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Abstract 

 

Efficiency and Its Determinants 

of Agricultural Corporations in 

South Korea 
 

Jiyong Park 

Dept. of Agricultural Economics and Rural 

Development 

The Graduate School 

Seoul National University 

 

Agricultural corporation was established in 1990 with the 

enactment of “Act on the Special Measures for Development of 

Agricultural and Fishing Villages,” as an attempt at bringing a 

revolutionary change in the agricultural industry of South Korea. 

Even though it is a relatively new concept in the industry, the 

number of participants has continuously increased and the 

‘agricultural corporation system’ has now became the 

fundamental components of the agricultural economy in South 

Korea. In fact, due to aging and decrease in number of 

agricultural population in rural areas, the rural economy has been 

getting worse lately. Even worse, opening of agri-food market 

fostered by Free Trade Agreement (FTA) have made the 



ii 

situation harder for rural villages and agricultural population to 

sustain and survive in the industry. In order to fight off such 

competition and to derive economically and socially sustainable 

agriculture, constructing a well-organized structure that allows 

the effective and specialized management within farm-

households to expand their business is needed.  

This study evaluates operational conditions of agricultural 

corporations in terms of efficiency and identifies determinants 

of the efficiency to derive managerial and policy implications on 

the current agricultural corporate system. For the analysis, 

three models of DEA (CCR, BCC and SBM) with bootstrapping 

and Tobit model are applied in two-stage processes. From the 

comparison made between the three models of DEA, BCC-

bootstrapping model presented the most coherent and concrete 

outcome in efficiency measures, and therefore applied for 

further analysis on its determinants. Results were driven 

focusing two operational structures (farming association and 

agricultural business corporations) and three major business 

classifications (production, processing and distribution 

corporations). Major findings from this study is as follows. 

Agricultural corporations at the frontier with estimated 

efficiency score of 1 appeared to be 5.1% in CCR model, 5.8% in 

BCC model, and 3.5% in SBM model, respectively. On the other 

hand, agricultural corporations with highest degree of 

inefficiency (presented by efficiency score below 0.5) appeared 

to be 26.1%in CCR model, 24.6% in BCC model and 33.2% in SBM 

model, indicating that considerable proportion of agricultural 

corporations in South Korea are in operation at the level of 

inefficiency. Agricultural corporations with IRS were shown to 
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be 65.0% of the entire set, whereas 28.7% appeared to be CRS, 

and 6.3% appeared to be DRS. Thus, overall expansion of input 

resources was recommended, since IRS indicates bigger 

increase in output units compare to a unit increase in inputs. 

Regarding operational structures, agricultural business 

corporations appeared to have higher overall efficiency 

measures indicating better-off conditions in operation. However, 

proportion of farming associations at the frontier appeared to be 

larger than of agricultural business corporations, demonstrating 

bi-polarized and biased condition in operation among farming 

associations with beneficiaries of intimate governmental network 

and support presenting extreme efficiency, whereas the majority 

of farming associations are at poor condition. Within the division 

of business classifications, agricultural production corporations 

appeared to be the most efficient, followed by the processing and 

distribution corporations. Agricultural processing and 

distribution corporations appeared to be particularly far behind 

production corporations in terms of efficiency, indicating 

necessities of improvement.  

As a result of the analysis on determinants, efficiency 

tended to increase with larger amount of assets and number of 

employees. Positive influence appeared among agricultural 

production corporations with 9~13 and 14~18 years of operation, 

whereas newly established (period of operation under 4 years) 

and decrepit (period of operation at 19 or more years) 

corporations demonstrated negative influence on efficiency in 

general. Regional concentration in agriculture appeared to have 

positive influence upon the efficiency, as well as the provision of 

multi-business activities. 
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These outcomes reflect substantive inefficiency among 

agricultural corporations, even though the system was 

introduced as a solution for improvement in operational structure 

of agrarian economy. Consequently, this study implies 

necessities in political and strategic remedial measures in 

improvement of efficiency among agricultural corporations, 

accordingly to each condition of operational structure, business 

classification, located region and etc. This is expected to not only 

increase efficiency for the benefits of rural economy, but also to 

further lead agriculture into more socially and economically 

sustainable industry in South Korea. 

 

Keywords: Agricultural Corporations, Agricultural Business 

Corporation, Farming Association, Data Envelopment 

Analysis, Determinant Analysis, Tobit Model 

Student Number: 2015-23025 
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1. Introduction 

 

1.1  Background 

 

 ‘Agricultural corporations’ are legal business entities 

established as an adaptive solution for specializing and 

corporatizing environment in the structure of agricultural 

production as well as the weakening market power from aging 

and decreasing agricultural population. Based on the “Act on the 

Special Measures for Development of Agricultural and Fishing 

Villages” in 1990, the ‘agricultural corporate system’ was 

established in order to organize and to promote cooperation 

among the producers’ organizations dispersed throughout the 

country. The system was expected to amplify competitiveness 

of such agricultural and fishing villages by expanding their 

economical roles to processing, distribution and sale of the 

produce. However, efficacy of the agricultural corporate system 

has been unsatisfactory due to lack of support from the 

administration and management at the government level. In 

addition, problems have been raised among the corporations with 

poor management (Kim et al., 2016; Cho et al., 2015; Yoon, 2015; 

Park and Lim, 2014; Lee et al., 2011; Lee, 2010), despite the 

growing share of agricultural corporations among the industry in 

South Korea. 

