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ABSTRACT: We investigated the production-factor redundancy of 24 
manufacturing industries in Japan using Data Envelopment Analysis（DEA）
with prefectural data. First, we estimated the returns-to-scale of production 
by industry and selected the most suitable DEA model for each industry. 
Next, we implemented DEA on prefectural economies by industry and 
learned the following: 1）large redundancies provably exist in key industries
（including various processing and assembly ones）; 2）the total estimated 
redundancy on the size of the workforce is 2.5 million persons or more, and 
it is 13 trillion yen or more for the capital equipment amount.
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1. Introduction: background and purpose

　Currently, the Japanese economy is in the process of making macro 
changes in its industrial structure. However, since this conversion is not 
being efficiently conducted, it is greatly decreasing the workforce, fueling 
unemployment, and lowering the operation status of manufacturing facilities. 
In the following, we examine the Japanese economy’s current situation using 
related economic indexes.
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　First, in Table 1, the numbers of employed, unemployed, and the 
unemployment rate chronologically indicate the following: 1）the employment 
condition improved in the mid-2000s but it has worsened recently, 2）a 
decrease of over 1 million employed persons occurred, 3）the total number of 
unemployed exceeds 3 million, 4）the index for those 15 to 64 years old（core 
of labor force）has especially worsened.1 Next, the size of the workforce in 
the major divisions of the Japan Standard Industry Classification（JSIC）2 is 
chronologically indicated in Table 2. However, the table consists of agriculture, 
forestry, and those industries whose workforce share exceeds 5% of the 
economy’s total amount. This table shows the following: 1）manufacturing, 
wholesale/retail, and service industries are the three major industries for 
employment, 2）there are notable decreases in the manufacturing, service, 
and construction industries in recent years, but limited increases in the 
medical, health care, and welfare fields. Next, the size of the workforce and the 
unemployment rate of each region in recent years are indicated（Table 3）. 
The unemployment rate is soaring in the Hokkaido, Tohoku, Kinki, Shikoku, 
Kyushu, and Okinawa regions, and the employment situation is worsening in 
all other regions. Last, we indicate the chronological change of the real capacity 
utilization ratio of manufacturing facilities（estimation）in Figure 1. The ratio 
peaked at 80% in the 2000s and has declined to about 60%.
　Based on the above background, we research and analyze the employment 
core in the Japanese economy, that is, its manufacturing industry（Table 
2）, to acquire the basic data for future industrial employment policies. First, 
we estimate each production function of 24 industries based on the medium 
divisions of JSIC. Next, with our estimation results, we implement a Data 
Envelopment Analysis（DEA）3 for the regional economies of 47 prefectures 
and evaluate the efficiency by prefecture and industry. Also, we quantitatively 
clarified the size of the workforce and the amount of capital equipment that 
are considered redundant. Although the results of this study may be viewed 
critical about the Japanese economy and its manufacturing industries, we 
believe that this knowledge will provide quantitative benchmarks for industrial 
employment policies and contribute to the effective conversion of its industrial 
structure.
　The rest of this paper is organized as follows. In Section 2, we explain 
previous examples with DEA and the DEA models used in our analysis. 
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In Section 3, we explain the 24 industry divisions, number the prefectures, 
and show the ten regional divisions. In Section 4, the production function is 
estimated by industry. In Section 5, we implement DEA by industry based 
on the estimated production function. In Section 6, we provide concluding re-
marks and future works.

Table 1 Changes in Work force Size, Number of Unemployed, and Unemployment Rate

Table 2 Changes in Workforce Size by Main Industries
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2. Explanation of DEA model

2.1 Comparison of this study’s position with previous researches

　The following analyses evaluated the efficiencies of some industries in some 
countries by DEA. Cooper �����.（1995）implemented DEA on textile, chemical, 
and metallurgical industries in China using data from 1966-1988. Yamada  
�����.（1995）used the data from 1976-1991 in Japan to investigate the total of 
manufacturing industries, electrical machinery, precision machinery, textiles, 

