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1．Introduction

It is an interesting issue to see how the labor share and the position of the manufacturing industry in the value

chain are related.

As Baldwin, Ito, and Sato (2014) argue, value-added is “U-shaped” in the value chain. In other words, value-

added is concentrated at the top (ideas and R&D) and bottom (marketing) of the production of goods, whereas

value-added in the middle (assembly) is small.

Therefore, if we assume that the difference in labor allocation (i.e., wages) between industries is insignificant, it

is hypothesized that output will be more relatively distributed to the capital side for upstream and downstream

industries compared to midstream ones. In other words, the relationship between the labor share and the position of

the industry in the value chain will be “inverse U-shaped.”

In this paper, we examine the relationship between labor share and the position of the manufacturing industry in

the value chain. To numerically indicate the standing point of an industry in the value chain, we use the

upstreamness and downstreamness concept, which is used to calculate the global standing of each industry using

the Global Input-Output table.

2．Global Input-Output Tables

Global supply chains have become more complex and evolved since the 2000s. Therefore, global input-output

tables, which describe the relationship of trade structures not only within a single country but also between

industries in different countries, have become increasingly important.

Global input-output tables are published by various organizations. Among these, representative tables that

include data on Asian countries are the World Input-Output Tables (WIOT) published by the WIOD, the Asian

International Input-Output Tables published by JETRO, the Multiregional Input-Output Tables published by the

ADB, and the Interregional Input-Output tables (ICIO) and Trade in Value Added (TiVA) published by the OECD.

In this analysis, we use the WIOD I-O table for several reasons. First, compared with other international I-O

tables, the most recent year table (2014) is available, making it easier to analyze the current situation. Additionally,
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data are available for every year from 2000 to 2014, making it possible to observe the trend over time, including the

effects of the Lehman shock.

Second, the WIOD I-O table covers 56 industries across 43 countries, making it possible to analyze the

relationship between industries across countries. This characteristic is useful for analyzing the position of each

industry and country in the global value chain. In contrast, as the trade of intermediate goods is not available in

domestic input-output tables, we can only calculate the position of a value chain within a country.

The advantages of using WIOD I-O tables are consistent with the assertions of Suganuma (2016). Note that

while Suganuma (2016) analyzed data from 1995 to 2011 based on WIOT2013, the analysis in this study is based

on WIOT2016, which covers the most recent year, 2014. Additionally, compared with the previous WIOT2013,

WIOT2016 was expanded in terms of both the number of countries and industries covered, facilitating a more

detailed analysis.

3．Upstreamness

The concept of upstreamness, proposed by Antras et al. (2012), quantitatively explains an industry’s position in

the supply chain in terms of the average number of processes its output passes before becoming a final good. In

other words, it is the distance measured in terms of the number of processes upstream of the final good.

The calculation method for upstreamness proceeds as follows: First, we organize the figures in the input-output

table, as shown in Table 1. Here, a indicates that the production of good i is used as an intermediate good in the

production of good j. The black bold box indicates that the good is used as an intermediate good, and F on the right

side shows that it is used as a final good.

Intuitively, if output Y is used as an intermediate input, a, upstreamness would be higher. In contrast, if the

output is used as a final good, F, the upstreamness would be lower. However, such a simple intermediate goods

ratio would not indicate the paths that a produced good passes as intermediate goods to reach the final goods. The

concept of upstreamness attempts to present these paths numerically in terms of the average number of processes a

product gets through to reach the final goods.

Specifically, equation (1) represents upstreamness. As shown in the equation, this number has a minimum value

of 1. This occurs when all the output of the industry in question is a final good and is not used as an intermediate

good in downstream industries through the supply chain. However, the maximum value of upstreamness is

theoretically infinite, but in practice, it often falls between 2 and 4.

Table 1 Structure of the Input-Output Table

Intermediate use Z Final use Output

Good ⋯ Good F Y

Good a ⋯ a F Y

⫶ ⫶ ⋱ ⫶ ⫶ ⫶

Good a ⋯ a F Y

Value added V ⋯ V

Output Y ⋯ Y
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Suganuma (2016) calculated the upstreamness of four East Asian countries/regions (Japan, China, South Korea,

and Taiwan) and showed that the increase in this figure in all four countries is a major characteristic of this region

compared with other countries, such as Europe and the United States.

However, as pointed out by Suganuma (2016), upstreamness indicates the distance between an industry and final

goods, which corresponds to the lower half of the supply chain. In other words, the upper half of the supply chain is

also needed in the analysis to determine the position of an industry in the global value chain.

In this analysis, we also included downstreamness, as proposed by Miller and Temurshoev (2015).

Downstreamness is the opposite of upstreamness and is numerically calculated as the average number of processes

that an industry goes through from raw materials until the final products of the industry are produced. In other

words, it is the distance measured in terms of the number of processes from raw materials to the industry.

Formula (2) shows the calculation method of downstreamness.
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While analyzing global supply chains, one of the advantages of using both upstreamness and downstreamness is

that it makes it possible to identify the industries/countries located upstream or downstream of the goods in the

value chain. In other words, it is possible to identify the country in which the output of the industry is used as a

back-end process to arrive at the final good or the country in which the output of the industry is used as a front-end

process from the raw materials.

In other words, if industries A and B are connected through a supply chain in the sense that output A is used to

produce B, then A is located upstream and B is located downstream in the supply chain. At this point, B is a

component of upstreamness of A and A is a component of downstreamness of B. In other words, the greater the

upstreamness, the more the output of the good is used by downstream industries, while the greater the

downstreamness, the more the production of the good depends on upstream industries.