According to the Ministry of Agriculture, Food and Rural 

Affairs (MAFRA) of South Korea, the production from 

agricultural corporations has been taking up increasingly large 
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proportion of the entire domestic agricultural production each 

year. In 2015, proportion of cultivation acreage and agricultural 

production by agricultural corporations occupied 3.6% and 11.6% 

respectively, showing increment of 1% and 2.3% from the 

previous year. The number of people participating in the 

corporate system (115,704) has increased even more, by 14.1%, 

and 4,800 of them were new comers in the agricultural business 

with no previous experience in the field. The Number of newly 

established agricultural corporations accounted for 2,441 (13.9%) 

out of the total 17,484 in operation (15,043 in 2014), where the 

number of employees per corporation has decreased by 2.9% 

(6.6 people in 2015 and 6.8 people in 2014). Such change in 

statistics reflects the reduction in size of each corporation, 

contrary to the original objective of enlarging the extent scale 

and size of individual businesses. It was not only the number of 

employees that showed diminution of size, but also the sales from 

each corporation. While the total sales increased by 6.9% (24 

trillion and 619.5 billion won), annual sales from each corporation 

decreased by 8%, resulting in the average of 14.08 billion per 

corporation. Moreover, considering that 65.6% (11,467) of 

agricultural corporations are being operated without any sales in 

agricultural production, the market share of the agricultural 

corporations, including added-value produced in the entire 

agricultural industry in South Korea should be even larger.  

Agricultural corporations in South Korea are divided into 

two departments: a division in operational structures of farming 

associations, and a division in agricultural business corporations. 

The major differences between the two divisions are required 

minimum number of initiators (operators and/or investors) and 
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the applied provision. Establishment of agricultural business 

corporation requires one or more initiators as it features 

characteristics of general business corporation on agricultural 

activities, which is also indicated by applied provision in 

commercial law. On the other hand, foundation of farming 

association requires at least five initiators, featuring 

characteristics of associative corporation among agricultural 

population that follows provision in civil law. Classification of 

operational structures are introduced and discussed as a 

fundamental difference within agricultural corporations in South 

Korea, as well as business classifications in various sectors (or 

activates), such as production, processing and distribution. 

Although the total amount of assets, capital, and sales of 

agricultural corporations are continuously increasing over time, 

evaluation on the performances has been extremely limited in 

financial assessment and has been insufficient to derive 

initiatives for further development (Park and Lim, 2014). Since 

agricultural corporate system has been carried out as a 

governmental policy, evaluation on performances of the 

corporations is crucial to investigate whether the implementation 

stays on track through administrative tasks in achieving 

objectives and if the allocation of resources (budget and support) 

has been made in an appropriate manner. Especially in South 

Korea, problems such as poor performances in sales and revenue 

from each firm, weak employment system, and conversion into 

individual general businesses are found frequently in any types 

of agricultural corporations. However, in spite of the problems 

being raised, not enough policies or plans for improvement has 

been suggested for both the government and operators of 
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agricultural corporations. In a policy context, majority of these 

corporations are being excluded from general supports for 

agricultural producers, such as direct payment and subsidies, 

since agricultural business corporations are not only limited 

within production activities but also capable in carrying out 

services like processing, distribution, sales and etc. (Lee et al., 

2011). Therefore, in accordance to the reason why agricultural 

corporate system emerged in the first place, which was to work 

in benefit of the small farming structures and facilitate their 

business, it is imperative to investigate the possible reasons 

causing such problems. Once the problematic factors are 

identified, development initiatives should be provided to allow 

improvements in operational conditions of the individual 

corporations and to make the corporations be able to sustain 

themselves from the open-market economy.  

In fact, although Statistics Korea (KOSIS) has been 

conducting annual statistical surveys on agricultural corporations. 

Yet, most municipalities are not aware of the operational 

conditions within the area. Even the list and numbers of 

corporations existing are not arranged for administration and 

supervision (Lee et al., 2011). Since municipal governments 

have direct control over investigation and administration of the 

agricultural corporations in each district, it is important for the 

municipalities to be aware of regional conditions of the 

corporations to suggest and assist with countermeasure for 

inefficiency. Furthermore, identification of the determinants of 

efficiency is needed for proposing remedial measures and 

direction for supportive plans. Since each agricultural 

corporation differ significantly from one another in classifications, 



- 5 - 

scales and sizes of sales, number of employees, property and 

etc., it is necessary to establish a new standard to best compare 

their performances. Through analyzing the performances of 

corporations, determinants of efficiency may be identified and be 

used to propose adequate measures for improving the current 

agricultural corporate system. (Lee et al., 2011).  

