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Abstract
In this paper we present and analyze new referential statistics for risk

assessment on geographical concentration of global supply chains. The study’s net
contribution rests on the development of a metric which indicates geographical
concentration in terms of the frequency of supply chain engagement with the regions
of analytical concerns, alongside the traditional approach based on volume measures
of value-added concentration.

Japan, a country with a high propensity to encounter natural hazards, and
China, under a mounting geopolitical tension with the United States, are chosen as
target regions for the risk assessment. The analysis follows a line of techniques in
input-output economics known as the “key sector analysis”, yet with methodological
augmentation by a compatible analytical framework in the network theory. Using the
latest set of multi-country input-output tables constructed by the Organisation for
Economic Co-operation and Development (OECD), the concentration risks of some key
global supply chains such as the automotive industry and the ICT/electronics
equipment industry are identified.
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1. Introduction

The world economy in the 21st century has given a rise to new production
arrangement known as global value chains (GVCs), in which production processes are
sliced and relocated to the places where the corresponding tasks are most efficiently
performed.! Thanks to the rapid advancement of transportation modes and information
& communication technology (ICT), production networks continued to expand to cover
every corner of the globe; yet, at the same time, the pursuit of optimal allocation of
resources often resulted in agglomeration and concentration of key production capacities
in a certain region of a certain country.

This may work well in a good time, but when things start to go wrong, such
production hubs can turn to “choke points” of the entire economic system. The multiple
examples are found in the recent history; the Lehman Shock, the Great East Japan
Earthquake, or various forms of cyber-attacks, where hyper economic interdependency
rendered the production and financial system particularly vulnerable to a single point of
failure.

The series of incidents has driven our attention to the systematic risk associated
with geographical concentration of supply chains in global production networks. Flows
of goods, money, people, and information jointly form a highly complicated nexus of
economic activities, and a shock generated in one region may rapidly and extensively
propagate to other regions across national borders in an unforeseeable manner.

Against this backdrop, we propose a novel approach to construct a risk indicator
for firms’ business operation, especially in the global context, by mapping the degree of
geographical concentration of supply chains. This is done along a line of traditional
techniques in input-output economics known as the “key sector analysis”, yet with
methodological augmentation by a compatible analytical framework in the network
theory.

The novelty of the paper rests on our claim that we measure concentration risks
in terms of the frequency that a particular supply chain passes through a high-risk
region, as opposed to the conventional approach based on a volume concept. If the
analysis is directed to the issues of supply chain disruptions (such as natural disasters
or geopolitical conflicts), then the measurement will reveal the degree of supply chain
vulnerability to unpredicted incidents in the region of analytical concerns.

The paper is structured as follows. The next section presents literature review

with respect to the relevant methodologies, showing how our approach differs from the

1 For an overview of GVC studies, see Inomata (2017), or, in Japanese, Inomata (2019).
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previous studies. The third section introduce the basic model and the mathematical
definitions of the metrics. The fourth section presents analytical examples on Japan and
China using a multi-country input-output table, while the fifth section suggests some

possible extensions of the research. The final section concludes.

2. Literature review

One of the strengths of the input-output analysis rests on the use of harmonized
information on sectoral linkages embedded in input-output tables. The values of
intermediate transaction in the table can be considered as materialization of inter-
connectedness between industrial sectors, from which a multitude of linkage measures
have been devised so far. The key sector analysis is based on these sectoral linkage
metrics, as a certain sector can be regarded as a “key” if it is more connected than others
and hence able to inflict a larger impact on the economy.

Consider an n-sector economy whose input-output system is represented by the

following balance equation:

X1 aj; Q12 Qi3 ... QA X1 1

X2 A1 Qzz Q13 ... Qzp X2 Y2
X=| X3 |=| Q31 Q32 a3z .. d3p X3 |+ Vs

Xn anq (12%) Ap3 - Qpp Xn Yn
= Ax+y

(D
where x = (x;,...,x,)" is an (n X 1) vector with its elements corresponding to a total
output of each sector, y = (y,...,¥,) is an (n X 1) vector containing final demands for
products of each sector, and 4 is an (n X n) input coefficient matrix which represents the
amounts of intermediate inputs from a row sector directly used for a unit production by
a column sector. Then, wehavex =Ax+y © (I-A)x=y © x=({I—A)" 'y where I is
an (nxn) identity matrix. Here, we denote by L= (I —-A)"1=I+A+ A%+ the
Leontief inverse matrix which represents the amounts of intermediate inputs from a row
sector used for a unit production by a column sector, both directly and indirectly (i.e.,
through the higher-order tiers for sourcing production inputs).

Accordingly, if we look at the Leontief inverse matrix in the column-wise direction,
it shows how much demands each sector is able to stimulate for the economy, while, in
the row-wise direction, how much supplies are needed from each sector by the economy.
So, by comparing the magnitudes of sectors’ column totals (backward linkages) or row

totals (forward linkages), we can identify which sector is most influential, or a key, to the
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economy as a whole.2

The key sector analysis has a long history in input-output economics, dating back
to the late 1950s (Rasmussen (1957), Hirschman (1958), Chenery and Watanabe (1958)).
The major advancement from the traditional approach was observed a decade later,
when the Hypothetical Extraction Method (HEM) was proposed and explored. The basic
idea of the method is that we consider a “hypothetical” input-output system in which a
sector in question is artificially suppressed, and thereby measure the importance of this
suppressed sector for the entire system by comparing the performances of the actual
economy (with the sector) and that of the hypothetical economy (without the sector).

Specifically, let 71(,5) be a hypothetical input coefficient matrix such that its
elements a,;; = 0 if either i =¢ or j = ¢t while a);; = a;; otherwise. The HEM impact
for sector t is defined as the difference in the outputs of the actual economy and the
hypothetical economy; that is,

HEMy = i'Ly — 'Ly =i'(L — L))y
.(2)
where i(t) is the Leontief inverse matrix of 71(,5) and i’ is a row summation vector.

Early developers of the HEM are Paelinck, de Caevel, and Degueldre (1965),
Strassert (1968), and Schultz (1976). Temurshoev (2009, 2010) extend the method for
group-wise identification of key sectors, while Dietzenbacher and Lahr (2013) develop it
in a more generalized framework.

The HEM was first brought into the international context by Dietzenbacher et
al. (1993) which use a multi-country input-output tables for selected EU countries. The
multi-country analysis is further elaborated in Dietzenbacher, van Burken, Kondo (2019)
in which the problem of extracting one or more sectors in a closed input-output system
(leading to “imports from Mars”) is dealt with by explicitly considering the substitution
of extracted sector’s inputs with those from third countries.