Table 3 Changes in Workforce Size and the Unemployment Rate by Regions

Figure 1 Changes in Real Capacity Utilization Ratio: manufacturing
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iron and steel, and chemical industries. However, to the best of our knowledge, 
only Yoshida（2012）comprehensively analyzed the state of a country’s entire 
economy and each region by DEA（details explained in Section 2.2）. Using the 
data of 1990, 1995, and 2000, he implemented DEA on 12 industries, including 
all industries（except for public service）based on the major divisions of JSIC. 
Hence, we overcame the problems in that analysis and studied the state of 
Japan’s entire manufacturing industry of each region as comprehensively as 
possible. This study directly follows Yoshida（2012）and implements DEA on 
more detailed categories : 4 24 manufacturing industries based on the medium 
divisions of JSIC. Therefore, based on Yoshida（2012）, the rest of this section 
describes our basic concept of DEA, the utilization examples, the DEA models, 
and the productive efficiency.

2.2 Basic concept and utilization examples of DEA

　First, we explain the basic concept of DEA. If several decision making units
（DMUs）have similar inputs and outputs, we compare the efficiency among 
them by the ratio scale of each one. The ratio scale is defined as the weighted 
sum of the outputs divided by the weighted sum of the inputs,5 assuming that 
their activities are efficient and yield larger output with less input. Second, we 
link the activities of the most efficient DMUs to introduce the �		�
�����	�������. 
Based on it, we evaluate the performances of the other DMUs. The above is 
the basic principle of DEA. In other words, although the parametric analyses 
are based on an average image of the objectives, DEA, which is a non-
parametric analysis based on improved DMUs, produces two analysis results 
of each DMU using the efficient frontier. One is the efficiency6（called the 
Defficiency value）on the activity, and the other is its improvement measure.
　Next, we explain DEA’s merits and demerits, as shown in Okuda and Take
（2006）and Viton（1997）. DEA does not demand that researchers specify the 
function form between inputs and outputs in advance, unlike other parametric 
analyses. Therefore, the arbitrariness of this point cannot be avoided. 
Moreover, DEA has no statistical process, which allows analysis without a 
large sample. Since DEA does not predict a sample’s observational errors, 
when a sample includes inappropriate observations, the DEA results are 
inevitably and largely distorted. Additionally, researchers who use DEA also 
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risk selecting input and output variables that are theoretically and statistically 
inappropriate, because DEA does not theoretically assume a relation between 
the input and output variables or test them statistically.7

　Finally, we explain the preceding analyses by DEA. Despite its above 
imperfections, it has been used to evaluate various DMUs, ranging from private 
enterprises to public institutions, because it can deterministically evaluate the 
efficiency of each one and show an improvement measure for it. The following 
analyses are examples of DEA implementation: Ferrier and Lovell（1990）on 
575 American financial institutes in 1984; Viton（1996）on 217 American bus 
services（both private and public）in 1990; Drake and Simper（2000）on 
the English and Welsh police forces between 1992 and 1996; Ueda（2006）on 
Japanese paper manufacturing companies between 1990 and 2004; Miyara and 
Fukushige（2002a）on 48 Japanese public bus services in 1999; Miyara and 
Fukushige（2002b）on police forces in 47 Japanese prefectures between 1975 
and 1999; Nozao（2007）on 606 regional Japanese public hospitals in 2001. 
Moreover, XU（2005）used DEA to measure the total factor productivity（TFP）
and the technical and efficiency manufacturing changes between 1993 and 2002 
in 25 prefectures in China. Finally, Yoshida（2012）implemented DEA on 12 
industries in Japan, which are based on the major divisions of JSIC, with the 
estimation results of 12 production functions using data of 1990, 1995, and 2000. 
His analysis investigated nine prefectures from such productive areas in the 
Japanese economy as Tokyo, Aichi, and Osaka.
　The following are the main contributions of our study in comparison with 
Yoshida（2012）:

1）We estimated the production function of each industry and modified the 
data.

2）We disregarded the assumption that the depreciation rate for capital 
equipment through all industries is consistent.