 

1.2  Objectives & Methods 

 

This study measures efficiency (Farrell, 1957) of 

agricultural corporations in South Korea and identifies its 

determinants to achieve the following objectives: (1) to evaluate 

general operational conditions of agricultural corporations using 

different analytical models, (2) to compare efficiencies under 

two operational structures (agricultural business corporations 

and farming association), (3) to assess different characteristics 

within business classifications (producing, processing and 

distributing corporations), (4) to investigate circumstances of 

efficiencies and inefficiencies at regional (province) level, (5) to 

identify determinants of efficiencies within entities, and (6) to 

examine effects of being involved in multi-business activities in 

terms of efficiency. In the end, this study aims to suggest 

improvement plan and to derive managerial and policy 

implications on the current agricultural corporate system. 

 For these objectives, this study applies a two-stage 

analysis using DEA along with bootstrapping approach for the 

first-stage on efficiency analysis and Tobit model for identifying 
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the determinants at the second-stage. DEA, as a nonparametric 

method in operations research and economics for estimation of 

frontiers, has been widely used for benchmarking in operations 

management. In this sense, applying DEA to empirically measure 

efficiency of DMUs (agricultural corporations) enables to draw 

out best-practice frontier (Cook, Tone and Zhu, 2014), which 

can be further employed to identify determinative factors within 

efficient agricultural corporations. DEA models vary from the 

very basic CCR (Charnes, Cooper and Rhodes) model with 

assumption of constant returns to scale (Charnes et al., 1978), 

BCC (Banker, Charnes, and Cooper) model with assumption of 

variable returns to scale (Banker et al., 1984), additive models 

that do not require selection of either output or input orientation, 

SBM (Slack-Based Measure) model with addition of 

‘dimension free’ and ‘unit invariant’ properties (Tone, 

2001), and Russell Measure Model (Fare and Lovell, 1978), 

which enables to determine efficient projections for inefficient 

DMUs. However, particularly in this study, CCR, BCC and SBM 

models are adopted following universality and versatility in 

application while carrying different characteristics of 

assumptions. Appling three different DEA models for measuring 

efficiency is to compare differences in outcome and to select the 

most applicable model with the efficiency measures. This enables 

to overcome limitations in monotonous methodology used in 

previous literatures and to examine characteristics of outcome 

driven from different approaches of DEA.  

Driven measures on efficiencies from the selected model of 

DEA are further regressed with additional explanatory variables 

to indicate the effects and determinants of efficiencies among 
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agricultural corporations. Applying Tobit model, variables 

considered in addition to the input variables among the efficiency 

analysis include operational structure (whether agricultural 

business corporation and farming association), period of 

operation and regional concentration in agriculture. Furthermore, 

for more detailed and in-depth analysis, the efficiency estimates 

on each business classifications (production, processing, and 

distribution) are regressed individually with additional variable 

on different set of services provided by each corporation. 

 

1.3  Composition of the Study 

 

Composition of the study is as follows.  

Chapter one examines background and necessities of the 

study and proposes objectives and methods for analysis.  

Chapter two provides general information on agriculture in 

South Korea as a reference to the discussion of the study. 

Chapter three outlines concept and definitions of the 

agricultural corporate system in South Korea and investigates 

development processes and circumstances of agricultural 

corporations. Furthermore, it reviews previous literatures 

related to the subject and methodologies applied. 

Chapter four elucidates data and methodologies applied in 

the study. Dividing the application in two-stages of efficiency 

and the determinants analysis, lists of variables and mathematical 

formulas adopted in each stage are described in details. 
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Chapter five proposes driven outcomes from the efficiency 

analysis. Comparisons between different models applied are 

discussed for elaboration of following analysis on its 

determinants. 

Chapter six identifies determinants of the efficiency in 

accordance with the outcome driven from the previous stage of 

analysis. Interpretations are followed to expatiate upon the 

analytical results. 

Lastly, chapter seven summarizes contents and synthesizes 

outcome of the study. Following the discussion on empirical 

study, applicable managerial and policy implications are 

suggested on the agricultural corporate system for improvement 

and development. 
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2. Current Status Report on Agriculture in 

South Korea 

 

2.1  Agriculture in South Korea 

 

2.1.1  The Land and Population 

 

Korean Peninsula is located at 33-34 degrees north in 

latitude and 124-132 degrees east in longitude. The Korean 

Peninsula stretches from north to south and there are about 

3,400 islands. On the northern border, there are Aprok and 

Tumen rivers. On the eastern side, there is the East Sea and, to 

the south, the South Sea. To the west, Yellow Sea lies between 

mainland China and the Korean Peninsula.  