Recent applications of the HEM to international trade are found in the topics of
global value chains. Los et al. (2016) and Los and Timmer (2018) propose a simple yet
precise interpretation of gross export decomposition into value-added sources, which
shed a new light on the earlier decomposition methodologies. In this vein, Miroudot and
Ye (2021) demonstrate a comprehensive HEM approach to gross export decomposition,
which provides a common platform for quantifying different notions of value-added

double-counting within a single accounting framework.

2 The earliest literature in the field used input coefficient matrices, rather than the Leontief inverse
matrices, to derive forward/backward linkages. Also, the Leontief inverse matrix was subsequently
replaced by the Ghosh inverse matrix for the calculation of forward linkages.
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Another important strand of the HEM application is seen in the field of
environmental economics. The identification of key sectors which impose the largest
negative impact on the environment is crucial for designing policy tools that effectively
reduce greenhouse gas emissions (Lenzen, 2003). In this spirit, the HEM is applied to
environmentally extended input—output models of Italy (Ali, 2015) and of China (Wang
et al., 2013; Zhao et al., 2016) to measure the CO2 emission linkages in domestic supply
chains. Using a multi-country input—output model, Hertwich (2021) quantifies the levels
of greenhouse gas emissions and global carbon footprint of material production.

Closer to the topic of our current interest, Dietzenbacher and Miller (2015)
allude to the possibility of applying the HEM to impact assessment of natural hazards,
by referring to the preceding study by Muldrow and Robinson (2014) on the 2008 Cedar
Rapids Flood in the United States. Likewise, Xia et al. (2019) evaluate a specific case of
IT service shutdown during the 2015 York flood in the UK using the HEM.

Our present paper is differentiated from these foregoing studies in several
respects. The primary focus of the previous literature is directed either to the
identification of most influential sectors for economic/environmental amelioration, to
structural decomposition of production systems for an accounting diagnosis, or to
posterior impact assessment of a specific natural hazard. By contrast, we aim to apply
the key sector analysis to precautionary risk management of global supply chains. The
recognition of potential “choke points” in production networks as key sectors, and the
evaluation of associated risks in terms of geographical concentration of supply chains,
are what distinguish this paper from others in regard to research motivation, and what
necessitate the exploration of an unorthodox approach, which is unfolded below.

In the perspective of risk analyses, there are a volume dimension and a
frequency dimension for risk assessment. For example, the chances that our families get
infected with virus will be high, either because they go to a risky place altogether at once,
or even just one of them goes, he/she visits there frequently. Or, perhaps even more
straightforward analogy is that events of earthquake are reported and analyzed with
respect to both the magnitude and the frequency of occurrence.

Paraphrasing it in our context, a supply chain is considered highly exposed to a
specific country risk, if its product contains a significant volume of value-added sourced
from the country in question, or if the production activities along the supply chain involve
frequent engagement with the country’s industrial sectors. The first factor is self-evident,
but the second factor is also important because it relates to the probability aspect of how
likely the supply chain is caught by contingencies in the country of concerns. The

traditional key sector analysis, however, can only address the volume-wise scale of inter-



sectoral spillovers, be it backward/forward linkages or the HEM. It is therefore unable
to capture in isolation these dual attributes — volume and frequency — of concentration
risks.

With this in mind, the following section demonstrates a method to quantify
supply chain concentration in the frequency dimension, which is expected to serve as a

complementary metric to the traditional volume measures of geographical concentration.

3. Basic model and the definition of the indicator

The Pass-through Frequency (PTF) presents the average number of times that
a particular supply chain passes through a target sector in a given production system. It
is built upon a property of the Structural Betweenness Centrality developed in Liang et
al. (2016) as one form of key sector analyses.

Backward propagation of a final demand impact in a (k — 1) stage path is
presented as follows
a

a a

51S: 52 S: SS"'aS_SyS
1°2 2°3 324 k—1°k k

(3
where ag,  is aninput coefficient from sector s; to sector s;,4, and ys, is afinal demand
for products of sector s,. Suppose that the target sector t is one of intermediary sectors
s; (i=234,..,k—1) along the path. Let uy,u,,...,u; be the upstream sequence of [
sectors in relation to sector t and d,,d,, ..., d,, be the downstream sequence of m sectors
in relation to sector t, where [ + m = k — 1 and u;,, = d, = t. Then, the (k — 1) stage path
including sector t can be represented as uq,us, ..., u;, t, dy,d,, ..., d,, and the Equation (3)
is reformulated as

a a

UUy; PUpU3z " aul_lul ault atd1 ad1d2 adm_ldm ydm

..(4)
The structural path of the impact propagation from sector d,, to sector t is given by the
right half of Equation (4), Atq, Aa,a, - %a,,_.d,, YVa,,» and hence the total impact of all paths

running up to that point is calculated as:

E E E (aca, @g,q, A4 _.a YVa.)
1 1“2 m—-14m m
d, ~d, dm-1
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..(5)



Then, the further propagation from sector t for the remaining path up until
sector u; is the higher-order backward propagation of Equation (5) commencing from
sector t; 1.e., Ay u, Qu,uy -~ Qupyu,Quyt * Zd1,---,dm—1(atd1 Aq,a, A, _,d, ydm). Accordingly,
the total impact delivered along all paths running through the entire sequence from

sector d,,, to sector u, via sector t is calculated as:

§ Quu, Quyus = Auy_qu; Qugt * §
Uz, Uy Aypenldm-1
= z (au1u2 Auyuy - aul—1ulaulf) z

Uy,..., U] dqyesdip—

Meanwhile, it is known that [A"]

(atd1 Ag,dy -~ Adyy_1dpy, Ydm)>

(atd1 Ag,dy - Adpy_1dpy, Ydm)>
1

..(6)
ij» an element of Ath-power of an input
coefficient matrix 4, indicates the total amount of impacts delivered from sector jto
sector 7 for all paths with a length of A (i.e., with A times iteration of propagations). This
property of an input coefficient matrix allows reformulation of Equation (6) as:

[Al]ult : [Am]tdm Y, -

(D
Specifically, the impact transmission through the shortest possible path, with only one-
shot propagation for each of the upstream and downstream sequences (i.e., [ = m=1, the
propagation path: d; 2t 2 u,), can be presented as follows:
[Al]ult : [1‘11]15011 Ya,
= Qy,t " Atd, Ya,

..(8)

Finally, we consider every possible combination of an upstream path and a

downstream path with different lengths: [-stage path for the upstream sequence, and m-
stage path for the downstream sequence, which leads to the following specification of

total impacts delivered through all paths via sector t for respective supply chains.

