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1. Introduction
We measure productivity growths of Japan, China, USA and South Korea by using the indicator of total labor

productivity (TLP, ratio of output to total labor). Total labor includes direct and indirect labor. Indirect labor
means labor used for production of raw material, machine, etc.

As an indicator of productivity growth, TLP is better than TFP (traditional total factor productivity) in the
respect that TLP is productivity which includes efficiency growth of input factors. Input factors of TFP are
defined by service quantity (or utility of input), therefore when efficiencies of input factor improve, both input
and output increase by the same quantity, and TFP does not change. Labor quantity in TLP is defined by
burden quantity (or disutility of labor or toil), therefore when efficiency of input factor improve, total
labor quantity decreases or output increases, and TLP rises. Besides TFP growth is usually calculated by
using income share of input factors as weight of input factors’ increase rate. But income share may not be
determined optimally according to production technique. The assumptions of neoclassical economics such
as perfect competition, etc. may not be real in actual world, especially in developing countries and
transiting countries. Income share may be determined by various factors such as power relations of labor
and capital. So, results of TFP may be influenced by various factors which include non-technique factors.
In calculating TLP, income share is not used. TLP can be measured regardless assumptions of neoclassical
economics such as perfect competition, etc.

Until the last paper, we measured TLP by using national input-output tables. In this paper we will measure

TLP not only by them but also by using international input-output tables and will compare them.



The research questions are improvements in method for measurement of productivity growth and more

accurate measurement results of productivity growths of Japan, China, USA and South Korea.

2. The calculation of total labor quantity
We use two methods to calculate total labor quantity. One method is the use of national input-output

table and another method is the use of international input-output table.

2.1 The calculation of total labor quantity by using national input-output
table

When we calculate total labor quantity by using national input-output tables, labor quantity
inputted in imported goods is calculated by using average inputted labor quantity of exported
goods, thinking that in order to import goods, foreign currencies are necessary and in order to get
foreign currencies, exporting goods is necessary, so labor quantity necessary to get imported
goods is labor quantity necessary for production of exported goods.

This time we use the national input-output tables of Japan, China, USA and South Korea
taken out from the simplified Eora26 MRIOs. We use not the I-O tables published by each
country’s statistical bureau but the I-O tables taken out from Eora MRIOs, because the aim is the
comparison of the results of two methods i.e. the use of national input-output table and the use of
international input-output table.

We aggregated 26 sectors tables of Eora MAIOs into 20 sectors tables. Because Eora
MAIOs are current price data and the end of our calculation is TLP growth, therefore the
deflators are necessary. We use the deflators taken out from OECD WIOD. For that purpose we
have compiled 20 common sectors from 26 sectors Eora MARIO and 35 sectors OECD WIOD.

We have calculated direct labor coefficient by using OECD WIOD (both employment and
output), for we think the employment data of OECD WIOD is more suitable for our purpose
than the employment data of Eora MARIO.

In measurement of total labor quantity by using national input-output tables (in case of using
national input-output tables where the number of intermediate sectors is 20), we used the
following expression.

t;: total labor per dollar, a row vector

a;;-:domestic input coefficient , a matrix

e;:share of export commodity, a column vector

m,:input coefficient of import commodity, a row vector

7;: direct labor coefficient, a row vector

i denotes the i-th sector o to supply commaodities
] denote the j-th sector to demand commodities
i 1~20: Intermediate Input  21: Capital Consumption
J: 1~20: Intermediate Demand 21: fixed capital formation
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In this expression, total labor quantity of imported commodities is the weighted average of
total labor quantities of exported commodities.

The results of this calculation are show as Total labor quantity by using national 1-O
table in Table 1. Embodied labor quantity by industry in Japan, Table 3. Embodied labor
quantity by industry in China, Table 5. Embodied labor quantity by industry in USA and
Table 7. Embodied labor quantity by industry in Korea.

2.2 The calculation of total labor quantity by using international input-
output table

When we calculate total labor quantity by using international input-output tables, labor
quantity inputted in imported goods is calculated as labor quantity necessary for production of
that goods in the country where they are produced.

We use the international input-output tables of 189 countries (regions) & 20 sectors which
are aggregated from the simplified Eora26 MRIOs into.

Direct labor coefficients of 40 countries whose data are in OECD WIOD are calculated by
using them and those of the other 149 countries (regions) are calculated by using Eora data.

The following is the formula that we used this time.

t‘j.: total labor quantity per dollar, a row vector

a“[:j: input coefficient , a matrix

;. direct labor coefficient, a row vector

a denotes a code of the country to supply commaodities
B denotes a code of the country to demand commodities
I denotes the i-th sector of country o
J denotes the j-th sector of country 3
m is the number of sectors
in =190 (FR.O.W), m=1
else m=21
i:  1~20; Intermediate sector 21; Capital Consumption
J:  1~20; Intermediate sector 21, fixed capital formation
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The results of this calculation are Total labor quantity by using international 1-O table in
Table 1. Embodied labor quantity by sector in Japan, Table 3. Embodied labor quantity
by sector in China, Table 5. Embodied labor quantity by sector in USA and Table 7.
Embodied labor quantity by sector in Korea.

The results of Japan and USA show that the total labor quantity by using international 1-O
tables are larger than those by using national I-O tables. But the results of China show that the
total labor quantities by using international I-O tables are smaller than those by using national I-
O tables.

The directions of differences of results of the two calculation methods were as we had
supposed, but we could know the differences were so large by seeing the results.

