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Abstract - This paper analyzed the relative efficiency of industrial complex by various types using DEA Model. For this 
analysis, the output and exports of 287 industrial complexes at 2017 were used as a output variables, and industrial land area 
and number of employees at the same year was used as input variables. The result of the relative efficiency of industrial 
complex by various types are as follows. The relative efficiency of industrial complexes are affected mainly by types and 
operating period of industrial complexes. For the types of industrial complexes, the most efficient industrial complex was 
Urban high-tech industrial complex, and followed by National industrial complex and General industrial complex. 
Therefore, high-tech and government support for industrial complexes will be needed in order to increase efficiency of 
industrial complex. For the operation period of industrial complexes, the relative efficiencies are increased with increase of 
operation period. In order to maximize the regeneration effect of the old industrial complex, it is necessary to apply the 
efficiency as a priority item of the old industrial complex regeneration project. 
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I. INTRODUCTION  

 
Industrial complexes have been developed to promote 
agglomeration economies to maximize national and 
regional productivity, and in particular, localization 
economies, which are cumulative economic effects 
across sectors.  In other respects, industrial 
complexes have been developed as planning sites for 
the efficient operation of the country through the 
prevention of undeveloped industries.  However, the 
efficient operation became important as the industrial 
complex was developed since in 1962.  This is 
because the efficient operation of the industrial 
complex is important not only for the companies that 
are in the industrial complex but also for the 
continuous development of the local economy in 
which the industrial complex is located.  Recently, 
research on the analysis of the efficiency of the 
industrial complex has been continued due to this 
importance.  In addition, as Korea's industrial parks 
become more and more obsolete, the government has 
selected industrial complexes for regeneration with 
respect to  business and infrastructure from 2009 to 
promote infrastructure reform and reorganization as a 
high-tech industrial complex with respect to business 
and infrastructure (Ministry of Land Transportation, 
2015).  
Although the efficiency of industrial complexes is 
comparable to the types of industrial complexes, it is 
difficult to compare the efficiency of industrial 
complexes with the other industrial complexes as 
well as distinguishing old industrial complexes from 
industrial complexes.  Therefore, in order to judge the 
level of overall efficiency of industrial complexes and 
compare them, it is necessary to include entire 
industrial complexes for analysis.  In addition, the 

papers related to the efficiency of the existing 
industrial complexes derived implications through the  
 
change of the efficiency index, but the analysis of the 
various influences affecting the efficiency was not 
considered.  Here, efficiency is important not only 
because of the input factors but also because of the 
physical characteristics of the industrial complexes 
and regional factors. 
Therefore, it is necessary to analyze the relative 
efficiency of the industrial complexes, especially the 
old industrial complexes, in order to improve their 
operational efficiency and to compare them by 
various characteristics such as type, aging, 
complexity, operation period and area.  
The purpose of this study is to measure the efficiency 
level of industrial complexes and to find ways to 
efficiently operate the industrial complexes by 
analyzing the efficiency difference according to 
various types.  To do this, we construct the output and 
input variables of the industrial complex in 2017 and 
analyze the relative efficiency through the DEA 
model. Based on this, we plan to improve the 
efficiency level of industrial complexes and improve 
efficiency.  
This study is composed as follows.  In Chapter 2, we 
emphasize the difference between the research trends 
and analyze through DEA analysis study on industrial 
complexes.  Chapters 3 and 4 present DEA analysis 
methods, analysis data, and efficiency analysis results 
used in this study.  The last five chapters summarize 
implications and limitations of the study.  