Z;Z::l(fl’](f)Am 9)
O a0 _am)s

L-DJjpL-DYy

..(9)
where 9 is an (nxn) diagonal matrix containing final demands for its diagonal elements
and zeros (0s) elsewhere, J ) is an (nxn) matrix containing 1 for (t, t)-th element and

zeros (0s) elsewhere, and L — I = LA= AL = A' 4+ A? + A3 + ---.



Now, Equation (9) shows the entire set of impact propagations along every path
that goes through the target sector t. Importantly, it is possible that sector t appears
multiple times along a path. This means that more than one of the sectors uy, uy, ..., u;,
dy,d,, ..., d,, in Equation (4) can be sector t. When this is the case, note that Equation (9)
performs multiple-counting of an impact delivered through the corresponding path by
the same amount. Why? This is because each sector t along the path defines a specific
pair of the upstream/downstream sequences, and each of these pairs additionally counts
the identical amount of impact under Equation (9); see Appendix A for an illustrative
example.

In general, multiple emergences of target sector t along a path result in
multiple-counting of the identical amounts of impacts by the number of sector’s
emergence. Upon this ground, and in light of the definition given in Liang et al. (2016),3
Equation (9) can be expressed as

[ee]
Zk Z ( Ct) " Qsys, Asysy Asgsy oo Ay g5 ysk)
=3

52,..,5k—1
...(10)
where ¢ is the number of times that the sector t appears on a particular backward
linkage path s, = s,_q = =+ = 53 > s, = s; specified by the multiplicand on the right, i.e.,
coy = {J1s; =3\ {1, k}|. The summation %, 5, () is to embrace every combination of
intermediary sectors s; (i = 2,3,4,...,k — 1) for a path with the length of (k — 1), and

Y% (") is to consider every path with a different length of more than 2 Gi.e., k > 3).

Capitalizing on this property, we propose and define the Pass-through Frequency of

an (i, j) supply chain for sector t as:

[L](t)L_ T ]U.
f(t)ij B [L - I]ij

.. (11)
Note that, unlike Structural Betweenness Centrality, we use L instead of L — I in the
numerator; this is to allow for the emergence of target sector t at either/both of the
terminal points of a path, i.e., ¢y = |{j | 5; = t }| (Tokito, et al. 2021). Also, the terms T
and I are respectively subtracted from the numerator and the denominator in order to
negate the values corresponding to the initial final demands, which are analytically

irrelevant to identifying the structure of the networks.

3 The specification in Liang et al (2016) uses a different notational system.
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By analogy to Equation (10), the PTF can be alternatively expressed in the form

of a structural path such that:

(o0}
_ Ct)lsys, T Zk=3 Z52,...,5k—1( Ct) " sy, Asys3 Asysy aSk—15k)

for,s, = [L—1]

®© [L_I]slsk k=3

S1Sk

c . a5152 a5253 a5354 ask—15k
© [L - I]slsk

52,.5k-1

.. (12)
Since the denominator [L — I]_,, is the total amount of impact propagations from s to
s;, the multiplicands a, g /[L —I]s,;, and (a5152 As,s, A5, - ask—15k)/[L — I, give a
share of the impact delivered through a particular backward path s, — s, (single-stage
path) or s;, = s;_; — - = s3 = 5, — 5, (multi-stage path).

Accordingly, Equation (12) shows that the PTF is equivalent to a weighted
average of ¢, an integer indicating the number of times that the target sector t appears
in a particular (sq, s;) path, using the aforementioned impact shares as weights. In effect,
the metric indicates the frequency that a particular supply chain engages with the target
sector through the operation of a given production system.4

The above specification of the indicator offers the following analytical benefits:

i) It is possible to calculate a value for a supply chain connecting any two sectors,

ii) The value can be calculated from only one data source: an input-output table,

iii) Given the Leontief inverse matrix of an input-output table, the value can be
computed in a constant time, and hence the computational cost is low.5

iv) The indicator has a set of weights as a built-in decay parameter in an economically
meaningful way, so that the value will converge.

Regarding point iv), let us consider a pair of (s;,s;) paths with different lengths
yet with the same number of times that the target sector appears along the way.
Apparently, the longer path has lower density of target emergence than the shorter path,
and hence it should be assigned with a smaller weight in calculating the value of the
indicator. The impact shares as weights serve for this purpose since an impact becomes
smaller as it goes along a path for higher-order propagations, thanks to the property of

an input coefficient (a;; < 1).

4 The PTF has a similar structure to the Average Propagation Lengths (APL) proposed by
Dietzenbacher et al. (2005). The APL measures a length of a supply chain connecting a pair of industrial
sectors, and defined as a weighed average of the number of propagations using impact shares as weights.
Specifically, APL;; = [LAL];;/[L—1];; = [1A*+2A4%+3A%+-];/[L—1];; = [Zp.,hA"];/IL-1]; =
i-i{h - ([AM;;/IL - I1;;)}, where A is the number of impact propagations from sector j to sector i.

5 Since J( is an (nxn) matrix containing 1 for (¢, t)-th element and zeros (0s) elsewhere, we can

explicitly denote each (i, j)-element of L )L as l;;1;.
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Analogously to the PTF for a sector, we can also consider the Pass-through
Frequency for a transaction, which indicates the frequency that a particular supply chain
engages in the target transaction through the operation of a given production system.
The definition is similar to the one for the sectoral model, i.e., the average number of
times that a supply chain passes through a target transaction specified by a particular
element in an input-output matrix. Based on the Structural Betweenness Centrality for
a transaction proposed by Hanaka et al (2017), the PTF for a transaction can be

formulated as follows:

f(tl,tz)slsk _ [af1f2[i’]_(f;;|t2)ll ]S1Sk’
S15k
... (13)
where J,r, is an (nxn) matrix containing 1 for (t;, t,)-t element and zeros (0s)

elsewhere; see Appendix Bfor a detailed exposition of the transactional model.

Using this transactional model, we further demonstrate that impact
propagations of a particular supply chain can be decomposed in accordance with the
number of times that the transaction (t;,t,) appears on each propagation path. Define
o™ (sy,t,,t,,5;) as the total amount of impact propagations from s, to s; such that
transaction (t;,t,) appears exactlyr times along the paths. Also, let A, .,) be a matrix
such that its elements ai, . ; = a;; if i = t; and j = t, while a; . );; = 0 otherwise, and
Z(tl,tz) = A — A, +,) be a hypothetical input coefficient matrix with respect to (t,t;).