3）Since we analyzed 24 manufacturing industries based on the medium 
divisions of JSIC, our analysis is more detailed and more suitable for the 
DEA characteristics.

4）We expanded our analysis subjects to all 47 Japanese prefectures.
5）We could more easily examine the economic conditions throughout Japan, 
because our analysis results are totaled by region, such as Southern Kanto 
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and Kinki. 

2.3 DEA models used in this study

　First, we explain the CCR model（input-oriented model）,8 which is a basic 
model of DEA, assuming constant returns-to-scale（CRS）on returns-to-scale
（RTS）. If we are concerned about DMU O, we can denote this model as the 
following two-phase linear programming problem:

 （1）

 （2）

 （3）

 （4）

 （5）

where the  s are the vectors of  : their dimensions are （number of 
inputs）, （number of outputs）, and （number of DMUs）in order of appearance, 

 denotes an input slack vector whose every element shows the 
excess on every input,  denotes an output slack vector whose every 
element shows the shortfall on every output,  denotes a variable showing 
the Defficiency value of DMU O（lesser  means lesser efficiency）,  
is the input vector of DMU O,  is  a   matrix composed of the input 
vectors of all DMUs,  is a non-negative vector for creating a 
non-negative linear combination of the activities of the referred DMUs, 

 is the output vector of DMU O, and  is a  matrix composed 
of the output vectors of all DMUs.
　The solution of this model relating to DMU O is , which is obtained 
by solving the above problem. If  and without slack , such a 
DMU is efficient, otherwise it is inefficient. If DMU O is inefficient,

 （6）
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is its reference set. In addition, after solving the above problem, an 
improvement measure of DMU O is finally as follows:

 （7）

　Next, we account for the decreasing returns-to-scale（the DRS） 
and increasing returns-to-scale（the IRS）models. In them, the range of  is 
changed as follows:

 （8）

Since the upper bound in this inequality is 1 for the DRS model, the scaling 
up of DMUs is not allowed in the assumed production possibility set; however, 
scaling down is free. On the other hand, since the lower bound in this 
inequality is 1 for the IRS model, scaling down is not allowed; scaling up is 
free.9

2.4 Productive efficiency

　Taking account of the unit cost of each production factor（each input）and 
the manufacturing cost, and following Yoshida（2012）,10 we disintegrate the 
productive efficiency:

where PE, AE, TE, SE, and PTE respectively denote productive, allocation, 
technical, scale, and pure technical efficiencies.
　Certainly, if the DMUs with which we are concerned are enterprises, 
researchers cannot ignore AE to minimize their production costs.11 However, 
we analyze the efficiency of the technique that produces macro output（value 
added）from inputs（labor and capital equipment）in each industry in each 
prefecture（Section 3）. Therefore, we define TE in the above equation as the 
productive efficiency,12 as Yoshida（2012）.
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3. Industry divisions, numbering prefectures, and region divisions

3.1 Industry divisions

　The following are the industry divisions in our analysis. We used 24 
industries based on the medium divisions in the manufacturing group of JSIC
（Table 4）.

3.2 Numbering prefectures and region divisions

　Next, we number the prefectures and show the region divisions in Tables 5 
and 6.

Table 4 24 manufacturing industries
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４. Estimation of production function and selection of DEA model

4.1 Estimation method for production function

　The selection of DEA models depends on which relationship is assumed 
among CRS, DRS, and IRS on RTS between inputs and output. This selection 
is critical because it affects the DEA results. However, we cannot determine 
which relationship is statistically adequate in DEA. Many previous DEA 
researches have been concurrently conducted under each assumption（see,  
e. g., Miyara and Fukushige, 2002a, b; Nozao, 2007）. But in this case, it remains 
unclear under which assumption efficiency the improvement measures of 
DMUs should be considered. Moreover, as pointed out in Okuda and Take 
（2006）, the significance of the input variables cannot be statistically tested. As 
a result, researchers might use variables with a theoretical problem.
　Therefore we estimated the production function13 in each industry and 
determined the RTS state to select an adequate model among CCR, DRS, and 

Table 5 Numbering Prefectures

Table 6 Region Divisions
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IRS, following Yoshida（2012）’s procedure. The following are the contents:

（1）We analyzed regression model A（Model A）using the workforce（Labor）
and the amount of capital equipment（Capital）as independent variables 
that represent production factors and the amount of value added（Value）
as a dependent variable.

