
Hagino, Satoru; Kim, Jiyoung

Article

The usefulness of extended input-output tables
incorporating firm heterogeneity

Journal of Economic Structures

Provided in Cooperation with:
Pan-Pacific Association of Input-Output Studies (PAPAIOS)

Suggested Citation: Hagino, Satoru; Kim, Jiyoung (2021) : The usefulness of extended
input-output tables incorporating firm heterogeneity, Journal of Economic Structures, ISSN
2193-2409, Springer, Heidelberg, Vol. 10, pp. 1-28,
https://doi.org/10.1186/s40008-021-00255-3

This Version is available at:
https://hdl.handle.net/10419/261625

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your
personal and scholarly purposes.

You are not to copy documents for public or commercial
purposes, to exhibit the documents publicly, to make them
publicly available on the internet, or to distribute or otherwise
use the documents in public.

If the documents have been made available under an Open
Content Licence (especially Creative Commons Licences), you
may exercise further usage rights as specified in the indicated
licence.

  https://creativecommons.org/licenses/by/4.0/

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1186/s40008-021-00255-3%0A
https://hdl.handle.net/10419/261625
https://creativecommons.org/licenses/by/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


The usefulness of extended input–output 
tables incorporating firm heterogeneity
Satoru Hagino1 and Jiyoung Kim2*  

1 Introduction
In recent years, international conferences on national accounts have proposed extending 
input–output tables (IOTs) and supply and use tables (SUTs) to incorporate firm het-
erogeneity, along with active discussions on potential approaches for doing so (OECD 
2014a, b, 2018). The Organisation for Economic Co-operation and Development 
(OECD) encourages the extension of IOTs or SUTs to improve the accuracy of its Trade 
in Value Added (TiVA) indicators by reflecting differences in the ratio of imported to 
total intermediate goods across heterogeneous firms in an industry.

For the calculation of TiVA, it is important to estimate the amount of imported inter-
mediate goods as accurately as possible, as this is essential for calculating foreign value 
added. In the OECD’s expert group on extended input–output tables (EIOTs) established 
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in 2014, experts from various countries have discussed which elements of firm heteroge-
neity should be incorporated in EIOTs (Johnson and Noguera 2012; Ito et al. 2017). Thus 
far, the OECD has proposed assessing heterogeneity between exporters and non-export-
ers, domestically and foreign-owned, and large and small firms, in addition to firms with 
and without foreign subsidiaries (OECD 2015), as presented in Table 1.

In this context, this study considers the kind of firm heterogeneity that should be 
incorporated in Japan’s EIOT. The research then examines the usefulness of such exten-
sion by estimating the vertical specialization (VS) indicator of Japan, which corresponds 
to TiVA’s foreign value added included in Japan’s exports.

The remainder of this paper is organized into three  sections. Section  2 introduces 
methods, Subsection 3.1 discusses heterogeneity between exporters and non-exporters, 
and Subsection 3.2 that between large and small firms. Next, Subsection 3.3 focuses on 
domestically and foreign-owned firms, and Subsection 3.4 that firms with and without 
foreign subsidiaries. Subsection 3.5 describes the challenges of compiling Japan’s EIOT, 
after determining an element of firm heterogeneity that produces the largest gap of 
imported intermediate ratio for each industry. In Subsection 3.6, Japan’s VS indicators 
are calculated to examine the usefulness of the constructed EIOT. Section 4 concludes.

2  Methods
Using firm-level data from the Basic Survey of Japanese Business Structure and Activities 
(BSBSA) conducted by Japan’s Ministry of Economy, Trade and Industry (METI), Hag-
ino (2017) found the ratio of imported intermediates to output to be about 10% higher 
for exporters than non-exporters. To calculate the ratio, the author defined exporters as 
firms with non-zero exports. In contrast, studies for other countries often define export-
ers as firms that export at least 10% of their total sales. This research applied a different 
approach from Hagino’s (2017), identifying exporters in terms of their export ratio (i.e., 
export/sales) in 10 percentage point increments, calculating the differences in interme-
diate import ratios between exporters and non-exporters.

The weight of distinctions between large and small firms and between exporters and 
non-exporters is assessed to determine differences in intermediate import ratios, using 
the firm-level data of the BSBSA. Two different methods are used to distinguish small 
and large firms. The first follows the Small and Medium-Sized Enterprise Act, which 
defines large firms as those with paid-in capital of more than 300 million yen. The sec-
ond follows the Financial Statement Statistics of Corporations by Industry (FSSCI) of 
the Ministry of Finance, which defines large firms as those with paid-in capital of 1 bil-
lion yen or more.