Then, 6™ (sy, t;, t5, S) can be formulated as:

[i(tptz) - 1]515 r = 0

k

(T)( =
o Slltll tlek) — —
I:(L(tl’tz)A(tl'tZ))r L(tl'tZ)]Slsk r 2 1

.. (19
where Ly .= (I - Z(tl’tz))_l is the Leontief inverse matrix of 4.
Now, because i(fptz) is derived from the hypothetical input-output system

extracting (t,, t,) transaction, an element [i(tl t) — I] represents the total amount of
’ S1Sk

impact propagations from s, to s; which do not pass through the transaction (¢, t,); i.e.,
the case of r = 0.

For r > 1, by contrast, A, ;, appears exactly r times in the matrix multiplication

of [(i(tl,tz)Atltz)r i(fl,tz)]slsk. This is equivalent to saying that the input coefficient a .,
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which corresponds to the target transaction (t;, t,), appears r times in each (s, s;) path

— r— . . T
under [(L(t1,t2)At1t2) L(ti’tZ)]slsk’ given the properties of A, ¢,y and L ¢,)-

Accordingly, 6™ (s;,t;,t;,5,) as defined above presents the total amount of
impact propagations from s, to s; such that transaction (t;,t,) appears exactly r times,
for both cases of r = 0 and r > 1; see Appendix Cfor the calculation result of a case study

on China’s ICT/electronics industry.

4. Analytical example (Japan and China)

In this section, we present two analytical examples, on Japan and China, using
the preliminary data of the forthcoming Inter-Country Input-Output Tables, the 2021
release, constructed by the Organisation for Economic Co-operation and Development
(OECD). The database is chosen because of its high degree of harmonization and
consistency among the constituent national input-output tables, which are sourced only
from the official statistics of individual countries. The latest version, to be published in
2021, is based on 36 industries (concordant with ISIC Rev.4), covering 67 countries/
regions for the years from 1995 to 2018, allowing comprehensive time and geographical
coverage for GVC analyses; see Appendix D for the description of the data, industrial

sector classification and countries of reference.

[Japan]

Japan is well-recognized as a country prone for natural hazards. Earthquake in
Japan accounts for 17.9% of all cases (larger than magnitude 6.0) reported all over the
world during 2011-2020, even though its national territory occupies less than 1% of the
total land area on the globe (River Databook, 2021).

In particular, the Great East Japan Earthquake in 2011 caused unprecedented
economic and social damages to the country, exacerbated by the multiple chained
disasters of tsunami as well as the breakdown of nuclear power stations. Not to mention
the tragic loss of human lives, the disaster’s economic impact on global supply chains
has equally gathered world-wide attention. For example, the devastating physical
damage on local factories of Renesas Electronics, a car parts supplier, led to a critical
shortage of micro-computers for cars and abruptly disactivated production lines of the

automotive industries, both in Japan and foreign countries alike.
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It is not only about the scale but also the scope of natural disasters that reveals
Japan’s vulnerable position: earthquake, tsunami, volcanic eruption, typhoon, flood,
rainfall and snow damages ..., caused by a very complex interaction of geophysical and
meteorological conditions that the country rests on. Accordingly, we chose Japan as one

of the target regions for the supply chain risk analysis.

[China]

Mounting geopolitical tension between the United States and China adds
another aspect to supply chain risks. China has achieved remarkable economic growth
in the last few decades and became a global manufacturing center, dubbed as “the
Factory of the World”. Its economic influence was vividly demonstrated by a bitter
experience in the wake of the Covid-19 outbreak when production activities in many
countries came to a halt as parts supplies from the country were suddenly suspended.

In the post-pandemic world, the US-China confrontation is considered to
escalate, and government intervention into business activities is likely to be modus
operandi in China, as precedented in the form of export controls on key strategic
materials or forced technological transfers from foreign affiliates operating within the
country. Global firms should be well prepared for its geopolitical implication on their
supply chain management.

Table 1 juxtaposes metrics of the PTF and Trade in Value-Added (TiVA: see
below) for 50 cross-border supply chains ranked by the PTF index, with Japan and China
(inclusive of “Hong Kong, China”) being set as a target region, respectively.6

The PTF index is derived from the elements in the aggregate PTF matrix,
benchmarked against the sample average. The aggregate matrix is a linear sum of 36
PTF matrices, each of which is individually calculated for one of 36 sectors in
Japan/China, using a multi-country input-output table. The index therefore indicates
how frequent the corresponding supply chains may engage with any of the 36 industrial

sectors located in the target region.

6 Here in this table, we only consider the supply chains that do not have a target region at either
terminal point of a path, in order to highlight the region’s position as an indirect influencer of supply
chains. Also, the supply chains carrying less than 500 million USD of value-added have been truncated
from the sample set.
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Table 1: Top 50 PTF index ranking of individual cross-border supply chains: 2018

[1-a: target region = Japanl]

[1-b: target region = Chinal

Final product | Value-added | . PTF TI\_/A__IJ Final product | Value-added | . PTF TI\_/A,_”
Rank oroducer (j) | source (i) index [ (million Rank oroducer (j) | source (i) index | (million
Japan UsD) China uUsD)

