
TECHNICAL CHANGE 
AND IMPORTED 

INTERMEDIATE INPUTS

HASHIMOTO TAKAHIKO
RITSUMEIKAN UNIVERSITY

SOAS, UNIVERSITY OF LONDON

1



THE CONTENTS OF EACH 
SECTION

1. Introduction: Firstly, I am going to talk about the 
movement of the trade of intermediate goods in the world.

2. Methods: Secondly, I want to explain two productivity 
indexes. Then I’d like to focus an international 
intermediate goods and it’s coefficients.

3. Empirical results and Conclusions: Finally, I’ll review 
the main findings of this study. 
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1. INTRODUCTION

1. Escaith & Inomata eds. (2011) indicated in their Chapter 8 on 
“Trade in Intermediate Goods” that global exports of 
intermediate goods approximately doubled from $2.774 trillion 
in 1995 to $5.373 trillion in 2009 (Escaith & Inomata, eds., 
2011, p.81). Trade in intermediate goods increases (↑) 

2. Timmer et al. (2016) found that a share of intermediate 
products in global import increased from 69.8% in 2000 to 
74.3% in 2014.

3. There were about 16 times for nominal wage rates between 
advanced countries and developing countries (Hagiwara 2017, 
pp.14-15).

For these reasons, the trade in intermediate goods is 
important.

What is the type of technical change that introduces 
international intermediate goods?
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1. RESEARCH OBJECT: MY 
GOAL

The examination of type of technical change through 
international intermediate goods using the World Input-
Output Database 2016 from 2000 to 2014.
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Imported intermediate goods ⇒type of technical change?
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1. THE PREVIOUS WORKS

1. We used the “productivity criterion” and “cost 
criterion” presented in work by Okishio (1960,1961).

2. Okishio (1960, 1961) assumed the unity wage rate in 
all workers among industries.

Definitions of two criteria 

1. A cost criterion means that a unit cost is reduced.

2. A productivity criterion means that a total labor input 
is reduced.

5



1. THE PREVIOUS WORKS:  
LIMITATIONS

Previous studies for examination of technical change

1. Research based on the Japan Industrial Productivity 
Database 2003, which is Japanese input-output table 
data for the period from 1970 through 1998, shows 
that technical change in Japan is Harrod-neutral 
(Hagiwara 2003). 

However, international intermediate goods was not 
considered by those researches (Hagiwara 2003). 

The most important point here is that we have to examine 
the type of technical change that introduces international 
intermediate.
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2. METHODS: STUDY 
PROCEDURE

We used the World Input-Output Database. This database 
covers 43 industries in 56 countries.

1. We checked the type of technical change in 2408 
industries (43 times 56). Which is labour using or 
saving & intermediate goods using or saving?

2. Two productivity indexes were calculated. First index 
is a total labor input. Second productivity index is a 
unit cost.

3. We compared two productivity indexes for 
examination of the type of technical change.
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DATA SOURCE: WIOD2016
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2. “COST CRITERION” AND 
“PRODUCTIVITY CRITERION”

The unit cost in sector u defines as follows, 

𝑈𝐶𝑢 = 𝑃𝑗𝑎𝑗𝑢 +𝑊𝑢𝜏𝑢 (1)

=intermediate price x intermediate input coefficients

+ nominal wage rates x direct labor coefficients   

Symbols

𝑎𝑗𝑢: quantity of products from sector j required as inputs to 
produce one term of products in sector u.

𝜏𝑢: direct labor input to produce one term of products from 
sector u.

𝑊𝑢: nominal wage rates in sector u.
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2. TOTAL LABOR INPUT

t= τ[I – A]-1

τ(tau): the amount of labor directly necessary to produce 
a million dollars of the ith commodity (row vector).

t: the amount of labour required directly and indirectly to 
produce one unit of the ith commodity, say, one million 
dollars of the ith commodity (row vector).

I: the identity matrix (matrix).

A : the amount of the ith commodity in monetary terms 
directly necessary to produce one unit of the ith 
commodity (matrix).
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2. “COST CRITERION” AND 
“PRODUCTIVITY CRITERION”

The unit cost in which technical change in sector u
defines as follows, 

(3)

(4)

In the above case, it is the cost criterion.

Here Δ represents the difference from the base years to 
next years. 

The second criterion for technical change is the following:

(5)
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𝑃𝑗∆𝑎𝑗𝑢 +𝑊𝑢∆𝜏𝑢<0

𝑃𝑗

𝑊𝑢
∆𝑎𝑗𝑢 + ∆𝜏𝑢<0

𝑡𝑗∆𝑎𝑗𝑢 + ∆𝜏𝑢<0

->We can obtain two criteria for technical change.