The total area of Korean Peninsula is 223,000 km2, with 

South Korea occupying 100,284 km2 of the land. Farmland makes 

up 17.1% of the country, forests 63.5% and the others 19.4%. 

During the past 50 years, the total land area increased by 6%, 

whereas farmland has declined by 24%. The decline in the forest 

area has been ceased recently (KREI, 2015).  

The population of South Korea is around 51.45 million in 

2017 (KOSIS, 2017), or 0.68% of the world’s 7.58 billion, 

ranking 27th in the world. The population of South Korea has 

multiplied around 2.3 times during the past 60 years since the 

country was found in 1948. The population growth rate had 
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gradually declined from about 2% in 1970 to 0.5% after 1990. In 

terms of population density, among countries having population 

of over 10 million, South Korea places second in the world with 

492 people per km2, following Bangladesh (1,154) and followed 

by Rwanda (468) (World Bank, 2017). 

One of the main characteristics of the population structure 

that has appeared recently is the aging population. The aging 

index (the elder to child ratio)1 has been steadily rising from 6.9% 

in 1960 to 69.7% in 2005. The difference between the aging 

indices of cities and rural areas has been widening greatly; the 

aging indices of cities (Dong) and rural areas (Eup and Myeon) 

were 55.7% and 145.7% in 2010, respectively (KREI, 2015). 

The agricultural population 2  was around 2.50 million in 

2016, which accounted 4.8% of the total population of the 

corresponding year, setting the lowest rate ever in Korean 

history. The number of farm households was 1.07 million, 

showing steady decrease after the peak of 2.6 million in the latter 

half of 1960s. The main causes of the decrease were 

industrialization and urbanization that had taken places in the 

process of rapid economic development.  

 

                                           
1 The ageing index is measured by the population aged 65 or over, per 100 

population of aged 0 to 14. 

2 The ‘agricultural population’ refers to total number of people managing or 

cultivating farmland over 1,000 m2, producing annual sales over 1,200,000won 

through agricultural production or management, being employed in agriculture 

for more than 90 days per year, and/or working for agricultural corporations 

for more than one year (KOSIS, 2017). 
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2.1.2  Economic Development 

 

Korea has gone through the path of modernization and 

industrialization over the past six to seven decades and has 

grown economic power that ranks among the tops in the world. 

According to the World Bank, ‘World Development Indicators 

Database 2016’, the economy of South Korea placed 11th in its 

size and share of economy among the global economy in 2015. 

With the United States at the head with quarter share of the 

global economy (24.32%) at US$18 trillion, China placed the 

second with 14.8% (US$11 trillion), followed by Japan with 6% 

(US$4.4 trillion). Following Germany, United Kingdom, France, 

India, Italy, Brazil and Canada3, South Korea had 1.86% of the 

share, accounted by GDP of US$ 1.4 trillion.  

Regarding the economic structure of South Korea, it can be 

briefly described in a sense of primary, secondary, and tertiary 

industries. Despite the insufficiency in statistics on 

establishment period, the working population in the primary 

industry that includes agriculture must have reached at least 80 

to 90% of the total population (KREI, 2015) during the 1950s-

60s. However, huge transition of the economy drew great 

diminishment in the size of primary industry with decreasing 

number of active population among sectors of agriculture, 

forestry and fisheries, which has merely reached 6.5% in 2016 

                                           

3 The size of economy (represented by GDP) and the share among the global 

total was Germany (US$ 3.4 trillion; 4.5%), UK (US$ 2.9 trillion; 3.9%), France 

(US$2.4 trillion; 3.3%), India (US$ 2.1 trillion; 2.8%), Italy (US$ 1.8 trillion; 

2.5%), Brazil (US$ 1.8 trillion; 2.4%) and Canada (US$ 1.6 trillion; 2.1%), 

respectively, according to 2015 World Bank data (World Bank, 2017). 
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(KOSIS, 2017). 

The phenomenon of reduction in agricultural workforce as 

a result of economic advancement has been common among 

advanced countries. Nonetheless, South Korea had experienced 

structural changes of its industry two to five times faster than 

those of advanced countries that the transformation took place 

over around 30 years, while others took at least 75 years4. 

Accordingly, wide disparity between the industries were caused, 

leaving the economy of agriculture on the level of developing 

countries, while the Korean economy is often regarded as on the 

level of advanced countries (KREI, 2015). 

The ratio of agricultural GDP to total GDP has been 

decreasing over time as presented in <Table 2-1>, from 8.3% in 

1980 to 4.7% in 1990, 3.0% in 2000, and to 1.9% in 2016. During 

the previous years of development, the rate of decrease was 

much steeper with 25.4% of agricultural GDP share in 1970. With 

respect to agricultural workforce, the ratio of a number of 

farmers (agricultural producers) to total population has been 

decreasing from 49.5% in 1970 to 32.4% in 1980, 17.1% in 1990, 

10.2% in 2000, 5.7% in 2014 and to 4.8% in 2016 (KOSIS, 2017). 

