSS



{bf: } [lfi
g b3 L1s
1 41

5 b g

ss
I12

ss
I 22

sr rs rs
a12 :||: 1 2 :|

sr rs rs
a22 b21 b22

Insert equation (D6) and (D9) into equation (D4):

SS
bl 1

sr
bll

rs rs sr sr r r
bll b12 a'll a'lZ Ill I12 yl

rs rs sr m m
b21 b22 a21 a22 |21 I22 yz

sr st |,s s
€ +6 _[Vl Va bss
21
bs" bsr__
+[VS v P
1 2 b p
21 22 [
bs" bsr__
+[VS Ve
1 2 b p
b1 Mo |
bs" bsr__
+[Vls V;{ 1 B
bsr b
21 22 |
bs rs |
+[Vr vt M
1 2 bs b
21 22 |
b's brs_
r r 11 12
+[Vl VZ{ rs rs
21 22 |
Re-arrange:

S

sr sr sr
e =€ +e, = [V1

sr st y rs
S S 1 2 1
+ [V1 v,

sr sr rs
b21 bzz 1LY

sr sr

S S 1 2

+ [Vl V2 b b
21 22 |

rs rs_—ysr
R A e R P VY
b b ysr
21 22 | J2
rs rs [ 4sr
+[v1r vy

sr sr
_a21 a22

rs rs
bZl b22 _

T 4rs rs
all alZ

rs rs
_a21 a22

(D9)
sr sr rr
N
b21 b22 y2
o [t a1y
ST EYRRYS TR 1T
yi'
Y2
ay e o)
ai as |

r

r

sr sr yrr
+ VS VS 1 2 1
}[1 {@ @lﬁ}

sr rs rs ss ss ss
blZ :||:a11 a‘12 :||:I11 IlZ :||: yl :|

sr rs rs ss ss ss
b22 a21 a22 |21 |22 y2

2

rs Sr sr rr rr r

2 }{an a;, }Pn I, }{ Y1 }

rs sr sr r r r
by a5 an |l ln|Y:

I

It is an extension of equation (13) in KWW from a 2-country, 1-sector case into a

2-country,2-sector case.
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Appendix E: Difference between global gross exports and global GDP and
Consistency between Equation (40) in this paper and Equation (22) in KWW

Subtracting global GDP from global gross exports using equations (B14) and
equations (24), (36) and (37) in the main text yields the following:

E" +E” -GDP -GDP
SlaSI S SI rs Sl Sr S| Sr rs rs SS SS SS
_ +|:Vl 1TV, 1}{3/1 } +|:V1 11V, 1:|ﬁ |:an a12:||:lll |12:[y1 }
SlhSI SlhSI rs S|y SI S|y SI rs rs Ss SS SS
Vb +Vobo, | | Yo | [V, Vol | ([ A ]l 1 Ys
[ rrs FArs Sr rrs FArs sr sr rr rr r
" Vi 0 +V; 1}[3/1 } +|:Vl 1V, 1}' {au a12:|:|11 |12:[Y1 }
rNars IS Sr rNars r'Ars sr sr r rr I
V10 +Vol0 | [ Y, Vi Vol |3 Al o] Ve
[ S| SS S| SS sr sr rs rs Sr S| SS S SS_ S| SS S| SS sr sr r
" V1|11+Vz|21}’ |:311 312]: 1 Zj":yl } 4 |:V1 1 TVL0, _|:V1I11 +Vz|21} |:311 a12:|:xl:|
S| SS S| SS sr Sr rs rs Sr S| SS S| SS S| SS S| SS sr sr r
Vil +Volyy | ([ @ | by ] Y, Vb, HVG0, ||l V55, & A%
[ ryrr ryprr rs rs sr Sr rs Frr rrr [ ryrr ryrr rs rs S
N Vil +V2|21:|4{311 312:[ 1 ZIyl }_ {V1 1TV, 1}_ Vil +Vz|21} {311 a12:|:X1:|
ryrr ryrr rs rs Sr Sr rs gy rNarr ryrr ryrr rs rs S
Vil +V5l5 | |85 @ (B B ] Yo Vbl +Vob, | [Vl +Vl, A X%
[ s rars sr sr r rr rs S Sr S| Sr r rs rs SS SS Sr
|| vibs s 1}, {au al{lu l{el } {vl L 1}' CH ai{ln luIel }
rNars IS sr sr r m rs Sl SI S SI rs rs SS SS Sr
viby Voo | ey @l o] Vb +V0 | 13 |l 1 ] &
[ S SS SS SS r rr rr r
Vi }{Iu |12j||:y1 }_{Vl }{In |12:|:y1 }
S SS SS SS r rr r g
Vo | b1 2] Ys Vo [ [ Lol Ye
2 2 2 2
S| SS SI|AIr, T S| SS SMaIT, ,IT
_VS SS, ,Sr VS SS, ,Sr VZIZlZZaijbjkyk Vlllzzz jbjkyk
Ly || ViaY2 + 7oK T K
2 2 2 2
vbSy A ssysr S|Ss SI|NIT 1T S|Ss SIYaIT 1T
Yz 1 LY ] s S iy | Y Ay
Tk Tk
2