The usefulness in distinguishing between foreign- and domestically owned firms 
in Japan is then examined, as in many developing and emerging economies, as well as 
highly internationalized developed economies, foreign-owned firms have a significant 
role in international trade.

The share of exports and imports accounted for by Japanese firms with foreign sub-
sidiaries is also investigated. These shares for Japan are calculated from the BSBSA in 
comparison to corresponding shares for the U.K. and France from the OECD Trade by 
Enterprise Characteristics (TEC) database. Since the BSBSA does not cover very small 
firms, such firms are not included in this calculation; however, since very small firms 



Page 3 of 28Hagino and Kim  Journal of Economic Structures           (2021) 10:25  

Ta
bl

e 
1 

Fr
am

ew
or

k 
of

 e
xt

en
de

d 
in

pu
t–

ou
tp

ut
 ta

bl
e

Co
un

tr
y 

A
Co

un
tr

y 
B

In
du

st
ry

 1
In

du
st

ry
 2

In
du

st
ry

 3
In

du
st

ry
 1

In
du

st
ry

 2
In

du
st

ry
 3

Ex
po

rt
in

g
N

on
-

ex
po

rt
in

g
La

rg
e

Sm
al

l
W

ith
 fo

re
ig

n 
su

bs
id

ia
ri

es
W

ith
ou

t 
fo

re
ig

n 
su

bs
id

ia
ri

es

Ex
po

rt
in

g
N

on
-

ex
po

rt
in

g
La

rg
e

Sm
al

l
W

ith
 fo

re
ig

n 
su

bs
id

ia
ri

es
W

ith
ou

t 
fo

re
ig

n 
su

bs
id

ia
ri

es

Co
un

tr
y 

A
In

du
st

ry
 1

Ex
po

rt
in

g

N
on

-e
xp

or
tin

g

In
du

st
ry

 2
La

rg
e

Sm
al

l

In
du

st
ry

 3
W

ith
 fo

re
ig

n 
su

bs
id

ia
rie

s

W
ith

ou
t 

fo
re

ig
n 

su
bs

id
i-

ar
ie

s

Co
un

tr
y 

B
In

du
st

ry
 1

Ex
po

rt
in

g

N
on

-e
xp

or
tin

g

In
du

st
ry

 2
La

rg
e

Sm
al

l

In
du

st
ry

 3
W

ith
 fo

re
ig

n 
su

bs
id

ia
rie

s

W
ith

ou
t 

fo
re

ig
n 

su
bs

id
i-

ar
ie

s



Page 4 of 28Hagino and Kim  Journal of Economic Structures           (2021) 10:25 

Ta
bl

e 
1 

(c
on

tin
ue

d)

Co
un

tr
y 

A
Co

un
tr

y 
B

In
du

st
ry

 1
In

du
st

ry
 2

In
du

st
ry

 3
In

du
st

ry
 1

In
du

st
ry

 2
In

du
st

ry
 3

Ex
po

rt
in

g
N

on
-

ex
po

rt
in

g
La

rg
e

Sm
al

l
W

ith
 fo

re
ig

n 
su

bs
id

ia
ri

es
W

ith
ou

t 
fo

re
ig

n 
su

bs
id

ia
ri

es

Ex
po

rt
in

g
N

on
-

ex
po

rt
in

g
La

rg
e

Sm
al

l
W

ith
 fo

re
ig

n 
su

bs
id

ia
ri

es
W

ith
ou

t 
fo

re
ig

n 
su

bs
id

ia
ri

es

Co
un

tr
y 

C
In

du
st

ry
 1

Ex
po

rt
in

g

N
on

-e
xp

or
tin

g

In
du

st
ry

 2
La

rg
e

Sm
al

l

In
du

st
ry

 3
W

ith
 fo

re
ig

n 
su

bs
id

ia
rie

s

W
ith

ou
t 

fo
re

ig
n 

su
bs

id
i-

ar
ie

s

Va
lu

e 
ad

de
d

To
ta

l o
ut

pu
t

Co
un

tr
y 

C
Fi

na
l d

em
an

d

In
du

st
ry

 1
In

du
st

ry
 2

In
du

st
ry

 3
Co

un
tr

y 
A

Co
un

tr
y 

B
Co

un
tr

y 
C

Ex
po

rt
in

g
N

on
-e

xp
or

tin
g

La
rg

e
Sm

al
l

W
ith

 fo
re

ig
n 

su
bs

id
ia

ri
es

W
ith

ou
t 

fo
re

ig
n 

su
bs

id
ia

ri
es

Co
un

tr
y 

A
In

du
st

ry
 1

Ex
po

rt
in

g

N
on

-e
xp

or
tin

g

In
du

st
ry

 2
La

rg
e

Sm
al

l

In
du

st
ry

 3
W

ith
 fo

re
ig

n 
su

bs
id

ia
rie

s

W
ith

ou
t f

or
ei

gn
 s

ub
si

di
ar

ie
s



Page 5 of 28Hagino and Kim  Journal of Economic Structures           (2021) 10:25  