Such changes in industrial structure can be often considered as 

a decline of agriculture; however, does not necessary indicate 

definite reduction in industrial scale since these industrial 

changes are comparative. 

                                           

4 The average time needed and took for ratio of agricultural GDP to total GDP 

to be reduced from 40% to 5% was as follows: 120 years in five European 

countries (Great Britain, Germany, France, the Netherlands, and Denmark); 95 

years in US; 75 years in Japan; and 30 years in South Korea (KREI, 2015). 
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<Table 2-1> Statistics on Agricultural GDP over 1980-2016  

Unit: a trillion won (￦) for GDP and Agri. GDP, a billion won (￦), 

percentage (%)  

Year 1980 1985 1990 1995 2000 2005 2010 2015 2016 

GDP 193 256 420 628 821 1,034 1,265 1,467 1,508 

Growth 
Rate5 

-1.7 7.7 9.8 9.6 8.9 3.9 6.5 2.8 2.8 

Agri. GDP 13,5 19,1 19,9 22,9 24,7 25,7 28,3 29,3 28,4 

Proportion 8.33 7.50 4.74 3.65 3.01 2.48 2.24 1.99 1.88 

 

Cultivati
on 

9,690 
13,38

2 
13,97

1 
15,92

8 
17,59

1 
17,59

6 
17,58

0 
17,30

0 
16,63

7 

Livestoc
k 

955 1,731 1,591 2,930 3,075 3,442 4,853 5,909 5,905 

Forestr
y 

2,163 2,238 1,693 1,267 1,199 1,219 1,764 1,882 1,786 

Fishery 1,841 2,285 2,946 2,675 2,460 2,806 3,426 3,296 3,150 

Services 267 416 485 427 343 646 674 739 730 

Source: KOSIS, ‘Statistics on GDP and GNI under Industries’, Each Year 

from 1980 to 2016 (2017) 

 The absolute size of agricultural economy has been 

increasing, as shown in <table 2-1>; however, the growth rate 

of agricultural GDP has been decreasing greatly recently. On 

average, the growth rate was 3.92% in 1970s, 2.99% in 1980s, 

1.63% in 1990s, 2.01% in 2000s, and -0.53% between 2010 and 

2016. Although it has been a global phenomenon to have 

diminishment in GDP growth rates after economic development 

onto the level of developed countries, recent condition of 

negative growth rate indicates confronting threat regarding the 

preservation of agriculture and improvement within the sectorial 

economy. Among classifications of agriculture (cultivation and 

livestock production), forestry, fishery and agricultural services, 

                                           

5 Presented growth rates refer to the growth rate compare to the previous year. 
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all have shown similar development pattern with the total 

agricultural GDP except for forestry. The GDP of forestry has 

been rising and falling in terms of absolute value, yet presenting 

overall diminishment regardless of the increase in other fields. 

The GDP of cultivation (production of crops) has been the 

highest among the classifications, followed by livestock 

production, fishery, forestry and services. 

 

2.1.3  Transition of Administration 

 

Agricultural policies have changed substantially over the 

course of history. South Korea was heavily dependent on 

agrarian society during the pre-industrialization period, which 

refers to period from the establishment of the government during 

the 1950s. The high dependence on agriculture during the period 

was intended to provide enough food and jobs to the people of 

the nation, yet due to low productivity, it was inevitable to 

receive food aid from the United States. During the 

industrialization period, which took up to the mid-1980s, 

agricultural sector provided inexpensive labor to manufacturing 

industry, supporting it to thrive. Along with the Green Revolution 

that took place during the corresponding period, self-sufficiency 

on food was achieved, particularly on staple crops. Followed by 

the independence of food aid, the ‘New Community Movement6’ 

                                           

6  The ‘ New Community Movement ’ , also referred as ‘ Saemaul 

Movement’, was promoted by President Park in 1970. The movement was an 

initiative with emphasis on diligence and collaboration within villages that had a 

great influence on rural communities in South Korea. With a strategy to 
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fostered progression in rural development. 

After the ‘green revolution’ during 1970s, struggle on 

famine was much solved and with the establishment of RDA 

(Rural Development Administration7) agricultural technology has 

been developing continuously. Late 1980s and the subsequent 

years are characterized as agricultural policy reforms, along with 

globalization. The economy was integrated into the global trend 

of trade liberalization and the agricultural sector was opened to 

the import markets in accordance with international rules. The 

government has gone through several agricultural policy reforms 

after then, reorganizing related laws and programs in order to 

make market-oriented structure instead of the previous 

government-oriented structure. From the increase in 

productivity as a result of technological development, during the 

1990s, the main objective of agricultural administration was to 

specialize and expand scale and sizes of farms, which tend to 

remain small and was barely growing in size, while other 

industries were rapidly increasing in size and scale. In order to 

increase competitiveness and attractiveness of domestic 

production, many supportive policies on subsidies and direct 

payment programs were arranged to conserve agricultural 

industry in Korea.  

