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I.  Introduction

Baldwin (2016) explains the structural change in international trade as follows. The in-
dustrial revolution at the end of 19th century, which enabled a dramatic increase in produc-
tion efficiency and transportation of goods, triggered a rapid increase in international trade. 
Namely, it became possible to split or “unbundle” places of production and places of con-
sumption. To put it simply, goods produced in a place can be consumed in a different place. 
However, the production was done thoroughly within the boundary of a production country. 
For example, all the production processes of textiles and apparels exported by the United 
Kingdom were done within the United Kingdom. In the 1980s, however, the so-called ICT 
(Information and Communication Technology) revolution enabled precise and rapid trans-
mission of information, and the completion of production within a country became no lon-
ger necessary. Firms could then pursue more efficient production by, for example, moving 
some easy parts of production processes to developing countries with lower wages.

While the international fragmentation of production process deepens, many developing 
countries are enjoying steady economic growth. This phenomenon is especially well docu-
mented in East Asia. As theories explain, the engines of economic growth are capital accu-
mulation and technology improvement. Efficiency improvement through fragmentation of 
production processes is a technology improvement. Since the 1990s, firms taking advantage 
of the ICT revolution have pursued production fragmentation not only in their own countries 
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but also in foreign countries. It is clear, almost by definition, that deepening supply chains 
enables the improvement of firms’ production efficiency. But what kind of impact does it 
have on developing countries’ economic development? This issue is theoretically argued in 
Baldwin and Robert-Nicoud (2014) and Baldwin (2016), among others. When a physical 
production process is moved from a home country to a host country (e.g., from Japan to In-
donesia), the technology needed for the production process is also transferred to the affiliate 
host country. This enables a combination of cheap labour costs in the host country with ad-
vanced technology of the headquarters. Worker productivity improves because the advanced 
technology is now available. Consequently, workers can benefit from deepening supply 
chains in the form of higher wages. At the same time, the host country as a whole can enjoy 
technology improvement through technology diffusion from the multinational firms brining 
advanced technologies to their affiliates in the host country. Baldwin (2016) calls this “The 
great convergence”. This paper undertakes an empirical investigation on the aforemen-
tionedtheoretical predictions using Input-Output tables.

II.  Literature

Although value-added chains through input-output linkage has been well recognized in 
the literature of Input-Output analyses and international trade for a long time, such as in the 
studies on the sources and patterns of trade using input-output tables done by Leontief 
(1953), Leamer (1980), Trefler (1993) and Trefler (1995), among others, it is only recently 
that value-added trade analyses using input-output tables are in the spotlight. This is because 
of both the increasing importance of international fragmentation of production processes 
and the recent availability of international input-output tables covering many countries and 
years, constructed by the European Commission in collaboration with other institutions.

Although Hummels et al. (2001) pointed out already in 2001 that deepening sup-
ply-chains causes the gap between gross export values recorded at the customs and val-
ue-added generated in the exporting country, it is only recently that the issue is widely dis-
cussed in the international trade literature. An expression that typically expresses the 
phenomenon is “Made-in-China is no longer made-in-China.” A prime example widely cited 
is the case of the Apple iPad. In the production process of the iPad, value-added by Chinese 
workers represents nothing more than three percentage points of the total value-added of the 
product. The case of the iPad is an extreme one for a product, but Koopman et al. (2008) 
shows that value-added generated within China is only 50% of the total export value of all 
commodities from China. Johnson and Noguera (2012) computes the domestic value-added 
share of exporting countries over the total export values, and they show that the countries 
exporting manufacturing products have lower domestic value-added shares than countries 
exporting services. They also argue that the US-China trade imbalance in 2004 is 30-40% 
smaller when measured in value-added. Ito, Rotunno and Vézina (2017) show that, under 
the international fragmentation of production processes, the Heckscher-Ohlin model ex-
plains value-added trade better than gross trade. Ito and Vézina (2016), using Asian In-
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put-Output Tables, show that the gap between gross trade values recorded in customs and 
value-added trade has been widening and that the service share of value-added is rising (so-
called “Smile curve” phenomenon). Despite the aforementionedrecent advances in the stud-
ies on the deepening international production chains and concomitant value-added trade, the 
relation between production chains and development, including the income convergence be-
tween the developed countries and developing countries, is not yet studied, to the best of my 
knowledge.