So
ur

ce
: a

ut
ho

rs
’ d

es
ig

n 
ba

se
d 

on
 O

EC
D

 (2
01

5)

Co
un

tr
y 

C
Fi

na
l d

em
an

d

In
du

st
ry

 1
In

du
st

ry
 2

In
du

st
ry

 3
Co

un
tr

y 
A

Co
un

tr
y 

B
Co

un
tr

y 
C

Ex
po

rt
in

g
N

on
-e

xp
or

tin
g

La
rg

e
Sm

al
l

W
ith

 fo
re

ig
n 

su
bs

id
ia

ri
es

W
ith

ou
t 

fo
re

ig
n 

su
bs

id
ia

ri
es

Co
un

tr
y 

B
In

du
st

ry
 1

Ex
po

rt
in

g

N
on

-e
xp

or
tin

g

In
du

st
ry

 2
La

rg
e

Sm
al

l

In
du

st
ry

 3
W

ith
 fo

re
ig

n 
su

bs
id

ia
rie

s

W
ith

ou
t f

or
ei

gn
 s

ub
si

di
ar

ie
s

Co
un

tr
y 

C
In

du
st

ry
 1

Ex
po

rt
in

g

N
on

-e
xp

or
tin

g

In
du

st
ry

 2
La

rg
e

Sm
al

l

In
du

st
ry

 3
W

ith
 fo

re
ig

n 
su

bs
id

ia
rie

s

W
ith

ou
t f

or
ei

gn
 s

ub
si

di
ar

ie
s

Va
lu

e 
ad

de
d

 To
ta

l o
ut

pu
t

Ta
bl

e 
1 

(c
on

tin
ue

d)



Page 6 of 28Hagino and Kim  Journal of Economic Structures           (2021) 10:25 

are generally unlikely to have foreign subsidiaries, this is not considered to materially 
affect the results. The U.S. Bureau of Economic Analysis developed an EIOT incorporat-
ing heterogeneity between firms with and without foreign subsidiaries, since many U.S. 
firms with foreign subsidiaries import intermediate goods from subsidiaries and such 
firms have an important role in international trade in general.

Based on above analyses, the EIOT developed for this research incorporates aspects 
of firm heterogeneity. As for the details of the compilation procedure, Japan’s IO table, 
which we will refer to as the Benchmark IO Table, is compiled every 5 years in joint work 
involving ten government ministries coordinated by the Ministry of Internal Affairs and 
Communications. The Benchmark IO Table is non-competitive and separates the import 
table from the domestic table. It is based on producer prices, which include subsidies 
and taxes, such as consumption taxes.

A domestic table is produced by deducting the import table from the transaction table 
of the Benchmark IO Table and converting 108 product/activity classifications into 
18 industry classifications for consistency with the TiVA classification (Table  2). This 
research focuses on the extension of intermediate input and demand using elements of 
firm heterogeneity to quantify the effectiveness of the extension; thus, final demand and 
value added are not separated.

Extending the Benchmark IO Table to incorporate firm heterogeneity requires separat-
ing the total output based on the type of firm heterogeneity considered for each industry. 
To do so, firm-level data from the BSBSA are used and calculate the weights, for which 
output shares are used. An extended import table is then constructed by incorporating 
the differences in intermediate import ratios.

Finally, the usefulness of the EIOT is examined by comparing VS indicators based on 
the EIOT with that of the non-extended Benchmark IOT. For this purpose, VS coef-
ficients are calculated by multiplying the import coefficient matrix using the Leontief 
inverse matrix. The coefficients for each industry are then aggregated, referring to the 
aggregated figure as each industry’s total VS coefficient. Industries’ total VS is then cal-
culated by multiplying the industry total VS coefficient by the number of exports. After 
aggregating each industry’s VS amount, the VS indicator is calculated by dividing the 
aggregate VS amount by total exports. Finally, two different VS indicators are calculated 
based on the extended and non-extended IOTs.

The roots of the development of TiVA indicators can be traced back to the estimation 
of VS indicators (Hummels et  al. 2001), which are calculated as the ratio of imported 
intermediate goods included in exports and are estimated using OECD IOTs. The VS 
indicator corresponds to foreign value added included in exports in the TiVA.