2. THE HYPOTHESIS (1) 

We can categorize three types of technical change that 
satisfy the cost criterion (eq.(4)).

Case 0 is Δa=<0, Δτ<0

-> In this case, two criteria are always satisfied.

Case 1 is Δa<0, Δτ>0,  intermediate goods saving type

Case 2 is Δa>0, Δτ<0,  intermediate goods using type

Here, we focus some case that satisfies the cost criterion 
((4)) and does not satisfy the productivity criterion ((5)).
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2. “COST CRITERION” AND 
“PRODUCTIVITY CRITERION”

The unit cost in which technical change in sector u
defines as follows, 

(3)

(4)

In the above case, it is the cost criterion.

Here Δ represents the difference from base years to next 
years. 

The second criterion for technical change is the following:

(5)
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𝑃𝑗∆𝑎𝑗𝑢 +𝑊𝑢∆𝜏𝑢<0

𝑃𝑗

𝑊𝑢
∆𝑎𝑗𝑢 + ∆𝜏𝑢<0

𝑡𝑗∆𝑎𝑗𝑢 + ∆𝜏𝑢<0

->We can obtain two criteria for technical change.



3. EMPIRICAL RESULTS

1. We focus specific cases (case 1 & case 2) that the cost 
criterion is satisfied, but the productivity criterion is 
not satisfied.

2. These of technical changes in this case (the case 2) 
occurred 64 out of 2,408.

3. We found that the empirical results was p/w<t (⇔
1<wt/p) .-->1.566(2000), 1.493(2007), 1.401 
(2014) .
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FIG 2. RATE OF CHANGE IN 
INDIRECT LABOUR (HORIZONTAL AXIS) AND 
DIRECT LABOUR (VERTICAL AXIS) 
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FIG 3. RATE OF CHANGE IN FOREIGN
INDIRECT LABOUR (HORIZONTAL AXIS) AND 
DIRECT LABOUR (VERTICAL AXIS) 
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FIG 1A. RATE OF CHANGE IN 
TOTAL LABOR INPUT(HORIZONTAL AXIS) 

AND UNIT COST(VERTICAL AXIS)
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FIG 1B. RATE OF CHANGE IN 
TOTAL LABOR 
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TABLE 2A. RATE OF CHANGE IN 
TOTAL LABOR INPUT AND OTHER 
FACTORS

Component /Year
2000-
2007

2007
-2014

2000
-2014

1
Annualized rate of change in total labor input

(1=2+3)
∆𝑡𝑢

𝑡𝑢
-1.64 -1.39 -1.51 

2 Contribution from direct labor -0.73 -0.43 -0.58 
3 Contribution from indirect labor -0.91 -0.96 -0.93 
4 Contribution from imported indirect labor 0.30 -0.62 -0.16 
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(unit: annualized percent change)

→Contribution from imported indirect labor increased
→Δτ<0 and Δa>0 (imported intermediate coefficients)



TABLE 2-B. RATE OF CHANGE IN 
UNIT COSTS AND OTHER 
FACTORS

Component /Year
2000-
2007

2007
-2014

2000
-2014

1 Rate of price changes (P) 3.90 2.52 3.21

2 Rate of change in nominal wage rates (W) 3.96 3.56 3.76

3 Rate of change in unit costs (eq. 3& 4) -0.49 -0.25 -0.37
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(unit: annualized percent change)



TABLE 5. DIRECT AND INDIRECT 
UNIT LABOR COSTS (WT/P) IN 
TERMS OF MONEY WAGE RATE 
OF RECIPIENT COUNTRY

21

(units: dollar/dollar)

wt/p /Year 2000 2007 2014

(1) Weighted average using domestic intermediate 
inputs 0.741 0.721 0.704 

(2) Weighted average using imported intermediate 
inputs 1.566 1.493 1.402 

t<p/w <-> 1<wt/p=1.402

-> Δτ<0 and Δa>0 (imported intermediate coefficients)

p/w less than <t is one of cause of occurrence of case 2



4. CONCLUSION

1. Technical change reduced direct labour and increased 
imported indirect labor (in table 2, row 2 and row 4). 

2. We found that in some sectors technical changes 
arose that satisfied the cost criterion but not the 
productivity criterion. 

3. The reason for this seemingly paradoxical 
phenomenon was that the price of imported 
intermediate goods divided by the recipient country’s 
wage rate was far below the total labor input for 
imported intermediate goods (in table 5, row 2).
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4. FUTURE STUDY

1) To measurement of total labor input including capital 
depreciation input.

->There was not a capital depreciation data in the 
database.

2) To examine the effect of increasing imported 
intermediate goods on the global profit rate.

->Relationship to rate of profits and my conclusion.
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Thank you for your attention.