2 2 2 2 2 2 2

S| SS SrIr, s S| SS SrafIr, ,Is S| SS SIS, ,SS S| SS Srarr, ,Ss

VZIZlZZaijbjkyk Vl'lZZZanbjkyk VZIZIZZaljbjkyk Vl'lZZZaZijkyk
i ok ik j ok

k _ + _

2 2 2 2 2 2 2 2

S| SS SraIT, IS S| SS SIa Ty IS S| SS SI IS, ,SS S| SS Srrs, ,SS
Vlllzzzazjbjkyk VZ'lezaijbjkyk Vlllzzza'zjbjkyk VZIZlZZaljbjkyk
i 7K 7oK 7K Tk

+

2 2 2 2

ryrr IS|aSS /55 ryrr IS|ASS, /S5

[\ FIRIT 1S TN VZIZlZZaljbjkyk VlllzzzaZjbjkyk
(A _ vibyY; ik i K

Vrbl”yrs Vrbzrryrs ryre . IS|SS, /S5 ryree _ [ECNEES E1l
L1202 2relst VlllzzzaZjbjkyk VZIZIZZaljbjkyk (E1)
jok ik
r 2 2 2 2 2 2 2 2
ryrr IS}, SS, ,Sr ryprr IS}|ASS, ,SI ryrr ISpySKy ,IT ryprr IS Sry ,IT
VZIZIZZaijbjkyk Vlllzzzazjbjkyk VZ'lezaijbjkyk Vlllzzzazjbjkyk
ik ik i ok ik
+ ) - + -

2 2 2 2 2 2 2 2

ryrr rS|4Ss, ,Sr rprr S|y SS, ,SI rprr IS|aSr, ,Ir ryrr IS Sr, ,Ir

Vlllzzzazjbjkyk VZ'lezaijbjkyk Vlllzzzazjbjkyk VZ'lezaijbjkyk
ik ik ik ik

Multiplying x =[1,1], the unit vector, with each term on the left hand side of (E1) and
cancelling similar terms on the right hand side, we obtain equation (38) in the main

All



text.

Based on equation (40), the aggregation of domestic value added in the two

sectors' exports can be presented as
v [ 1{@}#[@: bfs}[yf“}[l 1{Vf}#{bf{ bfé}{yf}
Vol [P b ys Vol (b by ]lye
ok 1{Vf}#{bf{ bfé}{y{}[l 1{V1# {bff bfé}_[lff If;Hyfs}
vi| bs by vi ez bz) Lz zlflys
ne Vs{bff bf;}{yff}[vs Vs{bf{ bfé}{y{’}
— 1 2 ss ss sr 2 sr sr rr
b21 b22 y2 b21 b22 y2 (EZ)
e V{bf{ bfé}[yf}[vs Vs){bff bf;HIff IESHVES}
1 2 sr sr rs 1 2 ss ss ss ss ss
by by | Yo b, b, Ly 1 JLY:
Insert equation (D9) into (E1)
sr S S " > yfr S S S]I: SZr y{r
ﬂdv :[V V{ S]; Si:||: SI’:|+[V V{ sr SI’:|{ I’l':|
SR~ 7 B 1 4 %
N V{bf{ Sﬂ{vis}[vs Vs{ ; 55}{615 a{i}[lff lfé}{yfs}
1 2 sr sr rs 1 2 sr sr rs rs ss ss ss
b21 b22 y2 b21 b22 a21 a22 IZl I22 y2

It is easy to show that equation (E3) is the extension of equation (22) in KWW

iy

(E3)

into a 2-country, 2-sector case.

Appendix F: Numerical Example: the 2-country, 2-sector case

The 2-country, 2-sector ICIO table:

Country S R Gross
Sector | S1 S2 R1 R2 S YR Output
s S1 1 1 0 0 1 0 3
S2 0 1 0 1 0 1 3
R R1 1 0 1 0 0 1 3
R2 0 0 1 1 1 0 3
Value-added 1 1 1 1
Total input 3 3 3 3

Gross intermediate and final good exports matrix is:
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00|00l [0O0
01|01 |0 2
E=EI+EF= + =
1000|110
00/ |(10/1]10

The direct input coefficient matrix A, Global Leontief inverse Matrix B and Local

Leontief inverse matrix L and direct value-added coefficient vector V are

/313 0 0 8/5 4/5 1/5 2/5
|0 w3 0 w3 |15 8/5 2/5 4/5
13 0 13 0 “|4/5 2/5 8/5 1/5

0 0 1/3 13 2/5 1/5 4/5 8/5

3234 0 0

0 32 0 0

L= V=[U/3 U3 U3 13

0 0 32 0

0 0 3/4 3/2

The block matrixes are defined below:

o 1] e )

8/5 1/5
4/5 8/5|

1 1 0 0
YSS: 1YI’I’: 1YSI’:EFSI’: , YrS:EFrS:
0 0 1 1
[1/3 1/3] 0 0 /3 0 Y3 0
Ass — , Asr — , Ars — , Arr — 1
0 U3 0 U3 00 U3 U3
[8/5 4/5] [1/5 2/5 4/5 2/5
BSS: , BSI’: , BI’S: , BI’I’
/5 8/5] 2/5 4/5 2/5 15
. [312 3/4] 32 0
L= . L= , ve=[U3 13,V =[U3 13
0 3/2 3/4 3/2