（2）We analyzed regression model B（Model B）using Capital divided by 
Labor as an independent variable and Value divided by Labor as a 
dependent variable.

（3）Using the residual sum of squares（RSS）obtained from the results of
（1）and（2）, the homogeneity of degree one（this equals CRS）of each 
production function was tested with  statistic.14

（4）When the homogeneity of degree one was accepted in（3）, we adopted 
CRS on RTS. When it was rejected, the sum of the coefficient estimates 
on Labor and Capital was adopted as RTS. That is, the type of DEA 
model used in Section 5 was determined.

4.2 Regression model

　Next we explain the above two regression models. First, we start with 
Model A. Assuming the Cobb-Douglas production function for each industry, 
Model A is obtained by logarithmic conversion:

 （9）

where  denotes Value,  denotes Labor,  denotes Capital, and  is a constant 
term indicating the level of technology. In addition, , , and  denote the industry, 
the prefecture, and the year index, respectively, and  denotes an error term 
satisfying the standard assumption15 of the linear regression model.
　Next, we explain Model B, which is based on the assumption of the homogeneity 
of degree one:  in Equation（9）. Under this assumption, we divide each 
dependent and independent variable of Equation（9）by  and obtain this 
model:

 （10）
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Since Yoshida（2012）failed to acquire the data for the capital equipment 
for industries that are based on the major divisions of JSIC and his analysis 
subjects, he assumed that capital equipment is a function of the depreciation 
rate, which is consistent throughout all industries. As a result, there is a  
probability that a discrepancy occurred between the actual production function 
and his estimation. On the other hand, since our analysis subjects are the 
industries based on the medium divisions of JSIC, we can use the data for the 
capital equipment itself, as explained in Section 4.3. Therefore, our analysis 
avoids the problem encountered by Yoshida（2012）. 

4.3 Data used for estimation of production functions

　We obtained the estimation data from the“Manufacturing census: Report by 
Industry.”16 Table 7 shows descriptive statistics for each indicator by industry: 

（1）The data are annual for the sample years of 2002-2007.
（2）We used data from establishments with 30 or more employees, because 

the data for the capital equipment amount are not reported for those 
with fewer than 30 employees.

（3）The data for the added value and capital equipment amounts are 
adjusted for the changes in the price level by GDP deflator（2000 year 
= 100）（reported by Japanese National Economic Accounting, Cabinet 
Office）.

（4）In Table 8, the number of observations differs by industry, because 
some of the yearly and prefecture/industry data are missing from the
“Manufacturing census.”17
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4.4 Estimation results and selection of DEA model

　Table 8 shows the OLS estimation results using the pooled data from the 
sample years of 2002-2007. We utilized the White estimator18 as the true 
variance estimator of the least squares estimator when the assumption of 
homoscedasticity was statistically rejected at the 5% significance level. This 
table shows the following facts.

（1）In the regressions of industries 3, 5, 6, 9, 10, 13, 15, 16, 18, 20, and 21, the 
significance of capital is not accepted, even at the 10% level. From the 
viewpoint of econometrics, capital should not be used as a DEA input in 
Section 5 concerning these industries.

（2）For all the industries except 4, 13, 16, and 21, the RTS is IRS; for industry 4, 
it is DRS; for industries 13, 16, and 21, it is CRS. Hence, the IRS model is 

Table 7 Descriptive Sample Statistics
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used in Section 5 for all industries except 4, 13, 16, and 21; we used the 
DRS model for industry 4 and the CCR model for industries 13, 16, and 
21.

5. Implementation of DEA and the results

5.1 Productive efficiency（Defficiency）

　Based on the results in Section 4, we implemented DEA for 47 prefectures 
by industry. However, note the following:

（1）Since our aim is to provide quantitative benchmarks for planning the 

Table 8 Estimation Results of Production Functions
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macro conversion of the industrial structure, our main subject is the 
most current year of 2007.