1 |CHN_41T43 [MYS_05T06 1.37 640 1 |USA_41T43 |KOR_26 5.65 516
2 |CHN_27 AUS_05T06 1.26 523 2 |USA_29 TWN_26 5.58 572
3 |CHN_28 AUS_05T06 1.18| 1,027 3 |USA_84 TWN_26 5.34 685
4 |CHN_41T43 |AUS_05T06 1.13| 2,440 4 |USA_84 KOR_26 5.00 910
5 |KOR_41T43 |AUS_05T06 0.92 698 5 |USA_29 KOR_26 4.74 842
6 |CHN_41T43 |IDN_05T06 0.73| 1,145 6 |MEX_26 TWN_26 4.42 590
7 |CHN_26 USA_69T82 0.52| 1,423 7 |USA_29 SAU_05T06 3.28 640
8 |CHN_28 RUS_05T06 0.52 847 8 |MEX_26 KOR_26 3.11| 1,037
9 |CHN_26 USA_64T66 0.51 577 9 |IND_41T43 AUS_07T08 2.27 708
10 |KOR_41T43 |AUS_07T08 0.49 618 10 [TWN_26 KOR_26 2.12 664
11 |IND_41T743 AUS_07T08 0.47 708 11 |KOR_41T43 |AUS_07T08 1.88 618
12 |CHN_26 AUS_07T08 0.47| 1,143 12 |KOR_26 TWN_26 1.63 940
13 |KOR_41T43 RUS_05T06 0.45 542 13 |USA_84 JPN_45T47 1.60 855
14 |CHN_27 USA_69T82 0.43 735 14 |MYS_26 TWN_26 1.53 620
15 |CHN_41T43 IDN_45T47 0.42 652 15 |USA_84 RUS_05T06 1.45 507
16 |CHN_41T43 |SGP_45T47 0.40 852 16 |USA_29 KOR_45T47 1.37 539
17 |CHN_28 USA_69T82 0.40[ 1,335 17 |USA_41T43 |SAU_05T06 1.26| 2,156
18 |CHN_29 CHL_07T08 0.38| 561 18 |USA 86T88 |IPN_45T47 1.26] 547
19 |CHN_26 SGP_45T47 0.38 538 19 |CAN_41T43 |SAU_05T06 1.20 550
20 |CHN_41T43 [RUS_05T06 0.37| 2,936 20 |USA_45T47 |SAU_05T06 1.14 739
21 |IND_41T43 AUS_05T06 0.37| 1,525 21 |USA_41T43  |JPN_45T47 1.12| 1,309
22 |CHN_29 USA_69T82 0.37 968 22 |IND_41T43 JPN_45T47 1.11 595
23 |USA_84 RUS_05T06 0.36 507 23 |KOR_41T43 |RUS_05T06 0.93 542
24 |CHN_41T43 |CAN_07T08 0.34 778 24 |USA_86T88 |SAU_05T06 0.91| 1,253
25 |CHN_28 USA_64T66 0.33 679 25 |VNM_26 KOR_26 0.89 849
26 |CHN_20T21 |USA_69T82 0.33 514 26 |MEX_26 USA_69T82 0.89 571
27 |CHN_28 USA_20T21 0.33 533 27 |USA_29 JPN_69T82 0.86 520
28 |CHN_41T43 |CHL_07T08 0.32| 2,305 28 |USA_29 JPN_45T47 0.85| 1,657
29 |CHN_26 USA_49T53 0.32 532 29 |JPN_41T43 AUS_07T08 0.85 938
30 |CHN_41T43 |USA_69T82 0.31| 3,820 30 |IDN_41T43 SAU_05T06 0.84| 1,178
31 |USA_29 CHN_13T15 0.31 839 31 |IND_29 SAU_05T06 0.83 572
32 |CHN_41T43 |[GBR_69T82 0.30 715 32 |JPN_28 AUS_07T08 0.82 509
33 |CHN_41T743 AUS_45T47 0.30f 1,542 33 |KOR_26 USA_26 0.80 511
34 |CHN_41T43 [USA_05T06 0.29 709 34 |MEX_29 JPN_A45T47 0.74 647
35 |KOR_29 USA_69T82 0.29 508 35 |USA_90T96 |SAU_05T06 0.72 582
36 |CHN_28 AUS_45T47 0.28 744 36 |KOR_29 SAU_05T06 0.70 734
37 |CHN_41T43 [AUS_69T82 0.28 918 37 |KOR_28 SAU_05T06 0.69 540
38 |CHN_41T143 USA_20T721 0.27| 1,567 38 |KOR_41T43 USA_45T47 0.66 852
39 |CHN_28 CHL_07T08 0.27| 1,452 39 |TWN_26 JPN_45T47 0.64 559
40 |CHN_26 USA_45T47 0.27| 2,112 40 |IND_41T43 USA_45T47 0.64| 1,109
41 |TWN_26 CHN_45747 0.26 511 41 |FRA_41T743 SAU_05T06 0.64 773
42 |IND_41T43 CHL_07T08 0.26 778 42 |USA_10T12 |SAU_05T06 0.63 790
43 |CHN_41T43 [USA_64T66 0.26| 1,962 43 |USA_84 JPN_69T782 0.63 708
44 |IDN_41T43 MYS_05T06 0.26 567 44 |IND_13T15 SAU_05T06 0.62 604
45 |CHN_10T12 |RUS_05T06 0.25 530 45 |USA_41T43  |JIPN_69T82 0.62 728
46 |CHN_41T43 [AUS_35T39 0.25| 507 46 |TWN_26 SAU_05T06 0.61] 734
47 |USA_41T43 |CHN_13T15 0.25 722 47 |JPN_41T43 RUS_05T06 0.60 687
48 |CHN_20T21 |RUS_05T06 0.25 618 48 |USA_41T43 |DEU_45T47 0.60 619
49 |CHN_49T53 |RUS_05T06 0.25 560 49 |IDN_41T43 JPN_A45T47 0.59 720
50 |[CHN_27 USA_45T47 0.25| 1,016 50 |[IND_41T43 SAU_05T06 0.57| 2,764

14

Source: Calculated by the authors




By contrast, TiVA metric presents the amounts and sources of value-added
embodied in final products, which are consumed in various locations in the world through
international trade. In a matrix form based on a multi-country input-output table, it
maps out flows of value-added, both within and across the borders, as formulated as YLy
where D is a diagonal matrix of value-added coefficients (the amount of value-added
generated by a unit production), L is a multi-country Leontief inverse matrix, and y is a
diagonal matrix of final demands with a country dimension.

The shaded entry in Table 1-b, for example, shows that the US car supply chain
(USA_29) engages with industrial sectors of China in the frequency of 5.58 times higher
than the average, in order to source 572 million USD of value-added from the
ICT/electronics equipment industry of Chinese Taipei (TWN_26). Likewise, just below
the shaded entry, it may deserve a sharp attention of the US policy makers that “Public
administration and defence; compulsory social security” of the United States (USA_84),
the-sector-in-charge for the US national security, exhibits high presence of China’s
industrial sectors in its supply chains for sourcing value-added from the ICT/electronics

equipment sectors of Chinese Taipei and Korea (TWN_26, KOR_26).

Figure 1 presents relative risk positions of GVC-oriented manufacturing sectors
in selected industrialized economies. The horizontal axis gives the share of value-added
sourced from the target region, calculated from the corresponding subset of elements in
DL from the TiVA matrix, while the vertical axis is the industry’s total PTF for all
branches of its supply chains, given by the column sums of the aggregate PTF matrix,
and indexed against the sample average.” Dotted lines indicate simple regressions.

From the perspective of final product producers, TiVA presents how much value
of their products is attributable to the value-added origin of which country, showing the
ultimate form of supply chain dependence in volume term. Therefore, the diagram
depicts the nature of supply chain concentration/dependence of each country-sector pair

along the volume and frequency dimensions.