Based on equation (18)-(20), the total value added coefficients can be computed

as

T — _

4
(voB=) =i[/3 1/3] 85 475 =[3/5 4/5] = 315
1/5 8/5 475
T — -
(B ) ={[/3 1/3] L5 215 =[5 2/5] = 15
215 4/5 12/5)
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[2/5]

(o) = 3 1/3 =[2/15 1/5] =
11/5 |
8/5 5 [4/5]

(i) = [3 1/3 =[4/5 3/5] =
4 5 13/5)

(VSLSS)Tz{[1/3 1732 3/4}}T [L/2 3/4]2{1’2}

3/4

2 4
o) ={[w3 w3 320 =[3/4 vo] =¥
3/4 312 1/2

Based on equation (13), country S’s intermediate exports to country R can be

split as

0 0 1]8/5 1/5]1
ASI’B”Y” —
0 1/3|4/5 8/5 0

0 0]8/5 1/5] 0
ASTBI‘I‘YI‘S:
0 1/3|4/5 8/5)1

0 0 [4/5 2/5]0
0 1/3]2/5 1/5]1

ASI‘ B rsY sr —

0 074/5 2/5]1] [ 0
AsrBrsYss: _
0 1/3]2/5 1/5]0
[o
|1/15

Adding up the four ABY above, we can get the country S’s intermediate

0
exports to country REI*" = [J .

Country S’s intermediate exports to country R can be also split as

[0 0 3/2 o011 0
ASI’ erY rr — —
0 1/3)3/4 3/2]0] [1/4
0 013/2 0 1 0
Asr erErs — —
0 1/3)3/4 3/2]1| |3/4
Similarly, country R’s intermediate exports to country S can be split as

8/15 4/15
AI‘S BSSY SS — , AI‘S BSSY sr — ,
0 0
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Ars BSFY r — |:1/15:| AI’S BSI'Y rs — |:2/15
O i)

0

1/2 1/2
ATS LSSY SS — ’ AI’S LSS ESI’ —
0 0

Using decomposition equation (24), we can fully decompose country S and R’s

|

gross exports into the nine value-added and double counted components as reported in

table 3. Detailed computation is listed below:

-I-lsr
-I-Zsr
Tssr
-|-4sr
-I-Ssr
-I—esr
-|-7sr

T85r — (\/rBrS)T#(ArSLSSY SS)=|:

:(\/SBSS V LSS

e ey _{2/5}#[0
/5 |1

—(/sBS T#Ysrz 3/5#0 —
( )
4/5] |1

/2]

syss |\ STy ) _
= (o) #(A"B"Y )__3/4#

:(\/SLSS)T#(ASI'BI’I'YFS):
:(\/SLSS)T?#(’A\SI’BI'SYSS)=

— (\/SLSS )T#(ASI’BI’SY sr)

EISr

0
exports to country R, E* :L}.

[1/2]
13/4]

[1/2]
#
3/4

_1/2

3/5
4/5

[0
415

0 0 |
8/15 2/5 |

1/2
3/4

e

2/5# 0] [o
1/5| [1/4| [1/20

2/51.[07 [0
T _ (0B #(ALoET ) [1/5}# {3/4} _ {3/20}

Adding up the nine components above, we can get the country S’s sectoral

e

0
i
1/15} [1/20

0
| 1/20

Similarly, country R’s sectoral exports to country S can be fully decomposed as
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rs 0 s 2/5 s 1/5 s 1/20 s 1/10
T1 = ) Tz = ) T3 = ) T4 = ) T5 = )
3/5 0 0 0 0

w20l _. To] _. [w10] _. [1/10
TS = , T = I I
0 2/5 0 0

Adding up the nine components above, we can get country R’s sectoral exports
rs l
tocountry S, E” = 1|

Based on equation (25) and (26), we can estimate country S’s VAX to country R

at forward linkage.
1/3 8/5 4/5|0| [1/5 2/5|1 1/3
VAX _F* = # + =
- 1/3 1/5 8/5|1| [2/5 4/5|0 2/3
0
VAX _B* =T +T," = [J

So the VAX ratio for country S’s exports to country R can be estimated as

0
VAX F¥ Ratio=| - VAX B Ratio=
- 1/3 - 1/2

Appendix G: Numerical Example: the 3-country, 2-sector case

The 3-country, 2-sector ICIO table

Country S R T Gross

Sector | S1 S2 R1 R2 T1 T2 Vs R T output

S1 1 1 0 0 0 0| 9/10 1/10 0 3

> S2 0 1 0 1 0 0 1 0 0 3

R1 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 input 3 3 3 4 3 3

Gross intermediate and final good exports matrix is
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0 /10 0] [0 0 O] [0 1/10 O]