 
II. ANALYSIS  FRAMEWORK  

 
1. Analysis method  
Data envelopment analysis (DEA analysis) was 
applied to the relative efficiency of the industrial 
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complex in this study.  Here, the efficiency is 
expressed as relative efficiency, which is expressed as 
0-1 compared to the most efficient group.  Therefore, 
the relative efficiency value is different when the 
analysis target is changed.  
In order to measure this relative efficiency, we can 
classify the analysis model into CCR model with 
constant profit structure and BCC model with 
variable profit structure. This study approach is based 
on BCC model.  The BCC model is more realistic 
than the assumption that the scale profit is 
unchanged, which is the basic assumption of the CCR 
model, because it assumes that it is difficult to make 
production activities at optimal scale for realistic 
reasons such as financial constraints and incomplete 
competition. In addition, it is possible to analyze the 
scale efficiency of each facility unit (DMU) (Choi, 
Choong-ik, Kim, Mi-suk, 2008) Since industrial 
parks are also a group of companies engaged in 
production activities, BCC is more suitable than CCR 
in view of the production economy theory.  
In addition, the BCC model in this study is based on 
the output-oriented model, because it is difficult to 
arbitrarily adjust the scale already developed for the 
industrial complexes in this study. In this case, the 
adjustment of the production scale is more reasonable 
than the adjustment of the production scale.  
In order to analyze the relative efficiency of the 
industrial complexes, it is necessary to pool all 
industrial complexes of all types (national, urban, and 
general). This means that when the DEA is performed 
for a specific type of industrial complex, various 
types (national, urban, general, etc.) can not be 
compared because the benchmark data for the DMUs 
are set only in specific industrial complexes.  

 
2. Analysis data  
Since this study derives the relative efficiency index 
through DEA analysis, it is important to select the 
appropriate output variables and input variables.  
In this study, the production amount and export 
amount of industrial parks are used as output 
variables. 
The industrial land area and the number of workers 
are used as input variables. This is based on the 
rationale of the production function (using the 
amount of production as a dependent variable and 
labor and capital as independent variables).  In this 
study, industrial land area was used as a proxy for 
capital since previous studies used site area as a 
proxy for capital to estimate the production function 
of industrial complex (Kim, Junhyung, Choi, Myung-
Seop, 2017).  In addition, the DEA analysis included 
exports, which is one of the leading roles of industrial 
complexes.  
This study has been applied to the industrial 
complexes in 2017, using the statistics of industrial 
location information system and Industrial Park 
Management Corporation. 

In this study, the DMU includes the amount of 
production, the amount of exports, the area of 
industrial land, and the number of employees, 
because the efficiency is not derived when the input 
and output variables of the DEA analysis are zero. 
And finally 287 industrial complexes were derived.  

 In general, the number of observations for 
DEA analysis is preferably 2 × (m × n) or more when 
the number of output variables (m) and the number of 
input variables (n) are given (Lee, Jung-Dong, Oh 
Dong-hyun, 2012).  According to the number of 
variables (2) and the number of inputs (2) in this 
study, 589 industrial complexes, which are 
considered to be appropriate for 8 (= 2 × 2 × 2) As 
shown in FIG.  

 In order to compare the relative efficiency 
that reflects the characteristics of other industrial 
complexes, it is necessary to compare various 
characteristics, such as operation body, facility-
combined, operating time, region, location, etc. 

The industrial complexes are grouped by 
operation body (national, non-national), facility-
combined (complex, non-complex) operating year 
(less than 10, 10-19, 20-29, 30-39, more than 40), 
location (Seoul-metropolitan, none-Seoul).  