7 Note that, unlike Table 1, the selected supply chains here include those which have a target sector at
an end point of a path.
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Figure 1 Relative risk positions of GVC-oriented manufacturing sectors: 2018
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Source: Drawn by the authors.

The key findings are as follows.

- By comparing the two panels, the data is more dispersed for China’s case [1-
bl, especially towards the top-right corner of the diagram. This shows that the supply
chains of the selected economies are generally more concentrated in China than in Japan,
but also the variation therein is larger among individual economies and industries.

- For Japan’s case [1-al, the industries of Chinese Taipei stand out for being
dependent on the country, especially with regard to the shares of value-added origins.

- China’s case reveals that the nature of concentration risks differs between
advanced economies (Germany, Japan, the United States) and emerging economies
(Korea, Chinese Taipei). The industrial sectors of the former group tend to be clustered
in the area above the regression line (volume < frequency), while those of the latter group

are mostly found below the line (volume > frequency), except for the ICT/electronics
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equipment sectors of Korea and Chinese Taipei (KOR_26, TWN_26). Namely, the
advanced economies are more prone for facing the concentration risks in terms of
frequency rather than volume.

The last observation can be explained by two simple factors. First, because
domestic markets and industrial base of advanced economies are sufficiently large, the
share of foreign value-added in their production activities tends to be small. Second,
advanced economies accommodate many global firms that organize long and
sophisticated supply chains with substantial foreign exposure, which is considered to
increase their engagement frequency with the target region.8

- Focusing on the ICT/electronics equipment industry, which is now widely
recognized as a strategic sector in the domain of national security, the supply chains of
Korea and Chinese Taipei (KOR_26, TWN_26) are most exposed to the concentration
risks in China, both in terms of volume and frequency. The various diplomatic efforts by
the US government to “de-couple” the ICT supply chains away from China’s influence
reflect its bare recognition of such risks through the lens of real-world geopolitics.?

The US supply chains of the ICT/electronics equipment industry (USA_26)
presents an interesting case, which is positioned at the top-left corner of the diagram.
The low concentration of its value-added origin in China may be straightforward
reflection of the sheer size of the US economy, as well as a classic offshoring practice that
only low value-added segments of supply chains are transferred abroad. By contrast, the
high positioning along the vertical axis indicates the frequent exposure of its supply
chains to the production networks within China’s geographic territory, raising the
likelihood of getting caught by (natural or human-driven) contingencies in the country.

In general, the two metrics of geographic concentration in volume term and
frequency term seem to be positively correlated. However, the above case of the US
ICT/electronics sector vis-a-vis China suggests that only looking at the volume side may

lead to significant underestimation of the overall risk in supply chain management.

8 See, however, the point raised in Section 5, (3).

9 In 2020, the US government successfully persuaded TSMC, the world’s dominant foundry of
semiconductors from Chinese Taipei, to build a plant in the State of Arizona, while keeping the company
away from its bilateral transaction with Huawei, a major Chinese mobile phone manufacturer.
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5. Some extensions

The current research can be developed and extended in several directions. What
follows is not an exhaustive list of ideas but intended to give an insight for its application

possibility in the areas of high policy relevance.

(1) “Choke point map”

In Table 1, we presented a pair of PTF index and TiVA for respective supply
chain, setting Japan and China as target regions. By doing the same calculation for all
other countries covered in the multi-country input-output table, it is possible to identify
a choke point for each supply chain by cross-country comparison of the PTF/TiVA values.
Such a “choke point map” can be drawn in much higher resolution if the PTF is referred
to in individual target-sector matrices rather than the aggregate matrix, which enables

us to define a choke point at the country-sectoral level.

(2) Subregional analyses

Natural hazards are generally associated with a specific area/subregion of a
country. More detailed and accurate risk analyses will be possible if we use the
information of input-output table at the sub-national level. Several efforts have been
made in the past to construct multi-country input-output tables with subregional
extensions. For example, Inomata and Meng (2013) introduce the 7ransnational
Interregional Input-Output Table for China, Japan, and Korea, constructed by the
Institute of Developing Economies, JETRO, which links the interregional input-output
tables of respective countries into a single matrix to account for regional heterogeneity
within a country in a multi-country framework. The table allows for disaster impact
analyses across the borders on a region-to-region basis—for example, between Tohoku in
Japan and Huanan in China. See also Cherubini and Los (2013) for Italy, Dietzenbacher,
et al. (2013) for Brazil, and Meng, et al. (2013) for China, which embed the respective
country’s interregional input-output table in the European Commission—funded World
Input-Output Database (Timmer et al. 2015).

(3) Supply chain lengths and risk exposure

Against the backdrop of the pandemic and geopolitical tensions, there is an
increasing concern that a long cross-border supply chains may translate into high
exposure to foreign disturbances, calling for withdrawal and internalization of supply

chains by facilitating reshoring of production activities. However, this is a conjecture
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that should be empirically tested. A metric of supply chain lengths, notably Average
Propagation Lengths developed by Dietzenbacher et al. (2005), and the PTF can be
compared for cross-border supply chains to see if there is a significant correlation

between the two; see Footnote 4.

6. Conclusion

In this paper we presented and analyzed new referential statistics for risk
assessment on geographical concentration of global supply chains. The study’s net
contribution rests on the development of a metric which indicates geographical
concentration in terms of the frequency of supply chain engagement with the regions of
analytical concerns, alongside the traditional approach based on volume measures of
value-added concentration.

Japan, a country with a high propensity to encounter natural hazards, and China,
under a mounting geopolitical tension with the United States, were chosen as target
regions for the risk assessment. The analysis followed a line of techniques in input-
output economics known as the “key sector analysis”, yet with methodological
augmentation by a compatible analytical framework in the network theory. Using the
latest set of multi-country input-output tables constructed by the OECD, the following
findings were presented.

The supply chains of the selected industrialized economies are generally more
concentrated in China than in Japan. The study on China as a target region reveals that
the nature of concentration risks differs between advanced economies and emerging
economies, such that the former is more prone for facing frequency risks than volume
risks, while the opposite is observed for the latter. For Japan as a target region, the
industries of Chinese Taipei stand out for being dependent on the country, especially
with regard to the shares of value-added origins.