0 0 00100 1 O

0 0 o000 (0O O O
E=EI+EF= + =

0 0 1,000 (0 O 1

1 0 0/|j1200 (2 0 O

0 0 0/ |000O0] 0O O Of

The direct input coefficient matrix A, Global Leontief inverse Matrix B and Local
Leontief inverse matrix L and direct value-added coefficient vector V can be easily

computed as

1/31/3 0 0 0 O [3/2 3/4 3/20 3/10 0 O
0 Y3 0 /4 0 O 0 3/2 3/10 3/5 0 O
Ac 0 0 1314 0 O B 0O 0 95 35 0 O
0 0 1314 0 O 0O O 4/5 85 0 0
3 0 0 0 13 O 3/4 3/8 3/40 3/20 3/2 0
|0 0 0 0 13 V3] 13/8 3/16 3/80 3/40 3/4 3/2]
[3/2 314 0 0 0 O]
0 332 0 0 0 O
L= 0 0 9/535 0 0 V=[/3 1/3 1/3 1/4 13 2/3]
0O O 4585 0 0
0 0 O 0 32 0
0 0 0 0 3/4 3/2]
The direct input-output coefficients
Name A% AT A"
Block 1/3 1/3 0 0 0 0
matrix 0 1/3 0 1/4 0 0
Name A" A" 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 global Leontief inverse
Name B* B B
Block 3/2 3/4 3/20 3/10 0 0
matrix 0 32 3/10 3/5 0 0
Name B" B" B"
Block 0 0 9/5 3/5 0 0
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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 Local Leontief inverse

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
The Value Added Coefficients Vectors

Name Ve V' V!
Vectors | 13 | 13 13 | ua 13 | 213

Based on equation (18)-(20) and (47), the total value added coefficients can be

computed as

Total Value Added Coefficients Vectors

Name VB* VB" VB"
Vectors | 12 | 34 45 | 35 T
Name VoL ViL" ViL®
Vectors | 12 | 34 a5 | 35 1 | 1
Name VB VB" VB
Vectors o | o 120 | 110 o | o
Name ViB® VB V'B"
Vectors | 12 | 14 320 | 310 o | o

Based on equation (43), country S’s intermediate exports to country R can be

split as

e 9/5 3/51]
0 4/5 8/5]1 3/5

ASI’ I‘tht 0

0 1/4)
Asr I’I’Yrt 0

0 1/4

ASI’ I’tY tr |:

0 o0f]o

M

| 4/5 8/5

0 1/4]0

ool

1

s )]l

4
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0 0 [9/5 3/5
AsrBrrYrs —

0 1/4)|4/5 8/5
AsrBrths :_0 O 1

0 1/4) |

[0 0o 0
ASI’BTSYSS —

0 /4]0 0]

0 0
0 1/4

0

ASFBFS sr +Y$t —
( ) [ 0

|

fo)1o]
ol

oI

0
0

0
0

0
0

RN

Adding up the four ABY above, we can get country S’s intermediate exports to

0
country R EI*™ :L}.

Country S’s intermediate exports to country R can be also split as

... [0 0Toass 3/5]1] [0
ATLTY T = =
0 1/4]4/5 8/5|1| |3/5
oo [0 0795 3/5]0] [0
ATLTE" = =
0 1/4]4/5 8/5|1| |2/5

Applying decomposition equation (52), we can fully decompose each of the three

countries’ gross bilateral exports
components as reported in table 5. D

1/2

Tlsr :(\/SBSS YSI’ _[3/4

|y 2 0
T (\/ LSS) ASI’ I‘I’Y I‘I’

3/ 4 9/20
T (\/ LSS Asr rtht 1/2 # 0

3/4]"|0] |0]
TSI’ (\/ LSS Asr rrY I‘t 1/2 # 0 =_ O

“|3/4] | 2/5| 7 |3110
T (V Lss Asr rthr 1/2 # 0 0_

5
3/4]"[0] |0]

into the 16 value-added and double counted

etailed computation is listed below:

] m
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-I—Gsr — (V S

T7SI' — (\/

TSSI’ — (\/ S

TgSI’ — (\/ S

v [
i

T =(v
Ty =(vr
Ty =(vr
T =
Ty =

T = (V

LSS )T #(ASI' B I’TY I’S |:

sLss )T #(Asr Brths |:1/2j|#|:
3/4

LSS )T #(ASI’ B rSY SS ) |:;// i}#

LSS)T#(ASI’BI'S(YSI’ +YSt))

w =
~
NN
L 1
H
 ——

SECEARH MK
5 #{anLE m#{zcl)s} H

. 1/2] [1/10
Be vy =| "l
14| 0
tS rsy ss SS 1/2 0
B® | #(A™LSY
e 13120

tBts)T#(ArsLssEs*):|:l/2j|#|: O :|:|: O |
14| | 2/5] " |1/10]

[1/ 20

Adding up the nine components above, we can get country S’s sectoral exports to

country R E™ :{

1/10
1|

Similarly, other bilateral trade can be fully decomposed as in Table 5.