                                           

stimulate rural population’ s desire to enhance living standards, various 

projects were implemented from establishing infrastructure for access to 

villages, improving roof types, building leadership structure among villages, 

maintaining streams and natural resources and etc. The main idea of the 

movement was for the government to provide necessary raw materials for the 

projects and for villagers to provide labor to complete the projects. 

7  A central administrative agency under MAFRA, managing and providing 

services for technical training of agrarian leaders and researching and 

developing technology for agrarian improvement. 
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<Table 2-2> briefly describes the transformation on 

agricultural administrative paradigm in South Korea after 1990, 

where the promotion of corporate system began in earnest to 

derive market-oriented and self-reliant structure by increasing 

competitiveness among agricultural households. It provides 

general understandings on the background of recent agricultural 

scheme and reflection on how the vertical integration of different 

services among food chain was promoted on agricultural sector. 

<Table 2-2> Paradigm Shift in Agricultural Administration in South 

Korea 

The 
Administration 

Characteristics Major Policy Contents 

Kim, Young-

Sam 

(1993.02 ~ 

1998.02) 

Competitiveness 

- Specialization of agriculture 

(promoting full-time farm 

households and farm scale 

expansion) 

- Enhancing transparency in policy 

projects 

Kim, Dae-Jung 

(1998.02 ~ 

2003.02) 

Eco-friendly 

- Promoting environmental friendly 

production 

- Enhancing quality and reinforcing 

family farming 

Roh, Moo-

Hyun 

(2003.02 ~ 

2008.02) 

Income-focused 

- Expanding direct payment on 

income compensation 

- Comprehensive rural village 

development project 

- Improving living conditions in 

farming villages 

Lee, Myung-

Bak 

(2008.02 ~ 

2013.02) 

Globalization 

- Affiliating agriculture and fishing 

industry with food industry 

- Expansion of FTA (Free Trade 

Agreement) and ODA (Official 

Development Assistance) 

- Globalization of Korean food 

Park, Geun-

Hye 

(2013.02 ~ 

2017.05) 

Smart (high 

tech & 

multifunctional) 

- Applying high-technology 

(converging ICT·BT etc.) 

- Promotion of 6th Industrialization of 

agriculture8 

                                           

8 Agriculture as 6th industry, more frequently referred as ‘6th industrialization 
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Moon, Jae-In 

(2017.05 ~ 

Current) 

Self-

sustainability 

- Establishing food sovereignty 

(opposition on open-door agri. 

policies and etc.) 

- Assuring fundamental rights of 

farmers (increasing subsidy, direct 

payment and etc.) 

- Constructing key industry (agrarian 

reform etc.) 

- Securing agricultural population and 

creation of employment 

Source: Referred on Kim (2014), Lee (2017) and publications from Korean 

Peasants League (2017). 

 

The agricultural administrative paradigm in South Korea 

since 1990s has focused in actively coping with the expansion of 

opening market through scaling, rightsizing and specializing the 

agriculture (Kim, 2014). Each regional government had proposed 

its own agricultural administrative frames as 

‘competitiveness’, ‘eco-friendly’, ‘income-focused’, 

‘globalization’ and ‘smart’ incorporating farming 

populations and villages, yet has been evaluated to be ineffective 

in resolving problems in small-and-weak, and aging agriculture 

(Lee, 2017). The introduction of 6th industrialization of 

agriculture during the ‘Smart’ administration period was once 

                                           

of agriculture’, is a concept of converging primary, secondary, and tertiary 

industry in agricultural field. In contrast to the general definition of the tree-

sector theory, this concept requires involvement of rural community members 

and use of local resources in diversifying resources of farm income and creating 

added value onto the agricultural produce. The concept firstly began from Japan 

in mid 1990s, and then the South Korean government has recently implemented 

the new policy to revitalize rural economy, improve quality of life among rural 

communities and to multi-functionalize the agriculture. While ‘Agricultural 

corporation’  and ‘ the cooperatives’  refers to operational structure of 

agricultural entity, ‘agriculture as 6th industry’ refers to the specific a policy 

in promoting the entities to provide expanded multi-services in primary, 

secondary and tertiary industries, especially highlighting agritourism and farm 

restaurants as a source of added value on behalf the value of agricultural 

produce. 
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expected to revitalize rural economy through generating new 

income sources as part of ‘creative economy9’; however, the 

effect has been stagnated due to the change of government 

regime in 2017. 

Despite the fact that the agricultural administration 

emphasized on macro-scheme with expansion of free trade 

agreement towards foreign countries considering the 

globalization of economy during the early 21st century, recent 

focus of administration has been made on expansion of functions 

and activities within domestic agriculture. In collaboration with 

secondary and tertiary industries and technologies, primary 

industry of agriculture is expected to draw domestically 

sustainable and market-oriented economy so that the agriculture 

and rural sector can stand independently with competitiveness. 