VS indicators can be estimated using one country’s IOT. Defining  VSId as the direct 
imports deriving from exports, X as the n× 1 vector of exports of each industry, Xt as a 
scalar of total exports of a country, Am as the n× n imported input coefficient matrix, U 
as a 1× n vector of 1s used for aggregating industries, and n as the number of industries, 
 VSId is given by:

However, imports may indirectly derive from exports. For example, automobile manu-
facturers may import chassis to export cars, or may alternatively purchase chassis from 

(1)VSId = U × A
m
× X × X

−1

t .
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domestic manufacturers, who may import intermediate goods for chassis. Therefore, VS 
indicators should cover all imports deriving from exports, including imports through 
increases in domestic demand spurred by exports. Domestic demand deriving from 
exports can be calculated using the Leontief inverse matrix. Defining Ad as the n× n 
input coefficient of domestic transactions matrix and (I − Ad)

−1 as the Leontief inverse 
matrix, VSI , which covers both direct and indirect imports from exports, is given by:

3  Results and discussion
3.1  Heterogeneity between exporting and non-exporting firms

The results of calculating the differences in intermediate import ratios between export-
ers and non-exporters are presented in Table 3.

The results indicate that, in the processing and assembly industries, the more a firm 
exports, the more it tends to import. In the electronic and optical equipment industry, 
the difference in the intermediate import ratio between exporters and non-exporters in 
2011 was largest when focusing on exporters with an export ratio of 90%, while in 2015, 
it was largest for those with an export ratio of 50%. In the transport equipment industry, 
the difference in both years is largest for exporters with an export ratio of 100%. In the 
machinery equipment industry, the difference in the intermediate import ratio between 
exporters and non-exporters remains relatively stable as the export ratio increases. In 
contrast, no clear pattern between the export ratio and the difference between export-
ers and non-exporters can be observed in primary materials industries. For the met-
als industry, the difference is largest for an export ratio of 10%, both in 2011 and 2015. 
For the wood and paper products industry (hereafter, paper industry), the difference 
becomes larger as the export ratio increases. Conversely, for the textile industry, the dif-
ference is largest at an export ratio of 20% in 2011 and 10% in 2015 and then declines as 
the ratio increases. For the chemical industry, the difference is largest at an export ratio 
of 10% and then declines, even becoming negative, as the export ratio increases. These 
results indicate that other aspects of firm heterogeneity may be more crucial for identi-
fying differences in the intermediate imports ratio.

The volume of transactions must be considered to determine the most appropriate 
export ratio to distinguish exporters from non-exporters. For example, in the transport 
equipment industry, a small number of export-intensive firms import, so the difference 
is largest for an export ratio of 100%. To take the volume of transactions into considera-
tion and identify the magnitude of exports to the imported intermediate ratios, the gap 
was multiplied by the volume of total inputs to calculate indices (Fig. 1). In this figure, 
“ > 0–100%”, “ ≥ 10–100%”, …, “ ≥ 90–100%”, 100% means the ranges of export intensi-
ties (export sales ratios). We calculated the differences of import intermediate ratios 
between exporters and non-exporters that belong to the certain range of export inten-
sities, by subtracting non-exporters ratios from exporters ratios. The magnitude of 
“ > 0–100%” is defined to equal 100 as reference index. (However, “ > 0–100%” in 2015 
of wood and paper products industry is defined as – 100 since it has a negative value.) 
Figure 1 demonstrates that the calculation for the export/sales ratio of “ > 0–100%” for all 

(2)VSI = U × A
m
×

(

I − A
d

)−1

× X × X
−1

t .
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exporters produces the largest magnitude to the gap indices in all industries, the excep-
tion being the wood and paper products with the highest magnitude at “ ≥ 10–100%” in 
2015 (124.31), the metal industry with the largest magnitude at “ ≥ 30–100%” in 2011 
(243.06) and at “ ≥ 10–100%” in 2015 (108.22). Given than such exceptions are not 
numerous, we regard that all exporters should be covered in distinguishing exporters 
from non-exporters.

3.2  Heterogeneity between small and large firms

Figures 2 and 3 present the differences in the intermediate import ratio between small 
and large firms by industry, with Fig. 2 showing the results based on the first definition 
and Fig.  3 those based on the second definition, comparing the differences between 
exporters and non-exporters (where exporters are defined as firms with non-zero 
exports). In the processing and assembly industries, the differences in intermediate 

Fig. 1 Magnitude of export/sales ratios to imported intermediate ratios. Source: authors’ calculations based 
on firm-level data of the Basic Survey of Japanese Business Structure and Activities, METI
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import ratios between exporters and non-exporters are found to be larger than those 
between small and large firms. Interestingly, for the electronic and optical equipment 
industry, the gap is larger when using the definition of the Small and Medium-Sized 
Enterprises Act (Fig. 2), which uses a lower capital threshold for large firms, than when 
using the definition of the FSSCI (Fig. 3), which uses a higher threshold. This indicates 
that there are a lot of medium-sized firms in the electronic and optical equipment indus-
try between the two thresholds that engage in export.