（2）Table 9 indicates the prefectures removed from our analysis because of 
missing data and the percentage distribution of each variable for each 
industry. Although this table shows that some industries have many 
prefectures removed from the analysis, the share of these industries 
is only about 10% of the whole concerning Labor on which we are 
focusing. Therefore, considering the data constraint, we think that 
we can qualitatively and quantitatively examine almost all Japanese 
manufacturing industries with the data in our study.

（3）We indicate the DEA results using the ten regional divisions shown 
in Table 6. We used this indication method for the following reasons: 
1）Due to space constraints, it is difficult to show all of the results 
for 47 prefectures; 2）however, to understand the economic situation 
throughout the country and compare regions, it is more beneficial to 
indicate the results at the region level than the prefecture one

　First, we consider efficiency. The productive efficiency of each region and 
industry is indicated in Table 10. However, note that each figure here is the 
average of the prefectures belonging to each region. It is difficult to see more 
than the properties of each industry from this table. Therefore, in Figure 2, 
we indicate the productive efficiency of each region by industry type in 2002 
and 2007, and, from this figure, the following nationwide and chronological 
tendencies are observed:

（1）Throughout all industry types, western Japan is more efficient than 
eastern Japan. 

（2）The comparative positions among regions in 2002 and 2007 are 
maintained except for some regions.

（3）In Type 1 industries（basic material）, Shikoku, Kyushu, Okinawa, 
Southern Kanto, and Koshin regions, in Type 2 industries（processing 
and assembly）, Shikoku, Kyushu, Okinawa, and Kinki regions, and, in 
Type 3 industries（livelihood）, Shikoku, Southern Kanto, and Kinki 
regions have high efficiency.
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Table 9 Omitted Prefectures and Percentage Distribution of Variables by Industry（2007）

Table 10 Productive Efficiency（D-efficiency）of Each Industry（2007）
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Figure 2 Changes in Productive Efficiency of Each Industry Type（2002-2007）
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5.2 Differences of each input

　As in Section 4, the production-factor redundancies for each industry and 
region are indicated in Tables 11（industries with labor and capital as inputs）
and 12（those with labor）. However, note the following: 1）production-
factor redundancy in DEA is the difference between the effective production-
factor amount calculated by Equation（7）and the actual one; 2）each figure 
indicated in the tables is the sum of the redundancy of the prefectures 
belonging to each region; 3）these tables show the total figure of each 
production factor in all of Japan to help readers understand the severity level 
of the production-factor redundancy. These tables provide the following facts:

（1）Examining the situation by industry, we recognize a large labor 
redundancy of over 150,000 workers in industriy 1, 9, 18, 19, 21, and 
22, which originally had many workers, and a large capital equipment 
redundancy over 1 trillion yen in industry 1, 2, 7, 14, 19, and 22, which 
originally had a large scale of capital equipment. These analysis results 
show that the redundancies have become more significant in Japan’
s following main industries: food and beverage, paper and pulp, chemical 
engineering, steel, and machinery/appliance manufacturing.

（2）Examining the situation by region, we recognize a large redundancy 
in Southern and Northern Kanto, Koshin, Tokai, and Kinki regions, 
which originally had larger scale industries than the others. The total 
redundancy of labor is around 400,000 workers, and that of the capital 
equipment amount exceeds 2 trillion yen in each above region.