Focusing on the ICT/electronics equipment industry, the supply chains of Korea
and Chinese Taipei are most exposed to the concentration risks in China, both in volume
and frequency terms. By contrast, the US supply chains presents an interesting case;
the low concentration of its value-added origin in China may be straightforward
reflection of the sheer size of the US economy, while its high pass-through frequency
indicates its frequent exposure to China’s geographic territory, raising the likelihood of

getting caught by (natural or human-driven) contingencies in the country.
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In general, the two metrics of geographic concentration in volume term and
frequency term are positively correlated. However, the above US case suggests that only
looking at the volume side may lead to significant underestimation of the overall risk in

supply chain management.
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Appendix A: Multiple-counting of the Structural Betweenness Centrality

Consider three-stage paths (I + m = 3) for a three-sector input-output system
(s1,55,53). The total impact of unit production from sector s; to sector s; is calculated by:
(A4%)13

=a;,a,,a;3 (Path 1! 3—»1-1-1)
+ay,a,,a,3 (Path 20 3—51-2-1)
+ a,3a3,a,3 (Path 3: 3—51—-3—1)
+a;,a,,a,; (Path 48 352—-1-1)
+ a;,05,0,3 (Path 50 3—2—2-1)
+ a,303,a,3; (Path 6: 352—3—1)
+ a;,a43a33 (Path 70 3—3—1—-1)
+ a;,053a33 (Path 8 3—3—2-1)

+ a,3033a33 (Path 90 3—53—-3—1)

Let us take s, as the target sector. Among the nine paths above, we only have
to consider those that go through s, in order to calculate the Structural Betweenness
Centrality, as short-listed in Figure A.10 The table underneath shows the decomposition
of a respective impact propagation into downstream sequence (DS) and upstream
sequence (US). Note that Path 5 yields two different DS/US pairs, each corresponding to

a different border anchored by s,.

Figure A: Impact propagation through s,

p2: 3—1-2—1 p4: 3—2—-1-1 pb: 3—2—2—1 p6: 3—2—3—1 p8: 3—3—2—1

/ /2\ 2 2'\\ :
i—3 GJ 3 1 3 1——'3 1/\@
DS 3=1-2 352 352 352 35352

Us 21 PR 9001 931 21
DS 35202

Us 91

10 The reason is as follows. By referring back to Equation (10), it is seen that if a path does not go
through the target sector t, c() is zero (0) by definition, and hence the value for the corresponding path
also becomes zero.
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Now, Equation (9) can be expanded as follows.
L-DJp-Dy

=A'+ A2+ A3+ )@ + A2+ A3+ )y
A+ A%+ A3 ]+ YA + A2+ A3+ )y
(AYJpA' + A% J nA' + A3 J AT + -

+ A JnA? + A% ] pA? + A3 ] n A% + -

+ A JpA3 + A% Jp A3 + A3 J A3 + )y

It can be seen that the impact a;,a,,a,5y; along Path 5, “3—2—52—-17, is
captured by the term A%J)A' y when taking the first emergence of s, as a DS/US border,
and it is also counted in A'J (t)Az y when taking the second s, as a border; that is, the
equation double-counts the same amount of impacts when the target sector appears
twice. Such multiple-counting applies to any combination of downstream/upstream

sequences for any higher order propagation.

Appendix B: Pass-through Frequency for a transaction

Multiple-counting of the identical amounts of impacts in accordance with the

emergence of (t;,t,) transaction is formulated as

[at1 tz L](fptz)l’] S48k

(o)
= Cleyty) " Asysy T zk—g Z ( Clertz) * sysy Aspsy Asgsy ask—15k)

52,..,5k—1
.. (B-D
where ¢ .y is the number of times that the transaction (t;,t,) appears in a particular
backward linkage path. Note that the first term of Equation (B-1) corresponds to a
linkage path s, — s; of length 1, while the second term is for the paths with a length of

more than 2. For the first term, if s; = t; and s = t, ¢, 1)) " A5, = Geye,; Otherwise,

Cityt,) * Asys, = 0. Then, the PTF for transaction (t,t;) can be formulated as:

[afﬂzl'](fptz)l’ ]
f(fpfz) = [L _ I]

S15k

S1Sk S1Sk

_ Cltyty) * Asysi + ZZO=3 z:52,...,5k—1( Cltyty) " Asys, Asysy Asys, ask—15k)
[L—1]

(fat2) [L - I]slsk k=3

S15k

c . a5152 a5253 a5354 ask—15k
(t2.62) [L - I]slsk

52,..,5k—1

... (B-2)
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By analogy to the sectoral model, the transactional PTF is equivalent to a
weighted average of ¢ ..y, an integer indicating the number of times that the target
transaction (¢;,t,) appears in a particular (s, s;) path, using impact shares as weights.

Further to this, let 0™ (sy,t;,t,, ;) be the total amount of impact propagations
from s;, to s; such that transaction (¢, t,) appears in (s, s;) path exactlyr times. Then,
we have

(o)
Cltyty) * Asysp T zk—g Z ( Clerty) * sysy Aspsy Asgsy ask—15k)

52,..,5k—1

[ee]
= Z r-0M (s, ty,t,5) .
r=0

and

[L - I]Slsk = Z O—(T)(51’ tll tZISk) .
r=

Accordingly, Equation (B-2) can be reformulated as:

Y2 1 0M(sy,ty, ty Sk) o o™ (sy,t1, ts, k)
f(tPtZ)Sis" - Y00 M (51, ty, t, Si) - ZT=0 " Y00 M (s, by, ty,8)

... (B-3)
which makes it easier to see that the PTF is indeed equivalent to a weighted average of

r by impact shares from s, to s, for particular values of r.

Appendix C: Impact decomposition by target transaction emergence: a case study on

China’s “Computer, electronic and optical equipment” sector (CHN_26 x CHN_26)

Using the transactional PTF model and the preliminary data of the OECD’s
Inter-Country Input-Output Table (the 2021 release), Figure C and Table C present the
result of impact decomposition by the number of times that a target transaction appears
on a supply chain. We chose the intra-sectoral transaction of China’s “Computer,
electronic and optical equipment (26)” sector <CHN_26 x CHN_26> as the target
transaction, and considered six supply chains connecting a final product producer of the
“Motor vehicles, trailers and semi-trailers (29)” sector in Germany, Japan and the United
States, on one hand, and a value-added source in the “Computer, electronic and optical

equipment (26)” sector of Korea and Chinese Taipei, on the other.
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Figure C. Decomposition of delivered impacts with respect to the number of times that

the target transaction appears along the selected supply chains: 2018
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Table C. The share of delivered impacts with respect to the number of times that the

target transaction appears along the selected supply chains: 2018

Germany Germany Japan Japan USA USA
No. of target| (automobile) | (automobile) | (automobile) | (automobile) | (automobile) | (automobile)
transaction N2 N% J N% N2 N%
emergence Korea Ch.Taipei Korea Ch.Taipei Korea Ch.Taipei
(ICT equip.) | (ICT equip.) | (ICT equip.) | (ICT equip.) | (ICT equip.) | (ICT equip.)
0 92.95% 91.27% 95.25% 94.09% 91.54% 89.87%
1 4.74% 5.86% 3.19% 3.97% 5.69% 6.80%
2 1.56% 1.92% 1.05% 1.30% 1.87% 2.23%
3 0.51% 0.63% 0.34% 0.43% 0.61% 0.73%
4 0.17% 0.21% 0.11% 0.14% 0.20% 0.24%
5 0.05% 0.07% 0.04% 0.05% 0.07% 0.08%
6 0.02% 0.02% 0.01% 0.02% 0.02% 0.03%
7 0.01% 0.01% 0.00% 0.00% 0.01% 0.01%
8 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
9 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
>=10 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Total 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