Appendix H: The General Case of G Countries and N Sectors

This appendix specifies the general case with any arbitrary number of countries

and sectors. The ICIO model, the gross output decomposition matrix based on the

A20



Leontief insight, and the value-added multiplier or value added share by source matrix

can be specified as follows:

Xl All AlZ . AlG Xl Yll Y12 . YlG 1
XZ A21 A22 . AZG XZ YZl YZZ YZG
I s T (H1)
XG AGl AG2 . AGG XG YGl YGZ YGG 1
_Xll X12 XlG Bll BlZ BlG Yll Y12 . YlG
x2l X22 XZG B BZl BZZ BZG Y21 Y22 . YZG (H2)
X‘Gl XGZ “: X.GG BGl BGZ ”: B(.SG YGl YGZ “: YGG
Vl O . O Bll BlZ .. BlG VlBll V]_Blz . VlBlG T
VB = 0 v2 ... 0|B®* B%Z .. B®* _ V2BE V2BZ ... y2B%® (H3)
(‘) 0 VG BGl BG2 BGG VG.BGl VG.BGZ VG.BGG

The sum of value added share from all countries in country S's production equals

to unity.
G
DV'B® =y (H4)
t

With G countries and N sectors, A, and B are GNxGN matrices. A is an NxN block
input-output coefficient matrix, and Bs denotes the NxN block Leontief (global)
inverse matrix, which is the total requirement matrix that describes the amount of

gross output in producing country S required for a one-unit increase in the final

demand in destination country R. V, is a 1 by N vector of direct value-added

coefficients of country S. X, is an Nx1 gross output vector that gives gross output
G
produced in S and absorbed in R. Xs = ZXSF is also an Nx1 vector that gives
r
country S' total gross output. Yy, is an Nx1 vector gives final goods produced in s and
G
consumed in R. Y = ZYsr is also an Nx1 vector that gives the global use of S’
r

final goods. The final demand matrix Y in equation (H1), the gross output

decomposition matrix X in equation (H2) and the value-added multiplier matrix V are
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all GNxG matrices.
Country S’s gross exports to country R include intermediate and final goods

exports:
Esr :Ysr+AsrXr (H5)
Where E* isan N byl vector of country S’s gross exports to country R.

Based on equation (H3), country R’s gross output can be decomposed as
G G G

Xr :ZX rt :zzBrthu
t t u

G G G G
:BrrYrr+ZBrtht+Brr ZYn+zzBrthu (H6)

t#s,r t#s,r t#s,ruzs,t

+BrrYrS+iBrthS+BrSYSS+iBrSYSt

t#s,r t#s
Inserting equation (H6) in to country S’s intermediate exports to country R, the
last term in equation (H5) can be expressed as:
G G G G
Asrx r_ AsrBrrY r + Asr zBrtht + AsrBrr ZY rt + Asr Z zBrthu
t#s,r t#s,r t#s,ru=s,t (H7)
G G
+ASI’BI'I’Y rs +Asr ZBI’tYlS +ASI’BI'SYSS +ASI’ZBFSYSt

t#s,r t#s
On the right-hand side of equation H7, country S’s intermediate exports are split

into eight terms, similar to equation (43) in the three country model. The 1% term
(A'B"Y™), 5" term (A*B"Y™), and 7" term( A"B®Y*) are country S’s
intermediate exports which are direct absorbed by the importing country to produce
its domestic consumed final goods; used by the direct importing country to produce
its final goods exports and shipped back to the source country; and used by the direct
importing country to produce intermediate goods exports and shipped back to the
source country for production of source country’s final goods for domestic
consumption, respectively, the same as the three terms in equation (43), but without
giving detailed sector elements in each of the three related block (A, B, Y) matrixes.

G G G G
The 2" term (A >BTYY), 3" term (A"B" >y, 4" term (A™ > > B"Y"), and

t#s,r t#s,r t#s,ru=s,t
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G
the 6™ term (A™ Z B"Y"™ ) are country S’s intermediate exports which are used by

t#s,r

the direct importing country to produce intermediate exports to the third country in
production of its domestic consumed final goods; used by direct importing country to
produce its final exports to the third country (but do not return back to the source
country); used by the direct importing country to produce intermediate exports to the
third country T for production of final exports shipped to other countries including
those returning back to the direct importer (country R); used by the direct importing
country to produce intermediate exports to the third country for production of final
exports that return back to the source country respectively. Although with a very
similar economic interpretation as those terms in equation (43), all of these four
third-country terms in equation (H7) include all other G-2 counties, not only a single
third country T as that in equation (43).This means all other counties besides the two
partner countries that are the final destinations of the source country S’s intermediate

exports , are aggregated together as one group in equation (H7). The final term,

G
A“Z B™Y*, is country S’s intermediate exports used by the direct importing country

t=s
to produce intermediate goods exports that are shipped back to source country for
production of its own total final goods exports, similar to the last term in equation (43)
for the three-country model.

Based on equation (34), we can decompose Country S’s intermediate exports to
country R into two parts by using the gross output use identity:

ATX" = ATL"Y" + AYLTE"” (H8)

Where L"is the N by N local Leontief inverse matrix, and E"” is an N by 1

G
vector of total gross exports by country R. E" = ZE” :

t#r
From equation (H3), we can obtain the total value-added multiplier for every

country:

A23



VSBSS —

- -
S|y SS
D vibs
i
N
S|y SS
Zvi b
i

-
S|y SS
Zvi by
L i J

VI’BI’S —

[N
rwrs
D.vib

i

N
ra\rs
Zvi bi,

i

-
rrs
ZVi bi
L i i

VIBtS —

N
tts
D vib;
i
N
tts
zvibiz
i

-
tts
ZvibiN
|5

(H9)

Using equations (H7) to (H9) and add the decomposition of country S’s final

goods exports to country R based on the Leontief insight directly we obtain the

decomposition equation of gross bilateral exports from country S to country R in the

most general G-country N-sector case as follows:

ESI’ :VSBSS#YSI’ +VSLSS#ASI’XI’ +(\/SBSS _VSLSS)#ASI’XI’

G G
+VrBrS#YSI’ +VrBrS#A5rxr+thBtS#Ysr+thBtS#Asrxr

t#s,r

G
:VSBSS#Y sr +VSLSS#ASI’ BI’I’Y r +VSLSS#ASI' zBrtht

t#s,r

t#s,r

G G G
+VsLss#AsrBrr ZY rt +VsLss#Asr ZZBrthu

G
+VSLSS#ASI‘BTI‘Y rs +VSLSS#AST ZBHY[S +VSLSS#ASF BrSY ss

t£s,r

t£s,r

t#s,ru#s,t

G
+VSLSS#ASFZBI"SY st +(VSBSS _VSLSS)#ASFX r

t#s

+V I’BI’S#Y sr +V TBI’S#ASI’ LTI’Y 18 +V I’BI’S#ASI’ LI’I’EI’*

G G G
+ thBtS#Y sr + thBtS#Asr LrI’Y r + thBtS#Asr LI’rEI’*

t#s,r

t#s,r

t#s,r

(H10)

The economic interpretations for the 16 terms in equations (H10) are similar to

equation (52), so we do not repeat here to save space. The only difference is that all

the third-country related terms become a sum of G-2 countries except for the two

trading partner countries, instead of just one third Country T, as in equation (52).

Summing up all the G-1 trading partners, we obtain the decomposition equation

of country S’s gross exports to the world:
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ES* :iEST :VSBSS#iYsr +VSLSS#iASrBrrYI’I’ +VSLSS#iASr iBrtYn

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

G G G G G
+VSLSS#ZAsrBrr ZY rt +VsLss#zAsr Z ZBrthu

r#s t#s,r r#s t#s,ru#s,t

+VSLSS#i ASI'BI’rY rs +VSLSS#i Asr iBrthS +VSLSS#i ASrBI'SY SS

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

+VSLSS#iAsriBrSY st +(vSBSS _VSLSS)#iASrX r

r#s t#s r#s

G G G G
+Z(VrBrs#Ysr+ZVtBts#Ysr)+Z(VrBrs#AsrerYrr+ZVtBts#AsrerYrr)

r#s t=s,r r#s t#s,r

G G
+Z(VrBrs#AsrerEr*+ ZVtBts#AsrerEr*)

r#s t#s,r

G G G G
=VSBSS#ZY sr +VsLss#ZAsrBrrY r +VsLss#ZAsr ZBnYtt

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

+VSLSS#§: AsrBrr iY rt +VSLSS#§: Asr i i Brthu

r#s t#s,r r#s t#s,ru=s,t

+VSLSS#§ AsrBrrY rs +VSLSS#§: Asr iBrthS +VSLSS#§: ASrBrSY 5

r#s r#s t#s,r r#s (H 11)
+VSLSS#iA5riBrSYSt+(\/SBSS _VSLSS)#iAerr
6 6 r#s t#s . o r#-sG .
+ZthBtS#YSr+ZthBtS#ASrLI’I’Yrr+ZthBtS#ASrLI’I’Er*
r#s t#s r#s t#s r#s t#s

As a sum of domestic value-added in gross exports to all other G-1 countries, the
first 10 terms that decompose country S’s domestic value-added in exports have the
same economic interpretations as the first 10 terms in equation (H10). However, the 6
terms that decompose foreign content in bilateral gross exports are summed to three
terms with no distinction between direct importing country and all other countries.

Summing up equation (H11) by sectors, we can obtain a decomposition equation
for total gross exports of country S, which is exactly the same as equation (36) in

KWW. Detailed math proof is given below.

Consistency between Equation (H11) and Equation (36) in KWW
Based on equation (H9), we can derive the total value-added multiplier for every

country by sector as
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N N

uV sBss — zivisbi?s Z\TSBSSﬂT ﬂVSLSS — Zivislgs Z\TSLSS,UT
] i (H12)

ILIV rBrs — ZN:Z,\_‘:Virbigs :V_rBrsluT /JVtBtS — iivfbﬁs Z\TtBts,uT
J J

where Vs, A and v are row vectors of direct value added coefficients of

.
country S, R and T, respectively. # is the transpose of .
Summing up equation (H12) by sectors, we can obtain a decomposition equation

for total gross exports of country S

ILIES* :ﬂvsBSS#iYsr +IleSLSS#iASI’BrrYrr +ﬂvSLSS#iASI’ iBrtht

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

+ﬂVSLSS#iA$rB” in’t +ﬂVsL$$#iASI’ iiBrthu

r#s t#£s,r r#s t#£s,ru#s,t

G G G G
+luVsLss#ZAsrBrrY rs +ﬂVSLSS#ZAerBrthS +stLss#ZAsrBrsYss (H13)
r#s r#s t#s,r r#s

G G G
+#VSLSS#ZAerBrsY st +/J(VSB$$ _VsLSS)#ZAsrXr

r#s t#s r#s

+”iinBtS#Y y JfﬂiinBts#Asr Ly " +ﬂiinBtS#ASr LTE™

r#s t#s r#s t#£s r#s t#s

Inserting equation (H12) into (H13):