The pattern for primary material industries differs considerably. For the chemical 
and metal industries, the differences in intermediate import ratios between small and 
large firms are larger than those between exporters and non-exporters. For the paper 
industry, the difference in 2015 between small and large firms was about the same as 
that between exporters and non-exporters. This indicates that heterogeneity regarding 
aspects other than exports may have a role for these industries. Interestingly, for the 
chemical industry, the difference is larger when using the definition of the FSSCI than 
when using the definition of the Small and Medium-Sized Enterprise Act. As discussed 
by Hagino (2017), this indicates that a small number of very large chemical firms operat-
ing integrated production systems, such as petroleum complexes, use large amounts of 
imported intermediates and materials.

Fig. 2 Differences in intermediate import ratios (large firms = firms with paid-in capital of 300 million yen 
or more). Source: authors’ calculations based on firm-level data of the Basic Survey of Japanese Business 
Structure and Activities, METI
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Table 4 examines the differences in the chemical and metal industries in more detail. 
For this purpose, the chemical industry is subdivided into petrochemical and non-pet-
rochemical industries, and the latter is further subdivided into chemical, rubber, and 
ceramic products industries. Similarly, the metal industry is subdivided into the pig 
iron, forged products, nonferrous products, nonferrous processing, and other metal 
industries.

In the chemical industry, the difference is larger in the petrochemical industry than 
the non-petrochemical industry. Large petrochemical firms are equipped with capital-
intensive integrated manufacturing complexes, and the use of imported intermediates 
and materials increases with the size of such firms, resulting in the large difference. 
Within the non-petrochemical industry, the differences in rubber and ceramic products 
industries are small but positive, while in the chemical products industry the difference 
is even negative. As highlighted by Hagino (2017), a likely reason for the negative dif-
ference in the chemical industry is that production in the industry tends to be divided 
into multiple stages, so that importers provide processed products to domestic firms and 
exporters process domestically produced products.

Fig. 3 Differences in intermediate import ratios (large firms = firms with paid-in capital of 1 billion yen 
or more). Source: authors’ calculations based on firm-level data of the Basic Survey of Japanese Business 
Structure and Activities, METI
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In the metal industry, the difference is larger in pig iron and nonferrous products 
industries than in the other sub-industries. Large iron and nonferrous products firms 
are equipped with capital-intensive integrated manufacturing complexes, and the use 
of imported intermediates and materials increases with the size of such firms, resulting 
in the large difference. The differences in the other metal industries (forged products, 
nonferrous processing, and other metal industries) are positive but small or negative. 
The reason, once again, seems to be that production in these sub-industries tends to be 
divided into multiple stages.

3.3  Heterogeneity between domestic and foreign firms

Figures 4 and 5 demonstrate that foreign-owned firms do not play a pivotal role in inter-
national trade in Japan, and that this distinction is less relevant than in other countries. 
Figure 4 compares the export and import shares accounted for by domestic and foreign 
firms in Japan and major European economies, while Fig. 5 shows the share of domes-
tic and foreign firms in the total number of exporting and importing firms. The data 
for European countries are from the OECD’s Trade by Enterprise Characteristics (TEC) 
database, which provides trade data (exports and imports) categorized by firms’ charac-
teristics, including ownership structure. For Japan, corresponding figures are estimated 
using firm-level data from the BSBSA. Although the BSBSA does not cover very small 
firms with less than 50 employees and 30 million yen of paid-in capital, omitting such 
small firms is unlikely to skew the results in a meaningful way.

Starting with Fig. 4, the results demonstrate that the share of exports and imports in 
Japan accounted for by foreign firms is much smaller than in European countries, espe-
cially in the case of exports, at around 5%, it is almost negligible. A similar pattern is 
revealed in Fig. 5, which shows that the shares of foreign firms in the total number of 
exporting and importing firms in Japan are less than 3%. These findings suggest that, in 

Table 4 Differences in intermediate import ratios in the chemical and metal industries

Source: authors’ calculations based on firm-level data of the Basic Survey of Japanese Business Structure and Activities, METI

2011 2015

Industry Paid-in 
capital ≥ 1 
billion yen

Paid-in 
capital ≥ 300 
million yen

Paid-in 
capital ≥ 1 
billion yen

Paid-in 
capital ≥ 300 
million yen

Chemicals 0.214 0.196 0.206 0.191

Petrochemical products 0.335 0.314 0.397 0.344

Nonpetrochemical products 0.058 0.048 0.023 0.024

Chemical products 0.031 0.032 − 0.027 − 0.029

Rubber products 0.126 0.084 0.088 0.072

Ceramic products 0.044 0.038 0.062 0.054

Metal 0.153 0.141 0.098 0.078

Pig iron 0.269 0.26 0.19 0.188

Forged products − 0.012 − 0.013 − 0.006 − 0.004

Nonferrous products 0.044 0.061 0.048 0.018

Nonferrous processing 0.004 0.006 − 0.009 − 0.05

Other metal − 0.01 − 0.012 0.003 − 0.006
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the case of Japan, distinguishing between domestically and foreign-owned firms is not a 
high priority when examining heterogeneity in intermediate imports.