III.  Data and Methodology

III-1.  Input-Output table

An industry purchases raw materials and intermediates inputs from other industries, pro-
duces their products (adding value-added) using these inputs, and then sells these products 
to other industries. The industries that purchase these products for use as intermediate inputs 
then produce other goods and services. Input-output tables represent such a chain relation-
ship for purchase-production-sales of goods and services among industries. It shows how 
goods and services were produced, sold, and purchased among industrial sectors in a fixed 
period (usually one year).

In addition to the information on purchase-production-sales of goods and services 
among industries as described above, an input-output table includes the information on final 
consumption and value-added comprising mainly of labour input, tax payment and profits. 
For example, out of 100 million dollars of total output value in the plastics industry, in-
put-output tables show how much the industry paid for its purchase of inputs, how much it 
paid for its workers, and how much it earned as profits. More details on the structure of the 
input-output tables are in the Appendix.

III-2.  Outline of the data used for analyses

The analyses use the World Input-Output Database (WIOD) made by the European 
Commission in collaboration with other institutions and the Asian International Input-Out-
put Tables, compiled by the Institute of Developing Economies, JETRO, Japan. WIOD pro-
vides two versions of the tables. One is yearly tables for 1995-2011 (Release 2013) and the 
other is yearly tables for 2000-2014 (Release 2016). This paper’s analyses mainly use the 
1995-2011 (Release 2013) version in order to better capture the impact of the ICT revolu-
tion, which is considered to have been accelerated in the 1990s. WIOD tables (Release 
2013) cover 40 countries and 35 industries, whereas WIOD tables (Release 2016) cover 43 
countries and 56 industries.

Policy Research Institute, Ministry of Finance, Japan, Public Policy Review, Vol.16, No.1, February 2020



III-3.  Calculation of value-added trade

The value of a product consists of input costs, such as primary or intermediate inputs, 
and value-added (mostly paid as wages and rental fee of capital). It should be noted that 
those inputs are also comprised of their own input costs and value-added. By tracking the 
whole process until the production values reach the sum of value-added, we can decompose 
the production values into the value-added by country/industry. This paper used this ap-
proach to calculate sources of value-added by country/industry for each production country/
industry. More details are explained in the Appendix.

IV.  Analyses

IV-1.  Total production and domestic value-added

First, we will examine whether there is a difference between total production and do-
mestic value-added due to the international fragmentation of the production process. Bald-
win (2016) refers to countries that have advanced technology and invest in foreign countries 
as a “headquarter economy” and countries that have comparative advantages, typically in 
low labor cost, host foreign direct investment from a “headquarter economy” and engage in 
production activities as a “factory economy.”

Figure 1 and Figure 2 show the transition from 1995 to 2011 of total production values 
and domestic value-added in Japan, which is a typical “headquarter economy,” and in Chi-
na, which is a “factory economy,” at least until around 2010. As these figures show, domes-
tic added value is smaller than total production. In other words, the value-added generated 
by foreign countries in total production value is expanding. In addition, the difference be-
tween total production value and domestic value-added widens over time, and the spread of 
the difference is more prominent in China (Figure 2). The United States and Mexico, and 
Germany and Poland are also typical pairs including a “headquarter economy” and a “facto-
ry economy”. Figures 3 and 4 show the cases of the United States and Mexico, respectively, 
and Figures 5 and 6 show the cases of Germany and Poland, respectively. In these figures, 
the difference between the total production value and the domestic value-added increases 
over time for both the “headquarter economy” and the “factory economy”, but this trend is 
particularly noticeable in the “factory economy”. As argued above, the proportion of val-
ue-added generated by foreign countries in the total production values of a country/industry 
has increased, whereas, by definition, the domestic value-added share has decreased. Then, 
an important question arises. What kind of impact did such change have on total production 
values, per-worker production values, and income per worker? This is the research question 
of this paper.
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IV-2.  Estimation analyses

In this section, various estimation analyses using the aforementioneddata are performed. 
In all estimations, the domestic value-added share is the explanatory (or independent) vari-
able of interest in this paper. In IV-2-1, overall variables such as the total production value, 
the total value-added amount, and the number of employees are taken as dependent vari-
ables, whereas in IV-2-2, we analyze the per capita variables such as per capita production 
and per capita labor compensation, as dependent variables. That is, while IV-2-1 analyzes 
the relevance of the deepening of international fragmentation in the production process to 
overall production activity, IV-2-2 analyzes the relevance to per capita income.