For these objectives, agricultural corporate system has been 

developing over time with increasing a number of corporations 

and sales produced – as well as the market share among the 

entire agri-food industry, while its performance and efficiency 

have been controversial. 

In accordance with the recent changes in focuses along with 

the transition of paradigm, multi-business activities participated 

by agricultural corporations are considered in this study, as it 

reflects operational conditions in multifunctional agriculture 

promoted by the administration of Park. Moreover, effects of 

employment status among agricultural corporations in terms of 

                                           

9  ‘Creative economy’ , developed by John Howkins in 2001 describes 

economic systems where value is based on novel imaginative qualities rather 

than the traditional resources of land, labor and capital (John Howkins, 2001). 
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efficiency are investigated to provide applicable and relevant 

implications for the current administration with focus on securing 

agricultural population and creation of employment. Impacts from 

direct governmental support through subsidies and direct 

payment program or income compensation are not included in the 

analysis, considering the aim of agricultural corporations as self-

reliant and market-oriented structure; however, are discussed 

with outcomes driven from analysis on agricultural corporations, 

as it appears to be one of the biggest focus that remains fairly 

common in most administration periods. Still, as the objective of 

the ‘agricultural corporate system’ is to promote systemized 

and rightsized market-oriented agricultural structure, the main 

focus of interpretation made in this study seeks to link ‘self-

sustainability’ of agriculture concordantly with the current 

paradigm. 

 

2.1.4  Farmland and Cultivation  

 

Regarding agricultural production (cultivation of crops), 

staple crops – particularly rice – has been taking over great 

proportion of overall cultivation acreage as presented in <table 

2-3>. This is due to the government’s promotion on increasing 

self-sufficiency of staple crops during years of industrialization 

in 1970s and 1980s, which was fostered with technological 

development in productivity through ‘Green Revolution’, in 

the beginning. However, even after achieving self-sufficiency in 

staple crops, increase in rice production has continued due to 

heavily concentrated policies on rice subsidies and direct 
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payment programs. In 2017, 73% (154 billion won out of the total 

211 billion won) of agricultural direct payment were used for rice 

income compensation direct payment support, while only 27% of 

the budget remained for use in supporting FTA damage 

compensation, transferring cultivation crops, organic agricultural, 

scenery preservation and etc.  

<Table 2-3> Cultivation Acreage and the Rate of Utilization of 

Crops  

Unit: hectares (ha.), percentage (%)  

Year 2014 2015 2016 

Type Total Paddy Field Total Paddy Field Total Paddy Field 

Cultivation 
Acreage 

1,753
,878 

1,050
,232 

703,6
46 

1,682
,139 

950,6
44 

731,4
95 

1,680
,092 

913,3
71 

766,7
21 

Rate of 
Utilization 

109 118 99.4 107 110 103 104 104 104 

 

Staple 
Crops 

63.4 97.6 20.6 62.4 97.1 19.7 59.5 91.1 22.0 

 

Rice 51.1 91.7 0.1 50.7 91.9 0.2 48.2 85.5 3.8 

Barle
y 

2.4 3.6 0.8 2.8 4.0 1.4 2.9 4.3 1.3 

legu
mes 

5.6 1.3 10.9 4.4 0.7 8.9 3.8 0.6 7.6 

Cere
als 

1.8 0.3 3.6 1.9 0.2 4.0 1.8 0.3 3.7 

Starc
hes10 

2.6 0.6 5.2 2.5 0.3 5.2 2.8 0.4 5.6 

Vegetab
les 

17.9 8.6 29.6 17.1 5.7 31.1 16.2 4.6 30.1 

Cash 
Crops 

5.6 0.8 11.5 5.9 0.5 12.4 6.0 0.7 12.4 

Fruits 10.1 0.9 21.8 10.3 0.3 22.7 10.3 0.6 21.9 

The 
Others 

12.8 10.3 15.9 11.1 5.8 17.4 11.8 7.0 17.5 

Green 
house 

5.9 4.9 7.1 5.7 2.7 9.5 5.2 1.8 9.1 

Fallow 
Land 

39,73
3 

13,70
9 

26,02
4 

40,44
4 

13,26
3 

27,18
1 

51,71
0 

12,21
8 

39,49
2 

Source: KOSIS, ‘Statistics on Cultivation Acreage’, Each Year from 2014 

to 2016 (2017) 

                                           

10 Include potatoes and sweet potatoes. 
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The cultivation of staple crops, particularly rice, has been 

taking over more than 91.1% and 85.5% in paddies and 22% and 

3.8% in fields, respectively. Policies to foster transition into 

cultivating crops other than staple crops (rice, barley, legumes, 

cereals, potatoes and sweet potatoes) have been initiated several 

years ago, as a response to overflowing supply of rice. As a 

result, practically, the proportion of paddy has been decreasing 

steadily whereas the proportion of field has been increasing. The 

cultivation acreages of paddy took 59.88% in 2014, 56.51% in 

2015, and 54.36% in 2016, while the proportions of field were 

40.12% in 2014, 43.49% in 2015, and 45.64% in 2016, 

respectively. However, the problem with excess stock of rice has 

not been nullified 11  and is eliciting serious controversy on 

legitimacy and validity of allocation of the budget on subsidies. 