Source: Calculated and drawn by the authors.
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Appendix D: Multi-country input-output tables

A multi-country input-output table brings together national tables of different
countries into a single framework, and thus have the same basic structure of a national
input-output table. The rows of the table show supply sectors of products, and the
columns represent demand sectors for products, and an intersection of a row and a
column indicates the value of transaction exchanged between these two sectors. The
distinctive feature of multi-country tables, however, is that they explicitly present

international transactions in the form of import/export matrices by trading partners,

which allows for a comprehensive mapping of global production networks.

Figure D gives a schematic presentation of the table for a simplified example of

three sectors (Agriculture, Manufacturing, Service) and three countries (China, The

United States, Rest of the World).

Figure D: Multi-country input-output table (3 sectors / 3 countries)
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Source: drawn by the authors.
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In the column-wise direction, entries in the table indicate input compositions of
industrial sectors of a respective country. Entries in ZCC, for example, shows the input
composition of China’s industries for domestically produced goods and services, i.e.,
domestic transactions of China. Those in ZUC by contrast show the input composition of
China’s industries for imported products from the United States. The entries in ZWC
allow the same interpretation vis-a-vis China’s imports from the Rest of the World; i.e.,
all other countries in the world except China and the United States.

Turning to the 10tk and 11tk columns from the left, they present China’s final
demands for goods and services. For example, YCC, YUC and YWC map China’s final
demands for domestic products, for imports from the United States, and for imports from
the Rest of the World, respectively. Other columns are read in the same manner.

Vs and Xs are value added and total output, as seen in the conventional national

input-output table.

The multi-country input-output system shown in Figure D can be presented in

a matrix form as follows:

xf aff ais ais  aif aff aff  afl’ aflf afy’ \ /xf ¥
x§ asi as5 a5 aff af) afy  afl afy afy || xf s
x5 asf a§f a$s  a§f af) afy a§l afy afy |f xf i
xy aft aff aiy @il aff aly  af a’ ad || xf i
x=|xj [=]| aff aF aF @i afy a3 ad’ @il a3’ || X [+]yi”
xy aff aff aff il af a3y afl ) a3y || XY 3
xy aft’ afft aff aff’ ay’ o af" afy’ oV || X" 2
xy ay® aff alf afl’ ay’ oy’ al el oV |\ Xy y2"
xy’ afi® aff aff afV aff af’ ¥ oV o/ ys'"
= Ax+y

where superscripts refer to countries such that C: China, U: the United States, W: Rest
of the World, and subscripts indicate industrial sectors such that 1: Agriculture, 2:

Manufacturing, 3: Services.
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<The OECD Inter-Country Input-Output Table, the 2021 release>

[Industrial sector classification]

Code Description

01T03 Agriculture, forestry and fishing

05T06 Mining and extraction of energy producing products
07T08 Mining and quarrying of non-energy producing products
09 Mining support service activities

10T12 Food products, beverages and tobacco

13T15 Textiles, wearing apparel, leather and related products

16 Wood and products of wood and cork
17718 Paper products and printing

19 Coke and refined petroleum products
20T21 Chemicals and pharmaceutical products
22 Rubber and plastic products

23 Other non-metallic mineral products

24 Basic metals

25 Fabricated metal products

26 Computer, electronic and optical products
27 Electrical equipment

28 Machinery and equipment, nec

29 Motor vehicles, trailers and semi-trailers
30 Other transport equipment

31T33 Other manufacturing; repair and installation of machinery and equipment
35T39 Electricity, gas, water supply, sewerage, waste and remediation services
41T43 Construction

45T47 Wholesale and retalil trade; repair of motor vehicles

49753 Transportation and storage

55T56 Accommodation and food services

58T60 Publishing, audiovisual and broadcasting activities

61 Telecommunications

62763 IT and other information services

64T66 Financial and insurance activities

68 Real estate activities

69782 Other business sector services

84 Public admin. and defence; compulsory social security
85 Education

86T88 Human health and social work
90T96 Arts, entertainment, recreation and other service activities
97798 Private households with employed persons

Source: The OECD Inter-Country Input-Output Database, the 2021 release.
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[Countries of reference]

Code  Country (OECD members) Code Country

AUS Australia ARG Argentina

AUT Austria BRA Brazil

BEL Belgium BRN Brunei Darussalam
CAN Canada BGR Bulgaria

CHL Chile KHM Cambodia

COL Colombia CHN China (People's Republic of)
CZE Czech Republic CRI Costa Rica

DNK Denmark HRV Croatia

EST Estonia CYP Cyprus

FIN Finland IND India

FRA France IDN Indonesia

DEU Germany HKG Hong Kong, China
GRC Greece KAZ Kazakhstan

HUN Hungary LAO Lao People’s Democratic Rep.
ISL Iceland MYS Malaysia

IRL Ireland MLT Malta

ISR Israel MAR Morocco

ITA Italy MMR Myanmar

JPN Japan PER Peru

KOR Korea PHL Philippines

LVA Latvia ROU Romania

LTU Lithuania RUS Russian Federation
LUX Luxembourg SAU Saudi Arabia

MEX Mexico SGP Singapore

NLD Netherlands ZAF South Africa

NZL New Zealand TWN Chinese Taipei
NOR Norway THA Thailand

POL Poland TUN Tunisia

PRT Portugal VNM Viet Nam

SVK Slovak Republic ROW Rest of the World
SVN Slovenia

ESP Spain

SWE Sweden

CHE Switzerland

TUR Turkey

GBR United Kingdom

USA United States

Source: The OECD Inter-Country Input-Output Database, the 2021 release.
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