（3）In the grand total of all the industries, the labor redundancy exceeds 2.5 
million workers and that of capital equipment exceeds 13 trillion yen. 
Considering the current unemployment condition and the real capacity 
utilization ratio of the manufacturing facilities reported in Tables 1-3 
and Figure 1, these figures suggest that the Japanese economy must 
drastically convert its industrial structure. 
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6. Concluding remarks

　In this study, we analyzed the production status of 24 manufacturing 
industries for 47 Japanese prefectures and acquired the following: 

（1）IRS is recognized in 20 industries by estimating the production function. 
（2） Each region in Western Japan shows relatively high performance 

through all industries. In basic material industries Shikoku, Kyushu, 

Table 11 Difference on Each Input（2007）: 2 inputs（Labor and Capital）

Table 12 Difference on Input（2007）: 1 input（Labor）
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Okinawa, Northern Kanto, and Koshin regions have high efficiency; in 
the processing and assembly ones, Shikoku, Kyushu, Okinawa and Kinki 
have high efficiency; and in the livelihood industries, Shikoku, Southern 
Kanto, and Kinki have high efficiency.

（3） Large production factor redundancies are found in such main industries 
as food and beverage, paper and pulp, chemical engineering, steel, 
machines, and appliances and in regions with large scale industries, such 
as Southern and Northern Kanto, Koshin, Tokai, and Kinki.

（4） Through all the industries, the total estimated redundancy on the size of 
workforce is 2.5 million persons or more, and that of capital equipment is 
13 trillion yen or more.

　Finally, the following are our future works. First, in DEA, each DMU is 
evaluated based on the efficiency frontier, which is determined by the DMUs 
that are regarded as the most effective under the relation of the inputs and 
outputs used in the analysis. Therefore, we must consider the factors that 
were not considered in our analysis to judge whether our production factor 
redundancies are appropriate. Next, to expand our analysis, data must also be 
acquired for regions and industries that were removed from our study and for 
establishments with fewer than 30 employees. Accomplishing these tasks will 
advance both industrial structure and employment policies in Japan.

1 15-24 years old workers are facing the worst conditions.
2 JSIC is defined by Ministry of Internal Affair and Communication, 
Government of Japan.

3 This method was developed by A. Charnes and W. W. Cooper who 
implemented an efficiency analysis by exchanging the process from 
inputs to outputs（Charnes �����., 1978）.

4 This detailed analysis is one future task pointed out in Yoshida（2012）.
5 In DEA, the set of weights can vary with each DMU and the most 
favorable one can be applied to the concerned DMU. Larger weight can 
be applied to the items at which the DMU is good and less weight to 
those at which it is not good. However, the ratio scales of other DMUs 
must be calculated by the same weight set. After that, the efficiency of 
each DMU is relatively evaluated by the results.
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6 We quote“Stochastic Frontier Analysis”as a parametric analysis to 
evaluate the efficiency of each object. For reference, see Aigner ���
��.（1977）, Battese and Coelli（1995）, etc.

7 Chalos and Cherian（1995）statistically checked the causality between 
inputs and output by regression analysis before implementing DEA.

8 In this analysis, we use not an output-oriented model but an input-
oriented model to grasp the redundancies concerning inputs: labor and 
capital equipment. Moreover, see Cooper ��� ��.（1978）, Cooper ��� ��.
（2000）chs. 2 and 3, Tone（1993）chs. 2 and 3, etc. for the details of the 
CCR and output-oriented models.

9 See Cooper �����.（2000）chs. 4 and 5, Tone（1993）ch. 4, and Banker ���
��.（1984）for the details of these models and the BCC model: the basic 
one of these.

10 The disintegration of Yoshida（2012）follows Farell（1957）, Viton（1997）, 
and Drake and Simper（2000）.

11 See Tone（1993）ch. 8 for an DEA model that minimizes production cost.
12 In addition, in this study, DEA is implemented by specifying RTS by 
industry. Therefore, we follow Yoshida（2012）and assume that the 
scale efficiency is 1: .

13 Note that we regard a“production technique”as one that includes all 
production and management activities: from preparing production factors 
to sales of goods and services.

14 See Green（1997）ch. 6 and others for details of F statistic and F tests.
15 The following is the assumption: .
16 This is published by Ministry of Economy, Trade and Industry, Government 
of Japan.

17 The“Manufacturing census”data are missing in the following cases: 1）
no applicable data, 2）since there are only a few establishments that are 
applicable as a research subject, the data concerning them are closed to 
the public to protect privacy.

18 See Green（1997）ch. 12 and others for the details.
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