3.4  Heterogeneity between firms with and without foreign subsidiaries

Figure  6 indicates that firms with foreign subsidiaries in Japan account for more than 
95% of all exports and imports, which is considerably higher than in France and the UK.

Therefore, differences in the intermediate import ratio between firms with and with-
out foreign subsidiaries are calculated. The results are presented in Fig. 7 and reveal that 
the difference between firms in the metal industry with and without foreign subsidiaries 
is larger than those between exporters and non-exporters as well as those between small 
and large firms. This suggests that metal corporations, which need to import materi-
als, have established subsidiaries for the exploration and mining of raw materials abroad. 
Thus, distinguishing between firms with and without foreign subsidiaries in the EIOT 
for the metal industry appears to be appropriate.

Furthermore, in the textile industry and the paper industry, the differences between 
firms with and without foreign subsidiaries are as large as those between exporters and 
non-exporters. Wood and paper products firms, which must import wood products, 
have established foreign subsidiaries to grow and harvest wood abroad. Similarly, many 
textile firms have established subsidiaries abroad, especially for sewing processes, to 
take advantage of lower labor costs in developing countries and import intermediates to 
Japan. Since the reliance on foreign subsidiaries by firms in these industries is likely to 
grow in the future, distinguishing between firms with and without foreign subsidiaries in 
the EIOT also seems appropriate for the wood and paper products and textile industries.

3.5  Compiling Japan’s EIOT

The analyses in subsections (3.1–3.4) regarding the types of heterogeneity to incorporate 
in the Japanese EIOT have several implications. For processing and assembly industries, 
such as machinery, electronics, transport equipment, food, and textile industries, het-
erogeneity between exporters and non-exporters should be incorporated. For the chemi-
cal industry, heterogeneity between small and large firms should be incorporated, and 
for paper and metal industries, heterogeneity between firms with and without foreign 
subsidiaries should be incorporated.

As for the textile industry, the difference in intermediate import ratios between firms 
with and without foreign subsidiaries is as large as that between exporting and non-
exporting firms; however, the share of exports accounted for by firms with foreign sub-
sidiaries is quite small (Table 5). As for the heterogeneity between small and large firms, 
the intermediate import ratio of small firms is larger than that of large firms, so incorpo-
rating such heterogeneity is not consistent with theoretical assumptions; therefore, the 
most appropriate approach appears to be the incorporation of heterogeneity between 
exporting and non-exporting firms.

An extended domestic table was constructed by applying the weights to the total out-
put of each manufacturing industry (Table  4) in the domestic table. Total output was 
separated into the output of exporters and non-exporters for the food, textile, machin-
ery, electronics, transport equipment, and other manufacturing industries; of small and 
large firms for the chemical industry; and of firms with and without foreign subsidiaries 



Page 18 of 28Hagino and Kim  Journal of Economic Structures           (2021) 10:25 

Fi
g.

 6
 S

ha
re

 o
f fi

rm
s 

w
ith

 a
nd

 w
ith

ou
t f

or
ei

gn
 s

ub
si

di
ar

ie
s 

in
 e

xp
or

ts
 a

nd
 im

po
rt

s 
(2

01
7)

. S
ou

rc
es

: f
or

 th
e 

U
K 

an
d 

Fr
an

ce
: T

ra
de

 b
y 

En
te

rp
ris

e 
C

ha
ra

ct
er

is
tic

s, 
O

EC
D

 (a
va

ila
bl

e 
on

lin
e 

at
 O

EC
D

.S
ta

t)
. 