IV-2-1.  Total production, total value-added, number of employees
Estimation analyses are conducted using the domestic value-added share as the explana-

tory variable of our interest and the total production value, the total value-added, and the 
number of employees as dependent variable. That is, we analyze whether the decline in the 
domestic value-added share is related to these total values. The estimation equation is as fol-
lows.

lnYijt = β1ln (Domestic value added shareijt) + ui + uj + ut + εijt

The subscript i, j, t represents production country, production industry and year, respec-
tively. Y is the total production, total value-added, number of employees, respectively in 
each estimation. The term ui represents the production country fixed effects, the term uj rep-
resents the industry fixed effects, the term ut represents the year fixed effects, and the term 
εijt represents the error term.

Table 3 shows the estimation results of the log of total production values regressed on 
the domestic value-added share, the country fixed effects, the industry fixed effects, and the 
year fixed effect. Column (1) is an estimate from all observations, i.e., from the observations 
of all industries in all countries, column (2) is an estimate from a sub-sample of all indus-
tries in developing countries, column (3) is an estimate from a subsample of all industries in 
developed countries, column (4) is an estimate from a subsample in manufacturing indus-
tries in all countries, column (5) is an estimate from a subsample of manufacturing indus-
tries in developing countries, column (6) is an estimate from a subsample of manufacturing 
industries in developed countries. All the coefficient estimates in columns (1) to (6) show 
negative signs with statistical significance at the 0.1 percent confidence level, indicating that 
total production values increased as domestic value-added share decreased. Comparing the 
coefficient estimates of columns (2) and (3), we can see that the magnitude of impact in the 
case of all industries is larger for developed countries than developing countries. However, 
the comparisons between columns (1) and (4), (2) and (5), (3) and (6), indicate that the mag-
nitude is generally larger for the manufacturing industries than other industries. Moreover, 
columns (5) and (6) show that when restricting the sample to the manufacturing industries, 
the magnitude is larger for developing countries than developed countries. This is in line 
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with the widely accepted notion that the international fragmentation of production processes 
is especially deepening in the manufacturing industries.

Table 4 shows the estimation results with the total value-added as the dependent variable 
instead of total production value. All the coefficient estimates are statistically significant 
with negative signs and the magnitudes of the coefficients are similar to those in Table 3. 
The same estimation analyses as in Table 4 are done using WIOD 2000-2014 (Release 2016) 
as a robustness check. The results are shown in Table 5. As column (1) shows, the coeffi-
cient estimate for the whole sample (all countries and all industries) is statistically signifi-
cant at the 0.1 percent confidence level with a negative sign. As column (2) shows, when re-
stricting the sample to a subsample of developing countries, the magnitude of the coefficient 
is larger, with a statistical significance at the 0.1 percent level. On the other hand, as is 
shown in column (3), the coefficient estimate is statistically insignificant for the case of de-
veloped countries. Columns (4) to (6) are the cases for the subsamples limited to the manu-
facturing industries. The magnitude of coefficient estimates is larger for the manufacturing 
industries, especially for developing countries. These results are again in line with the wide-
ly accepted notion that developing countries are getting increasingly involved in the interna-
tional production networks of the manufacturing industries.

Table 6 shows the estimation results with number of employees as the dependent vari-
able. Except for the cases of column (3) (subsample of developed countries / all industries) 
and column (4) (subsample of all countries / manufacturing industries), all the coefficient 
estimates are statistically significant with a negative sign at the 0.1 percent significance lev-
el, which are similar to the results we have seen above for total production (Table 3) and to-
tal value-added (Table 4). These results indicate that a decrease in the domestic value-added 
share is associated with an increase in the number of employees. The magnitude of coeffi-
cient estimate is larger for the manufacturing industries. As further robustness checks, esti-
mations are done only for three selected industries, widely known for international produc-
tion networks, i.e., Machinery, Electronical and Optical Equipment, and Transport 
Equipment. The estimation results are qualitatively the same and quantitatively with larger 
magnitude of coefficient estimates. See Appendix Tables 1 - 3 for the estimation results.

All these results indicate that, although the domestic value-added share decreases due to 
international fragmentation of production processes, that seems to be affecting positively the 
total production value and number of employees.

IV-2-2.   Production value per number of persons engaged, Production value per 
number of employees, Renumeration per number of persons engaged, Re-
numeration per number of employees

Whereas the previous section analyses the impact of the domestic value-added share on 
the scale of industries, such as total production value and number of employees, this section 
analyses the impact on total production per worker and renumeration per worker, which are 
close to the concept of “The Great Convergence”. The only change from the estimation 
equation in the previous section is the dependent variable.
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Table 7 shows the estimation results for the case of production value per number of per-
sons engaged1 and the case of production value per number of employees. All the coefficient 
estimates are statistically significant with negative signs at the 0.1 percent significance level, 
which suggests that a decrease of domestic value-added share has a positive impact on pro-
duction value per number of persons engaged. The same estimation analyses are done for 
production value per number of employees, of which results are shown in Table 8. The re-
sults are similar both qualitatively and quantitatively to those in Table 7.