/uEs* :\TSBSS S Ysr +\TSLSSiAsrB”Y r +\TSLSSiAsr iBrtht
B . r#s . _r¢s . . r#s t#s,r
+V sLssZAsrBrr ZY rt +V sLssZAsr Z ZBrthu
B r;s t#s,r B . r#s . t#s,rus,t B .
+V sLSSZAsrBrrY rs +V sLsszAsr Z Brths +V sLssZAsr BrsY ss (H14)
r#s r#s t#s,r r#s
G

_ G _ _ G
+V sLssZAerBrsYst +(V SBS _\/ sLSS)ZAsrXr

r#s t#s r#s

+ii\7tBtSY sr +ﬂii\7tBtSAsr erY r +ii\7tBtSAsr erEr*

r#s t#£s r#s t#s r#s t#s

Re-arranging:
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luEs* :\TSBssiYsr +\75LssiAsriBrtYn +\75LssiAsriBrt thu

r#s r#s t#s r#s t#s u#s,t

+\75L55iAsri Brths +\75LssiAsrBrsYss

r#s t#s r#s

_ G G _ G
+V sLssZAsrBrsz Yst +V S(BSS _LSS)ZAsrXr

r#s t£s r#s

_'_ii\TtBtsY sr _'_luii\TtBts Asr erY rr + ii\TtBtsAsr erEr*

r#s t#s r#s t#s r#s t#s

By doing the following manipulations,

G G G G
ZAerBrt :ZAstZ Btr

r#s t#£s t#s r#s

(H15)

equation (H15) can be re-arranged as

— G _ G G _ G G G
/JES* =V sBss Ysr +V sLsszAstthrY rr +V sLsszAstZBtr ZY ru
- . rzs . ti r:s t#s r#s u=#s,r
+V sLsszAstthr ZY rs +V sLsszAsrBrsY ss

t#s r#s r#s r#s

(H16)

_ G G _ G
+VsLssZAsrBrs Yst +V S(BSS_LSS)ZAsrxr

r#s t#s r#s

+ii\7tBtSYsr +ﬂii\7tBtSAsrL”Y rr +ii\7tBtSAsrerEr*

r#s t#s r#s t#s r#s t#£s

Based on the definition of global Leontief Inverse matrix, the following identity
holds:

I _All _A12 . _AlG Bll BlZ . BlG I 0 . 0
_A21 I _A22 _AZG BZl BZ2 . BZG 0 I . 0
_AGl —A'GZ I —.AGG BGl BGZ : BGG 0
11 12 1G 11 12 1G (H17)
BY B2 ... BOI_-A% _A2? ... _A
B BZl BZZ BZG _A21 I _A22 . _AZG
B.Gl B;}Z B(;G _AGl _A.\GZ : I _;A\GG

From (H17) we can obtain the following two equations:

G

(1-A*)B" -> A"B" =0 (H18)
t#£s
G G

(l _ASS)BSS _ZAsrBrs = = BSS(I _ASS)_ZBsrArs (ng)
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Re-arranging equation (H18) and (H19):

G G
Bsr — (I _ASS)—lz AsrBrr — LsszAsrBrr (HZO)

r#s r#s

G G
Lssz AsrBrs _ Bss _ Lss — Z Bsr Ars Lss (H21)
Inserting equation (H20) and (H21) into equation (H13):

G

IuEs* Z\TSBSSZYSI‘ +\75LssiBerrr +\73iBsr inu +VsiBerrs

+\73 Lss i Asr BrsY ss +\75 i Bsr Ars Lss iY st +\75 i Bsr Ars Lss i Ast Xt (H22)
r#s r#s t#s r#s t#s

+fzsi\TtBtSY sr +ﬂrezsi\7tBtSAsr erY m +rezsi\7tBtSAsr erEr*

Re-arranging:

/IES* :\TSBssiYsr +\75LssiBerrr +\7$iBsr inu +\75iBerrs

r#s r#s r#s u#s,r r#s

_ G _ G .
+V sLssZAsrBrsY ss +V szBsrArsLssEs (H23)

r#s r#s

+ ii\TtBtsY sr +ﬂi§:\7tBtSAsr erY m +ii\7tBtSAsr erEr*

r#s t#s r#s t#s r#s t#£s

It is the same as equation (36) in KWW.

Appendix I: The difference between Value-added exports and GDP by Industry
in Gross Exports at the Country-sector Level

As pointed out in KWW, domestic value-added in a country’s exports and
value-added exports are, in general, not equal to each other. They are related but
different concepts. The former only looks where the value added is originated
regardless where it is ultimately absorbed. While a country’s “value added exports”
refers to a subset of “domestic value added in a country’s exports” that is ultimately
absorbed abroad.

Figure 11 plots the time trend of “value-added exports”(VAX_F) and “domestic
value-added” in exports to GDP ratios (both of them are based on the forward-looking
linkage) for four selected industries based on estimates from WIOD. These graphs

show clearly domestic value-added in exports to GDP ratios are constantly higher
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than sector value-added exports to GDP ratios, especially for advanced economies.

For instance, the difference between these two ratios is around 4%, 5% and 4% of

sector total value-added for the United States, and 3.5%, 2.5% and 2% for Germany in

basic mental, electric and optical equipment, and transportation equipment industries,

respectively, during the 15 years. Even in the textile and textile industries, there is

also a 2-3% difference consistently between these two ratios for the U.S. and

Germany during the same period. While the difference between these two ratios for

most developing countries is generally tiny.