Fo
r J

ap
an

: fi
rm

-le
ve

l d
at

a 
fro

m
 th

e 
Ba

si
c 

Su
rv

ey
 o

f J
ap

an
es

e 
Bu

si
ne

ss
 S

tr
uc

tu
re

 a
nd

 A
ct

iv
iti

es
, M

in
is

tr
y 

of
 E

co
no

m
y,

 T
ra

de
 a

nd
 In

du
st

ry



Page 19 of 28Hagino and Kim  Journal of Economic Structures           (2021) 10:25  

Fig. 7 Differences in intermediate import ratios between firms with and without foreign subsidiaries. 
Source: authors’ calculations based on firm-level data of the Basic Survey of Japanese Business Structure and 
Activities, METI

Table 5 Share in exports in 2015

Source: authors’ calculations based on firm-level data of the Basic Survey of Japanese Business Structure and Activities, METI

Food 
(%)

Textiles 
(%)

Paper 
(%)

Chemicals 
(%)

Metal 
(%)

Machinery 
(%)

Electronics 
(%)

Transport 
equipment 
(%)

Other 
manufacturing 
(%)

Export 
share of 
export-
ing firms

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Export 
share 
of large 
firms

94.3 90.5

Export 
share 
of firms 
with 
foreign 
subsidi-
aries

22.5 77.1 63.2
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for the paper and metal industries. For the textile industry, the output weight of firms 
with foreign subsidiaries is relatively small (bold text in Table  6), justifying the use of 
exporting and non-exporting as the heterogeneity consideration for the textile industry.

Table  6 is the extended import table incorporating the differences in intermediate 
import ratios (only manufacturing industries are shown). Based on Hagino’s (2017) anal-
ysis demonstrating that differences in industries’ intermediate import ratios are mainly 
due to the import of goods that an industry needs to produce, such differences are 
assumed to derive from differences in within-industry imports. For example, exporting 
automobile firms in the transport equipment industry import a large number of auto-
mobile parts, whereas non-exporting automobile firms mainly procure such parts from 
domestic firms. As a result, the transport equipment industry’s difference in import 
intermediate ratio becomes largest in the import of transport equipment. Such a result 
is assumed to be reasonable, and therefore, reflect differences in intermediate import 
ratios in the diagonal cells (bold text in Table 7).

3.6  Usefulness of the EIOT

Table 8 presents the VS coefficients for the non-extended IOT and Table 9 those for the 
EIOT.

Table 10 reveals the VS indicator based on the EIOT (34.3%) is 70% larger than that 
based on the non-extended IOT (20.5%). This implies that the extension of IOTs incor-
porating differences in intermediate import ratios makes it possible to more comprehen-
sively capture VS, and potentially, foreign value added.

OECD TiVA indicators show that Japan’s foreign value added included in exports is 
about 15%. Despite the similarity of the underlying concept of the VS indicator and for-
eign value added, the former is 30% larger than the latter. This gap may be caused by the 
fact that the VS indicator calculated in this research is based on one country’s IOT and 
does not exclude the domestic value added included in imported intermediate goods 
(APEC 2019, De Becker and Yamano 2012), which is not negligible in machinery indus-
tries. If the domestic value added included in imported intermediate goods is deducted 

Table 6 Output shares in 2015

Source: authors’ calculations based on firm-level data of the Basic Survey of Japanese Business Structure and Activities, METI

Food 
(%)

Textiles 
(%)

Paper 
(%)

Chemicals 
(%)

Metal 
(%)

Machinery 
(%)

Electronics 
(%)

Transport 
equipment 
(%)

Other 
manufacturing 
(%)

Output 
share of 
export-
ing firms

33.7 63.6 39.6 74.5 61.9 71.2 76.2 80.7 71.7

Output 
share 
of large 
firms

82.5 80.2

Output 
share 
of firms 
with 
foreign 
subsidi-
aries

29.4 29.1 42.2
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Table 9 VS coefficients of the 2015 extended IOT

1 2 3–1 3–2 4–1 4–2 5–1 5–2 6–1 6–2 7–1 7–2 8–1

1 0.02 0.00 0.05 0.05 0.02 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00

2 0.03 0.03 0.02 0.02 0.07 0.03 0.04 0.04 0.21 0.21 0.06 0.06 0.02

3–1 0.01 0.00 0.05 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3–2 0.01 0.00 0.04 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4–1 0.00 0.00 0.00 0.00 0.10 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4–2 0.00 0.00 0.00 0.00 0.08 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5–1 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.02 0.00 0.00 0.00 0.00 0.00

5–2 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.02 0.00 0.00 0.00 0.00 0.00

6–1 0.02 0.01 0.01 0.01 0.08 0.02 0.01 0.01 0.09 0.10 0.00 0.00 0.01

6–2 0.01 0.01 0.01 0.01 0.04 0.01 0.01 0.01 0.02 0.03 0.00 0.00 0.00

7–1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.04 0.02

7–2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.03 0.01

8–1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02

8–2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02

9–1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02

9–2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01

10–1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

10–2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

11–1 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

11–2 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

12 0.01 0.00 0.02 0.02 0.09 0.04 0.06 0.06 0.04 0.04 0.05 0.05 0.02

13 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

14 0.02 0.01 0.09 0.09 0.19 0.10 0.10 0.10 0.05 0.05 0.05 0.05 0.06

15 0.02 0.02 0.05 0.05 0.09 0.05 0.07 0.07 0.05 0.05 0.04 0.04 0.05

16 0.00 0.00 0.01 0.01 0.05 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01