This interpretation might suggest that greater upstreamness (i.e., distance to the final good) is desirable, whereas

greater downstreamness (i. e., distance from the raw material) is undesirable. However, in reality, this is not

necessarily the case. The location of the value-add varies from good to good, as suggested by the smile curves of

Baldwin et al. (2014).
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4．Analysis

4.1 Value of Upstreamness and Downstreamness

Table 2 shows the upstreamness and downstreamness values off the Japanese manufacturing industry (17

categories), calculated using the WIOD’s International Input-Output Table described in Sections 2 and 3.

The figures in this table confirm several observations. For upstreamness, the minimum value is 1.74 (food

products), and the maximum value is 3.88 (chemical products). For downstreamness, the minimum value is 2.01

(printing), and the maximum value is 3.44 (chemical products). Overall, downstreamness is less volatile (i.e., the

distance from the raw materials is similar), whereas upstreamness is more volatile (i.e., the distance to the final

goods is different).

The two columns on the right show the “relative” upstreamness using the values of upstreamness and

downstreamness, by calculating upstreamness (upstreamness + downstreamness). Here, a number above 50

indicates that the industry is located relatively upstream in the overall value chain, and a number below 50 indicates

that the industry is located relatively downstream in the overall value chain.

Regarding the relative upstreamness, material industries, such as chemicals, lumber, rubber, and non-metallic

products are above 50 (relatively upstream), whereas processing industries, such as automobiles and food products

are below 50 (relatively downstream).

However, the relative upstream level of electronic components is below 50, despite the fact that the industry is

characterized by the strength of the most upstream materials, such as semiconductors and capacitors, in the IT

industry. This is attributable to the classification of the global I-O tables. The name of this industry in the I-O table

is “Manufacture of computer, electronic, and optical products,” suggesting that it also includes downstream (i.e.,

close to final goods) industries, such as computers and optical equipment.

Table 2 Upstreamness and Downstreamness (Japan, 2014)

Source: WIOD
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4.2 Labor Share

Regarding labor share, we use the one published by JIP database (See Table 3). However, in this paper, to

analyze it with upstreamness and downstreamness, we reorganize it into 17 categories using nominal value added

(NV) and the denominator of the labor share, to calculate weighted averages.

4.3 Analysis Results

Figure 1 shows the relationship between upstreamness (or downstreamness) and labor share for the 17

manufacturing categories (all in 2014). In the graphs, the regression equation is used up to the second order, which

assumes an inverted U-shape, as mentioned earlier.

The results show that although a slightly inverted U-shape (or convexity upward) is observed, the relationship

between upstreamness (or downstreamness) and labor share is not necessarily significant. However, by eliminating

several sectors (pharmaceuticals, oil, and coal), which have extremely low distribution rates and small value added

(NV), the R-squares rise to 0.17 and 0.22, respectively. Similar relationships have been observed in other years.

The implications of these results are as follows. In the Japanese manufacturing industry, we did not necessarily

find a significant inverse U-shaped relationship between upstreamness (or downstreamness) and labor share,

suggesting a U-shaped smile curve. However, this relationship improves slightly if we eliminate exceptional

sectors. Additionally, the data has some limitations, such as the inclusion of computers in electronic components.

Furthermore, we only used the manufacturing sector in this analysis. Thus, we may have failed to notice marketing

and idea creation, which might be included in the non-manufacturing (service) sector.

One way to address this might be to conduct the same analysis using a domestic input-output table, where more

granularly classified data are available. However, it may be less precise in terms of “global” value chains.

4.4 Overall manufacturing sector

Figure 2 shows the relationship between upstreamness (or downstreamness) and labor share in the overall

manufacturing industry over time. Evidently, while upstreamness and downstreamness have recorded an upward

trend during this period, labor share has recorded a downward trend, with some fluctuations.

This result implies that the increasing complexity and depth of the global value chain, and the decline in labor

share occurred simultaneously. Although the fact that there is some causality may not be true, one suggestion is

that, as the number of processes to make a good increases, the intermediate margin increases, resulting in a lower

allocation to workers.

4.5 Markup

To what index are upstreamness/downstreamness related? In this section, we step away from labor share and

examine its relationship with the markup ratio.

As the markup ratio is calculated by dividing profit by cost, a higher markup suggests that the industry is more

profitable or competitive. Regarding the relation to the smile curve, similar to the argument that value added is

higher at both ends of the smile curve, the markup ratio is predicted to show a U-shape.

As shown in Figure 3, the correlation coefficients between the two are weakly negative, equaling approximately

-0.4 for both upstreamness and downstreamness. This relationship is slightly better than the relationship between
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Table 3 Labor Share (Japan)

Source: JIP database 2021 (industries are reorganized by the author)
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upstreamness/downstreamness and labor share. Furthermore, this result is convex down, which is consistent with

the smile curve, as expected.

5．Conclusion

In this paper, we examine the relationship between labor share and the position of the manufacturing industry in

the value chain, using upstreamness and downstreamness. The results above suggest that although the relationship

between upstreamness (or downstreamness) and labor share is convex such as “inverse smile curve”, it is not

necessarily statistically significant. However, the relationship between upstreamness (or downstreamness) and

Figure 1 Upstreamness, Downstreamness, and Labor Share

< Upstreamness > < Downstreamness >

Source: WIOD, JIP database 2021

Figure 2 Upstreamness, Downstreamness, and Labor Share (Manufacturing)

Source: WIOD, JIP database 2021
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markup rate is convex down, suggesting that they are related.

The weak relationship between upstreamness and labor share may be due to the data limitations. One way to

address this might be to conduct the same analysis using a domestic input-output table, where more granularly

classified data are available. These topics are expected to be analyzed in the future research.
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