 
III. ANALYSIS  

 
1. Relative efficiency analysis results  
The relative efficiency in this study was derived by 
estimating the production and exports value of 287 
industrial parks in Korea by 2017, assuming that the 
area of industrial land and the number of employees 
were input factors.  The relative efficiency in this 
study is the result of the BCC model based on the 
variable profit structure. As mentioned above, the 
relative efficiency index is derived as 0-1.  
Specifically, the overall efficiency of the 287 
industrial complexes is low, with an average of 
10.1%.  This is because of the large variation in the 
output and input size by type.  
The overall efficiency of industrial complexes can be 
summarized as follows.  Firstly, the relative 
efficiency index of urban high-tech and national 
industrial complex is high and the general industrial 
complex is relatively low.  It is more likely that a 
company located in national industrial complex or 
city high-tech is more competitive than a company 
located in other industrial complex. Considering that 
the government is more supportive to national 
complexes than general industrial complex. It 
influences to the operating efficiency.  In particular, 
the efficiency of the national industrial complex is 
high, which is asserted by   Kim Yong-yeol (2008) 
emphasizing that the size of the enterprise increases 
efficiency.  
The relative efficiency of each type is as follows.  
First, the efficiency index is higher in the industrial 
complexes that have various facility combined than 
complexes without those combined facilities. 
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However, there is little statistical significance.  This 
is because of the operating period of combined 
facilities. The industrial complexes with combined 
facilities have not been developed for a long time. 
Another possible explanation is that relatively low 
efficient industrial complex have been included.  
Second, the efficiency of industrial parks is 
increasing gradually as operating time goes by. This 
is because the industrial complexes have been 
operating for a long time, and it is believed that 
efficiency is secured by operating skills of know-
how.  As a result, it is analyzed that the old industrial 
complex is operated efficiently.  Finally, when the 

area is divided into Seoul-metropolitan and non-
Seoul-metropolitan area, the efficiency index is 
higher in the Seoul-metropolitan area than in the non-
metropolitan area.  For the result of this, Leeyoon and 
Ahn Yeong-hyo (2011) argue that the metropolitan 
area is more technologically advanced than the non-
metropolitan area. However, there was little statistical 
significance.This is because of the complexity. The 
non-metropolitan area have a high proportion of 
general industrial complexes and non-combined 
industrial complexes have relatively low efficiency 
and relatively short operating periods. 

 
 

Table 3 : Relative Efficiency Average and SignificanceComparison by Type 
Type Average Significance Comparison 

Industrial 
Complex 

National 0.254 F=17.016 
(0.000) Urban high-tech 0.413 

general 0.077 
Facility 
Combined 
status 

Single 0.097 t=0.497 
(0.619) Multy 0.109 

Operating 
Period 
(year) 

less than 10 0.083 

F=5.876 
(0.000) 

10-19 0.059 
20-29 0.106 
30-39 0.114 
over 40 0.272 

Decrepitude 
status 

non decrepitude 0.072 t=2.803 
(0.006) decrepitude 0.140 

Seoul 
-metropolitan 

outside 0.096 t=0.668 
(0.504) inside 0.113 

Scale of region province 0.094 t=1.031 
(0.304) Metropolitan City 0.124 

Total 0.101 - 
 

2. Comparison of efficiency and productivity  
Next, we can examine the difference in efficiency and 
productivity derived from this study. For this, we 
assume that labor productivity is the amount of output 
divided by number of employees and capital 
productivity is the amount of production divided by 
land area.  
As a result of comparative analysis of productivity 
and efficiency, the ranking of relative efficiency by  

 
type was similar to that of capital productivity, but it 
was analyzed differently from labor productivity.  
This implies that the results of efficiency may differ 
from the results of efficiency by measuring the 
productivity of industrial complexes, suggesting that 
it is necessary to consider not only productivity but 
also efficiency in overall evaluation of industrial 
complexes. 

 
 

Table 4 : Efficiency vs. Labor and Capital Productivity 
Type efficiency Labor negative debt 