17 0.01 0.01 0.05 0.05 0.10 0.05 0.05 0.05 0.05 0.05 0.03 0.03 0.05

18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total 0.17 0.10 0.43 0.38 0.96 0.41 0.47 0.42 0.54 0.55 0.35 0.31 0.34

8–2 9–1 9–2 10–1 10–2 11–1 11–2 12 13 14 15 16 17 18

1 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 0.02 0.03 0.03 0.04 0.04 0.04 0.04 0.26 0.02 0.02 0.02 0.01 0.01 0.02

3–1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00

3–2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00

4–1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4–2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5–1 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5–2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6–1 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.00 0.01 0.00 0.00 0.02

6–2 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.01

7–1 0.02 0.03 0.03 0.02 0.02 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00

7–2 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

8–1 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

8–2 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

9–1 0.02 0.07 0.13 0.02 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00

9–2 0.01 0.04 0.08 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

10–1 0.00 0.00 0.00 0.03 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

10–2 0.00 0.00 0.00 0.02 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

11–1 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00

11–2 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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using corresponding data from the OECD TiVA indicators, the VS indicator is reduced 
slightly to 20.1%. To calculate the foreign value added included in imported intermediate 
goods in this way, data from Japan’s trade partners must be considered and made endog-
enous in the analysis, which requires an international EIOT.

4  Conclusion
This paper discussed the various aspects of firm heterogeneity that should be incorpo-
rated into Japan’s EIOT. Based on the analysis using firm-level data, it was concluded 
that processing and assembly industries, such as the machinery, electronics, transport 
equipment industries, food, and textile industries, heterogeneity between exporters and 
non-exporters should be incorporated. For the chemical industry, heterogeneity between 
small and large firms should be incorporated, while for paper and metal industries, het-
erogeneity between firms with and without foreign subsidiaries should be incorporated. 
Based on these results, an EIOT was constructed for Japan. To examine the usefulness 
of this table, Japan’s VS indicator was estimated, finding the VS indicator based on the 
EIOT to be 70% larger than that based on the non-extended IOT. This implies that the 
foreign value added could be more comprehensively captured by the extension of an 
IOT. For more precise calculation of the foreign value added, however, Japan’s EIOT 
should be incorporated into an international IOT. For this purpose, we would like to 
work with the OECD. Doing so may enable verification of the reliability of the input 
structure method proposed in this study.

A future research challenge is the construction of an EIOT incorporating different 
elements of heterogeneity. Specifically, capturing the impact of firms’ globalization on 
the SNA, identifying multinational corporations could be useful. For this purpose, the 
OECD has proposed to incorporate the distinction between domestically owned firms 
without foreign subsidiaries, domestically owned firms with foreign subsidiaries, and 
foreign-owned firms in the EIOT. Following this proposal will present an opportunity 
to extend the work in this paper and present a potential research task for next research 
stage.

Table 9 (continued)

8–2 9–1 9–2 10–1 10–2 11–1 11–2 12 13 14 15 16 17 18

12 0.02 0.03 0.03 0.03 0.03 0.02 0.02 0.00 0.01 0.00 0.00 0.00 0.00 0.00

13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

14 0.06 0.07 0.07 0.08 0.08 0.08 0.08 0.00 0.01 0.01 0.01 0.00 0.00 0.01

15 0.05 0.05 0.05 0.05 0.05 0.19 0.19 0.01 0.01 0.01 0.04 0.01 0.01 0.01

16 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.00 0.00 0.00 0.00 0.03 0.00 0.00

17 0.05 0.06 0.06 0.06 0.06 0.05 0.05 0.01 0.01 0.01 0.01 0.01 0.01 0.01

18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total 0.36 0.43 0.52 0.42 0.48 0.52 0.51 0.31 0.08 0.09 0.12 0.08 0.05 0.09

1: agriculture, 2: mining, 3: food, 4: textiles, 5: paper, 6: chemicals, 7: metal, 8: machinery, 9: electronics, 10: transport 
equipment, 11: other manufacturing, 12: electric, gas and water, 13: construction, 14: wholesale and retail, 15: transportation 
and warehouse, 16: finance and insurance, 17: real estate and leasing, 18: community, society and individual services

For industries 3–11, the subnumbers (e.g., 3–1 and 3–2) denote elements of the extension

Source: authors’ calculations based on the Benchmark IOT and firm-level data of the Basic Survey of Japanese Business 
Structure and Activities, METI
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