The case with renumeration per number of persons engaged is in Table 9. Except the 
column (3): developed countries and all industries and the column (6): developed countries 
and the manufacturing industries, the coefficient estimates are statistically significant at 0.1 
percent significance level, importantly, with positive sign. This suggests that a decrease in 
domestic value-added share has a negative impact on renumeration per persons engaged. 
Table 10 are estimation results for the case of renumeration per employee as the dependent 
variable. The column (1): all countries and all industries is very similar to the case in Table 
9. For the column (2), the significance level weakens compared with that in Table 9, but still 
with positive sign. When restricting the sample to the developing countries and manufactur-
ing industries (column (5)), the coefficient estimate is statistically insignificant. The robust-
ness checks as in the section IV-2-1, namely for the selected three industries are done and 
shown in Appendix Table 4 - 6.

Analyses so far suggest that a decrease in domestic value-added share has a positive im-
pact on total production values, but no positive relation with renumeration per worker, or 
even some slightly negative relation. To be closer to the concept of “The great conver-
gence”, namely, the combination of high technology of developed countries and cheap labor 
in developing countries, the next analysis confines the dataset to this combination.

We use a subsample of production countries being developing countries. The explanato-
ry variable is now the value-added share generated by the developed countries, i.e., how 
much of the developed countries’ value-added are embedded to the production. The depen-
dent variable is the renumeration per worker. Table 11 shows that all the coefficient esti-
mates are statistically significant at least at 5% confidence level with positive sign. Namely, 
an increase of value-added share coming from the developed countries is positively correlat-
ed with an increase in renumeration per worker in developing countries.

As the convergence of factor income is shown to take place also with trade of final prod-
ucts in the framework of Heckscher-Ohlin (factor income equalization theorem) besides the 
mechanism of international fragmentation of production processes, the focus of this paper, 
we divide the period of study into the years before 2000 (when international production net-
work was still not deep) and the years on and after 2000 (when the network deepened sub-
stantially) and do estimations separately for these two periods.2 As we can see from the 
comparison of the column (1) and (2) and also of the column (5) and (6), the statistical sig-
                          
1 WIOD have two measures for number of workers. One is number of persons engaged, and the other is number of employees. 
Number of persons engaged is a broader concept than number of employees.
2 I appreciate this suggestion by Shujiro Urata.
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nificance appears only for the latter period, i.e., on and after 2000. Also as can be read from 
the comparison of the column (3) and (4) and the column (7) and (8), when restricting the 
sample to the manufacturing industries, coefficient estimates are statistically significant for 
both periods, but the magnitude of coefficients are larger in the latter period, suggesting that 
international fragmentation of production processes positively affected the convergence of 
renumeration per worker.

V.  Conclusion

This paper shows that the gap between domestic production values and domestic val-
ue-added is growing with the deepening of production networks, which is a major phenome-
non of economic globalization. Then, the utmost interest of this paper is analyzed. Namely, 
how the domestic value-added share change is related to total production value, number of 
employees, per-worker production value, and per-worker renumeration. The analyses show 
that the lower domestic value-added shares is related to increases in total production, num-
ber of employees, and per-worker production value. Moreover, it shows a supporting evi-
dence on the effect of lower domestic value-added on narrowing gaps in worker renumera-
tion between the developed and developing countries, which is theoretically predicted by 
Baldwin (2016).
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Figure 1. Total production and domestic value-added (Japan)

Source: Author’s computation from World Input-Output database (1995-2011)

Figure 2. Total production and domestic value-added (China)

Source: Author’s computation from World Input-Output database (1995-2011)

82 ITO Tadashi / Public Policy Review



83

Figure 3. Total production and domestic value-added (USA)

Source: Author’s computation from World Input-Output database (1995-2011)

Figure 4. Total production and domestic value-added (Mexico)

Source: Author’s computation from World Input-Output database (1995-2011)
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Figure 6. Total production and domestic value-added (Poland)

Source: Author’s computation from World Input-Output database (1995-2011)

Figure 5. Total production and domestic value-added (Germany)

Source: Author’s computation from World Input-Output database (1995-2011)
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Table 1. World Input-Output database (1995-2011) Industry list

Source: Author’s elaboration from World Input-Output database (1995-2011)
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Table 2. WIOD (1995-2011) country code and country name