The reason why the results of Japan and The USA show the total labor quantities by using
international I-O tables were larger than those by using national 1-O table is that total labor
quantity necessary for production of imported goods were larger than average total labor
quantity of exported goods per dollar. Those large reason is that Japan and USA are advanced
countries and their productivities are higher than those of the developing countries. When the
USA and Japan import from developing countries, imported goods involve more labor than
domestic goods. The total labor quantities of China by using international 1-O tables is smaller
than those by using national 1-O table because China are developing country and the imported
goods from other countries involved less labor than domestic goods. This means imported
materials of China from developed countries were more than from the developing countries.

The ratios of imported production goods to domestic output (imported input coefficient) are
small in comparison with those of domestic production goods and direct labor. So before
calculation, we thought that differences in methods concerning total labor quantity of imported
production goods might not cause so large differences in results of total labor quantities of
domestic output. But the results are very different. The reason is: First, the total labor quantities
per USD (in current price) of the exports from developed countries to developing countries is
very different from those of the imports from developing countries to developed countries.
And the total labor quantities per USD (in current price) of the exports from developing
countries to developed countries is very different from those of the imports from developed
countries to developing countries. (Scores times)  Second, although the imported input
coefficient might be small, but when the imports are used for the intermediate inputs, that



products also may become intermediate inputs for other domestic products. The effects are not
only direct but also indirect.

3. The calculation of total labor productivity growth

We calculate total labor productivity growths by using the above total labor quantities. The
calculation of productivity growth needs the data in constant price, but the above total labor quantities are
in current prices. We use the data of OECD to estimate the deflators and convert the total labor
quantities from current prices to previous years' prices, and then calculate the productivity growths.

The following is the formula that we used to calculate total labor productivity growth.

G : Total labor productivity growth
T : Thisyears' total labor quantity per USD in previous years' price
P : Previous years' total labor quantity per USD in previous years' price

1 1
- )

The results of this calculation are Table.2 Labor Productivity Growth by Industry in
Japan, Table.4 Labor Productivity Growth by Industry in China, Table.6 Labor
Productivity Growth by Industry in the USA and Table.8 Labor Productivity Growth by
Industry in South Korea.

The differences between the results by using national I-O tables and those by using International I-O
tables are large. e need to think about the respective meanings concerning total labor productivity
growths calculated by using national 1-O table and international I-O table.

The total labor productivity growth calculated by using national I-O table shows the productivity
growth of each country, but it changes when exchange rate or other market conditions change although
the process of production does not change. In this calculation, the average total labor quantity of exports is
treated as the total labor quantity of imports.  As the result, even if the production process and the
physical properties of domestic product do not change, the results of the calculation may change if
exchange rates or other market factors change. In this point, there is some problem as productivity
indicator in total labor productivity growth calculated by using national 1-O table.

The total labor productivity growth of Japan, China, etc. calculated by using international I-O table
means the total labor productivity growth of the product whose final production process is done in Japan,
China, etc. and reflects the total labor productivity growth of all production processes which may be done



over borders. It reflects not only one country’s productivity growth, but also the productivity growth of the
many linked countries.

Why are the results of total labor productivity between by using national 1-O table and by using
international 1-O table different? One reason is that the total labor productivity growth of the exports is
different from that of the imports in the country where they are produced. The second is the change of
exchange rate.  Exchange rate influences result of the total labor productivity by using national I-O table.
For example, Japan’s currency appreciate, the total labor quantity of exports of Japan per USD will
become less (the total labor quantity of exports per Yen will be the same), and total labor quantity of
imports in case of using national I-O table is the weighted average of total labor quantities of exports, so
the total labor quantity of the imports will become less, therefore the total labor productivity growth of
products which use the imported good as intermediate input will be higher.  But the total labor
productivity growth in case of using international I-O table will not change even if the exchange rate
changes. It changes only when the production process changes.

4. Some points which the calculated results of TLP growth show

From the results, we can know the following things. See Chart 1 TLP GROWTH by using
National 1-O tables Average of total industries and Chart 2 TLP GROWTH by using International 1-O
tables Average of total industries.

First, the total labor productivity growth of China was higher than the other three countries in this
period. It is shown in the results both by using national I-O tables and by using international 1-O tables. In
China in this period, not only economic growth but also productivity growth was high.

The total labor productivity growth of China in 2009 fell down. Concerning this point, we will continue
to research, getting data after 2009.

Second, concerning Japan in most years, the total labor productivity growths by using international 1-O
tables were higher than those by using national 1-O tables. The reason is that the productivity growths of
imported production goods were higher than those of exported goods. But in 2000, 2003 and 2004, the
total labor productivity growths of Japan by using national 1-O tables were higher than those by using
international 1-O tables. This reason is that Japanese Yen appreciated in these years.

Third, the total labor productivity growths of South Korea by using national I-O tables fell down
rapidly in 2008. The reason is that South Korean Won depreciated rapidly both to Japanese Yen and to US
Dollar in this year. In 1998, South Korean Won depreciated rapidly to US Dollar, but it did not depreciate
so rapidly to Japanese Yen.

Forth, differences between TLP growths by using national I-O table and those by using international I-
O table in Japan and South Korea were larger than those in USA and China. The reason is that the rates of
imported production goods to output of Japan and South Korea are larger than those of USA and China.



5. Conclusion

The total labor productivity growth by using international 1-O tables is more accurate indicator of
productivity growth of products produced in international labor division and linkage than the total labor
productivity growth by using national I-O tables.

The combined use of the total labor productivity growth by using international 1-O tables and the total
labor productivity growth by using national I-O tables is effective in many-sided analysis of productivity
growth.
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