Industrial 
Complex 

National 0.254  701.8  2.6  
Urban 
high-tech 0.413  113.6  2.9  

general 0.077  577.1  1.8  
Facility 
Combined 
status 

Single 0.097  567.9  1.9  

Multy 0.109  624.3  2.0  

Operating 
Period 
(year) 

less than 10 0.083  888.3  1.7  
10-19 0.059  393.0  1.9  
20-29 0.106  454.0  1.8  
30-39 0.114  445.4  2.0  
over 40 0.272  566.3  3.3  
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Decrepitude 
status 

non decrepitude 0.072  667.5  1.8  
decrepitude 0.140  474.8  2.1  

Seoul 
-metropolitan 

outside 0.096  713.7  1.8  
inside 0.113  300.8  2.2  

Scale of region province 0.094  580.8  1.7  
Metropolitan City 0.124  608.1  2.5  

 
3. Scale efficiency analysis  
The relative efficiency analysis of the BCC criteria 
applied in this study assumes a variable - scale profit. 
Hence, it is possible to analyze the efficiency of the 
scale compared to the CCR.  In this case, the 
efficiency of the scale is the result of judgment of the 
variable-scale profit status, such as Constant Returns 
to Scale (CRS), Increasing Returns to Scale (IRS), 
and Decreasing Returns to Scale There are three 
kinds.  If there is an economy of scale (IRS), 1% 
increase in the size of the input component means a 
1% increase in the output factor. On the other hand, 
1% increase in the size of the input component results 
in less than 1% of the output factor if there is an 
diseconomy of scale (Lee, Jung-dong, Oh Dong-
hyun, 2012).  
Table 5 summarizes the efficiency of the scale for 
each type of industrial complex through this analysis. 
In terms of type, the national industrial complex is 
generally high in efficiency, but the proportion of  
 

 
DRS is high.  On the contrary, general industrial 
complexes have a high share in IRS status. The 
proportion of IRS is high in the case of non-
metropolitan cities of 20-29 years of operation.  On 
the contrary, DRS is high in the compound and old 
industrial complexes of the metropolitan area.  
 Finally, considering these results, it can be said that 
the approach chosen for policy implementation may 
be different depending on the scale efficiency for the 
activation plan of the industrial complexes.  In other 
words, in the case of an industrial complex 
represented by DRS, a plan for expanding the output 
scale (production amount or export amount) is needed 
rather than the input size (industrial land area or 
number of employees). On the other hand, it is true 
that efficiency of complexes should be promoted.  In 
particular, since the expansion of the output scale is 
difficult to control with external factors, the 
efficiency of the industrial complexes belonging to 
the DRS should be improved through efficient 
operation (Yoo Jonghoon et al., 2013). 

 
Table 5 : Scale efficiency by type 

Type DRS CRS IRS 

Industrial 
Complex 

National 78.8% 12.1% 9.1% 
Urban 
high-tech 0.0% 0.0% 100.0% 

general 21.1% 29.1% 49.8% 
Facility 
Combined 
status 

Single 16.7% 22.9% 60.4% 

Multy 49.5% 34.7% 15.8% 

Operating 
Period 
(year) 

less than 10 14.0% 49.5% 36.6% 
10-19 18.9% 25.7% 55.4% 
20-29 30.6% 11.1% 58.3% 
30-39 58.3% 12.5% 29.2% 
over 40 66.7% 4.2% 29.2% 

Decrepitude 
status 

non decrepitude 16.2% 38.9% 44.9% 
decrepitude 43.3% 10.0% 46.7% 

Seoul 
-metropolitan 

outside 33.2% 31.2% 35.7% 
inside 14.8% 17.0% 68.2% 

Scale of region 
province 22.6% 28.3% 49.1% 
Metropolitan City 45.9% 21.3% 32.8% 

Total 22.6% 28.3% 49.1% 
 
4. Analysis of efficiency difference according to old 
age  
The efficiency of the project is different depending on 
the types of complexes and the duration years of 

operation.  Therefore, it is necessary to focus on the 
difference in operation period, that is, the aging of 
industrial complexes.  Table 6 shows the results of 
the analysis. The results are summarized as follows.  
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 In the case of national industrial complexes and 
general industrial complexes, the efficiency of the old 
industrial complexes is high and the efficiency 
difference of national industrial complexes is larger 
than that of the general industrial complexes.  
However, in the case of urban high-tech, the old 
industrial complex do not exist since it has not been 
developed yet.  In the case of combined complexes, 
the efficiency of the old industrial complex is also 
higher.  However, since the difference in the old age 
of complexes is larger than the difference in the case 
of the young age, there is high possibility that the old 