Source:  World Input-Output database (1995-
2011)
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Table 5. Estimation results WIOD (2000-2014) Dependent variable: Log of total value-added

Table 4. Estimation results WIOD (1995-2011) Dependent variable: Log of total value-added

Table 3. Estimation results WIOD (1995-2011) Dependent variable: Log of total production value
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Table 8. Estimation results WIOD (1995-2011) Dependent variable: Log of total production per employee

Table 7. Estimation results WIOD (1995-2011) Dependent variable: Log of total production per persons engaged

Table 6. Estimation results WIOD (1995-2011) Dependent variable: Log of number of employees
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Table 11. Estimation results WIOD (1995-2011) Sub-sample: Developing countries only Explanatory variable‐Log of 
value-added share coming from the developed countries Dependent variables: as described in the first row of the table

Table 10. Estimation results WIOD (1995-2011) Dependent variable: Log of renumeration per employee

Table 9. Estimation results WIOD (1995-2011) Dependent variable: Log of renumeration per persons engaged
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Table 12. Estimation results WIOD (1995-2011) Sub-sample: Developing countries only Explanatory variable - Log of value-added share 
coming from the developed countries Dependent variables: as described in the first row of the table, Prior to 2000 and on and after 2000
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Appendix

Figure A.1. below shows the basic structure of the input-output table. To produce 300 
products, the industry A purchases 30 and 60 for its raw materials and intermediate, respec-
tively, from the same industry A, and the industry B and adds gross value-added worth of 
210. The gross value-added consists mainly of wages for workers, capital depreciation, prof-
its, taxes. In other words, producers (here, industry A) purchases raw materials and interme-
diate inputs and employ workers to produce their products by paying them wages and also 
pay taxes and other expenses, with the rest being their profits.

As Figure A.2. below shows that a particular industry’s production value consists of its 
purchase of raw materials, intermediate inputs and the value-added that industry generates. 
Those raw materials and intermediate inputs themselves are also made up of their raw mate-
rials, intermediate inputs and value-added they generate. Thus, by tracing this process, the 
production value can be disaggregated only to value-added.

For example, incorporating the international production fragmentation into this concept, 
as Figure A.3. shows, Thai motor vehicle production is composed of raw materials and in-
termediate inputs from the Thai chemical industry and Japanese motor vehicle industry and 
value-added generated by Thai motor vehicle industry (shown in the most left-hand side 
column as “final production”). The Thai chemical industry’s production, in turn, consists of 
inputs from the Thai Iron & Steel industry, Thai chemical, etc. and value-added generated 
by Thai chemical industry. By tracing the process, production values are expressed only by 

Figure A.1.

Source: Author’s elaboration

Figure A.2. Definition of production value, value-added, raw materials and intermediate inputs

Source: Author’s elaboration
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value-added. When international fragmentation of production processes deepens, value-add-
ed generated by many countries and many industries come into this composition of val-
ue-added. The actual computation of value-added can be done by literally tracing this pro-
cess of stages, the computation takes long time. However, we can make computations much 
easier using the matrix algebra shown below.

VAP = v (I-A)-1p
where, VAP represents total value-added (which is equal to total production value), v 

represents value-added ratio (value-added/production value), I represents identity matrix, P 
represents production value.

Figure A.3.

Appendix Table 1. Estimation results WIOD (1995-2011) Three industries (Machinery, Electrical 
and optical equipment and Transportation equipment) Dependent variable: Log of total production
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Appendix Table 2. Estimation results WIOD (1995-2011) Three industries (Machinery, Electrical 
and optical equipment and Transportation equipment) Dependent variable: Log of total value-added

Appendix Table 3. Estimation results WIOD (1995-2011) Three industries (Machinery, Electrical and 
optical equipment and Transportation equipment) Dependent variable: Log of number of employees

Appendix Table 4. Estimation results WIOD (1995-2011) Three industries (Machinery, Electrical and optical 
equipment and Transportation equipment) Dependent variable: Log of production per persons engaged
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Appendix Table 5. Estimation results WIOD (1995-2011) Three industries (Machinery, Electrical and 
optical equipment and Transportation equipment) Dependent variable: Log of production per employee

Appendix Table 6. Estimation results WIOD (1995-2011) Three industries (Machinery, Electrical and optical 
equipment and Transportation equipment) Dependent variable: Log of renumeration per persons engaged

Appendix Table 7. Estimation results WIOD (1995-2011) Three industries (Machinery, Electrical and 
optical equipment and Transportation equipment) Dependent variable: Log of renumeration per employee
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