Figure 11 The Difference between Value-added exports to GDP and Domestic

Value-added in exports to GDP ratio
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Appendix J: Notations and Important Decomposition Relations

1. At the country aggregate level
(1) E*=DVA®* +FVA* +RDV*® +PDC*®

(2) DVA® =VAX _F°®=VAX _B®

2. At the country-sector level

(3) E: =DVA: + FVA® +RDV + PDC}
(4) DVAS =VAX _B® #VAX _F}

(5) GDPInE§ =VAX _F +RDV _FS % DVA® +RDV;

3. At the bilateral aggregate level

(6) E* =DVA*™ + FVA® + RDV * + PDC*

(7) DVA™ =VAX B =VAX _F*

4. At the bilateral-sector level

(8) E¥ = DVAY + FVA¥ +RDV " + PDC ¥

(9) DVAY %VAX _B¥ #VAX _F~

where E°® is country s’s gross exports. (time subscript is omitted for simplicity.);

DVA® is domestic value-added that is exported by country S and ultimately absorbed

abroad; FVA® is foreign value-added in country S’s exports; RDV® is returned
domestic value-added in country S’s exports, or domestic value added that is initially
exported by country S but eventually returned and is consumed at home; PDC°® is

pure double counted component due to double counting of the previous terms in some
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countries’ exports (or back-and-forth intermediate goods trade).

VAX _F°® is forward-linkages based value added exports, equaling the sum of
VAX _F; across all sectors; RDV _F} is forward-linkages based domestic
value-added that is first exported but finally returns and is consumed at home;
VAX _B°® is backward-linkages based value added in exports of country S, equaling

sum of VAX _B; across all sectors.

E; is total exports of sector j from country S; DVA?, FVA!, RDV/, and PDC;

are the four major components of sector j’s gross exports, backward-linkage based;

GDPInE }is GDP by industry in exports. This concept of value-added created by

production factors (labor, capital) employed in sector j of country S and embed in the
sector’s gross exports, is only concerned with where the value-added is created, but

not where it is absorbed;

VAX _Fis forward-linkages based value added exports of sector j from country S,

which is sector j’s value added embedded in all sectors gross exports from country S

(including indirect exports of sector j’s value added through gross exports of country

S’s other sectors); VAX _B; is backward-linkage based value added exports of

sector j of country S, which is value added from all sectors in country S that is

embedded in its sector j’s gross exports.
5. Finer Decompositions:
(10) DVA]" =DVA_Fin] +DVA_Int]" + DVA _ Intrex}’
(11) VAX _F7 =VAX _F _Fin? +VAX _F _IntJ +VAX _F _Intrex’

i
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VAX _ Fij — iv]s BSSY sr + ivf Ber rr + ivstsr iY rt

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

Where ij=[0 VA 0]

(12) VAX _B¥ =VAX _B_Fin¥ +VAX _B_Int +VAX _B_ Intrex’"

VAX _ BJSF — iv S BSSYer 4 iv S BSrerl’ 4 iv]s BSF inrt

r#s r#s r#s t£s,r

(13) PDC¥ =DDC" +FDC¥ =DDC _Fin® + DDC _Int¥ + MDC ¥ +0DC "

(14) FVAT =FVA_Fin] + FVA_Int] = MVA_Fin}" + MVA_Int;" + OVA_Fin}" + OVA_ Int]
where
DVA_Fin{"is domestic value-added in final goods exports consumed by direct
importers; DVA_Int]" is domestic value-added in intermediate goods exports

absorbed by direct importers; DVA _ Intrex | is domestic value-added in intermediate

goods re-exported to third countries.

Similar to the three sub-components for VAX _Fand VAX _B}", we have the
following sub-components: DDC " is domestic value-added pure double counting in
production of exports; FDC " is foreign value-added pure double counting in
production of exports; MVA{"is foreign value-added sourced from the direct importer;
OVA["is foreign value-added sourced from third countries; MDC]' is the direct

importer's VA double counted in exports production; ODC]" is third countries’ VA

double counted in exports production.

At the country aggregate level

DVA_Fin® =VAX _B_Fin® =VAX _F_Fin’,
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DVA_Int*=VAX B _Int*=VAX F _Int®
DVA _Intrex’ =VAX _B _Intrex® =VAX _F _Intrex®
RDV _Fin®*=RDV _B_Fin*=RDV _F _Fin®

RDV _Int*=RDV _B_Int*=RDV _F _Int®

At the country-sector level

DVA_Fin; =VAX _B_Fin} #VAX _F _Finj],

DVA _ Intf =VAX _B_Int? #VAX _F_Int?

DVA_ Intrex; =VAX _B _ Intrex; #VAX _F _ Intrex;
RDV _Fin} =RDV _B_Fin] # RDV _F _Fin;

RDV _Int: =RDV _B_Int{ # RDV _F _Int}

At the bilateral-sector level

DVA_Fin" #VAX_B_Fin" #VAX_F _Fin"
DVA_Int¥ #VAX _B_Int¥ =VAX _F _Int'

DVA _ Intrex;" # VAX _B _ Intrex]” # VAX _F _ Intrex}’
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