industrial complex could be improved in efficiency 
through the inclusion of multiple facilities in the 
regeneration.  Finally, in terms of area, older 
industrial parks in the metropolitan area and 
metropolitan cities are more efficient than other 
industrial parks.  However, in the case of young 
complexes, the efficiency of the metropolitan area 
and the metropolitan city is lower than in old age.  
These results suggest that differentiated application is 
needed to ensure the efficiency of old industrial 
complex and young industrial complexes.  

 
Table 6: Efficiency index by type according to age category Average 

Type Decrepitudestatus 
non decrepitude decrepitude 

Industrial 
Complex 

National 0.057  0.328  
Urban 
high-tech 0.413  . 

general 0.067  0.094  
Facility 
Combined 
status 

Single 0.071  0.125  

Multy 0.074  0.186  

Seoul 
-metropolitan 

outside 0.079  0.121  
inside 0.054  0.176  

Scale of region province 0.075  0.126  
Metropolitan City 0.061  0.181  

Total 0.072  0.140  
 
CONCLUSION AND IMPLICATIONS  
 
The purpose of this study is to measure the efficiency 
level of industrial complexes and to improve the 
efficiency of industrial complexes by analyzing the 
efficiency difference according to various types.  To 
do this, we constructed the output and input variables 
of the industrial complex in 2017 and analyzed the 
relative efficiency through the DEA model.  
Especially in this study, various types of industrial 
complexes are included so that various efficiency 
comparisons can be made according to characteristics 
of industrial complexes.  
As a result, the relative efficiency of industrial 
complexes in Korea is affected only by type and 
operation period.  In terms of type, urban high-tech 
industrial complexes are the highest, followed by 
national industrial complexes and general industrial 
complexes.  Therefore, in order to secure the 
efficiency of the industrial complex, it is necessary to 
increase the size of the industrial complex.  
Especially, as the duration of operation of industrial 
complex increases, the relative efficiency of 
industrial complex increases. And the relative 
efficiency of old industrial complex is higher than 
that of relatively young industrial complex.  This 
result can be applied as a consideration factor in the 
selection of the regeneration project of the old 
industrial complex because the efficiency of 
regeneration can be maximized in the old industrial 

complex secured with efficiency.  As the results of 
the productivity and efficiency comparison analysis 
show, the efficiency is not necessarily high even if 
the productivity of the industrial complex is high. 
Therefore, the efficiency of the industrial complex 
should be included as a consideration factor.  
In addition, although there is no statistical 
significance in the case of the composite complexes, 
it is note-worthy that the composite case of 
complexes shows a high average.  The insignificance 
comes from the fact that industrial complexes with 
combined facilities have not been developed for a 
long time and some of relatively low efficiency 
industrial complexes are included.  It is important to 
indicate the results of the old industrial complexes. 
The difference of efficiency index according to the 
complexity is large in the aged industry. Hence, it is 
possible to secure the efficiency by combining the 
industrial complexes in the regeneration projects for 
new and old industrial complexes.  
For further research, in order to secure efficiency, it is 
necessary to prepare differentiated methods in 
calculating or inputting depending on the economies 
of scale (DRS, CRS, IRS) in industrial complexes.  
This study has some limitations on the research. Only 
the industrial complexes including the export amount 
and the production amount areutilized.  Also, 
presuming that the industrial complex is to be one 
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unit(DMU) has other limitations on the calculation 
and input variables, and it is not analyzed the 
differences byindustry type in the industrial complex. 
In spite of these academic and empirical limitations, 
this study enables us to show that the resultsare 

different from the existing studies and they are 
meaningful in that the analysis of the overall 
efficiency difference is analyzed by various types of 
industrial complexes. 
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