Other than staple crops, proportion of farmland used for 

vegetables has been the highest, followed by the others, fruits 

and cash crops. Although recent changes in the rate of cultivation 

acreage of vegetables, fruits and the others have been 

insignificant, that of cash crops has increased slightly. There has 

been a relatively vast increase in proportion of fallow land 

compared to the decrease in cultivation acreage and such trend 

indicates inefficient use of overall farmland and diminishment of 

                                           

11 The trend in rice consumption has been showing gradual decrease since 

1980s with the lowest amount of rice, 3,192,000 tons, consumed in 2016. Still, 

rice is being produced more than 4,000,000 tons annually, without much 

decrease in production or exits of farmers onto other crops’ cultivation. 

Excess stock of rice recorded the highest (2,200,000 tons) in 2017, which was 

2.8 times more than the recommended amount of rice stock suggested by UN, 

as a protection for food crisis. Additionally, 410,000 tons of rice has to be 

imported as a mandatory regulation from WTO, which adds on to the excess 

stock for the following year, if not consumed, exported, or thrown away.  
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agriculture and its economy. While various reasons, ranging from 

political issues to demographical changes, may account for the 

changes, continuous increase in the amount of unutilized farmland 

is clearly a problem that needs to be solved and improved. 

 

2.1.5  Roles of Agriculture 

 

According to KREI (Korea Rural Economic Institute), roles 

of agriculture in Korean economy can be summarized as follows: 

First, agriculture plays the role of producing and supplying 

food. Although South Korea has achieved self-sufficiency in rice 

– the staple grain – production in 1978 through the Green 

Revolution, self-sufficiency rate of food has continued to fall 

since then with increasing dependence on imports. The stable 

supply of food, confronting the increasing population and 

upcoming ‘food crisis’ suggested by the United Nations, has 

been firmly established as an important role to be played by 

agriculture. 

Second, agriculture contributes to the development of other 

industries. It has brought advancement of commerce and 

transportation in order to facilitate exchange of agricultural 

products with other necessities. Additionally, industrial crops 

and livestock products, as industrial raw materials, have led to 

development of manufacturing industry. The industry for the 

production of agricultural materials, such as fertilizer, 

agricultural chemicals, machineries, has been developing as an 

upstream industry, while, food industry, which processes and 
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distributes agricultural produce showed an enormous 

development as a downstream industry. 

Third, agriculture plays an important role in preserving and 

conserving the natural environment of the national territory. In 

the past, during the initial developing period, agriculture caused 

some serious environmental problems with pollution from the use 

of synthetic chemicals. Even so, there also were some positive 

effects in terms of environmental preservation. Recently, non-

economic functions of agriculture, such as flood control, water 

resource development, air purification, and land preservation 

have been emphasized globally. Evidences have also been found 

frequently on the economic values of such ‘public good’, 

which, nowadays, is valued much higher than the amount of 

agricultural production.  

Fourth, agriculture promotes preservation of genetic 

resources. These days, great emphasis is put on preserving 

biodiversity of species in order to compensate for the great loss 

in genetic biodiversity among global agricultural production, 

which plays an important role in both maintaining harmony of 

nature and in achieving serenity of the natural world. South 

Korea holds the world’s sixth largest genetic resources of 

plants with its four distinct seasons. With such resources, Korea 

holds a huge potential for the advancement in bioindustries 

(KREI, 2017). 

Lastly, agriculture promotes economic and social stability. 

Since food is an indispensable element for humans to live, decline 

of agriculture may result in decline of agriculture-related 

industries, making the nation’s economic and social life unstable. 
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In addition, agricultural industry is the main source of income and 

employment in rural areas. Thus, collapse in the agricultural 

industry may bring a collapse in rural communities as well. This 

may result in rapid influx of population to the urban areas and 

raise challenges in preservation of traditional culture and 

resources. The scenery of nature and value of the existence have 

been regarded as a root of nation, which can only be maintained 

through continuous conservation of agriculture, forestry, and 

fisheries. 

Particularly this study on agricultural corporations 

reiterates important roles of agriculture in production and supply 

of food, its contribution in development of other industries and 

promotion of economic and social stability. With the main 

objective of agricultural corporate system on enlarging size of 

farming entities and to systemize the structure, the agriculture 

is promoted and aimed to sustain in producing and supplying 

through increasing competitiveness within the globally opened 

market. Allowing agricultural sector to integrate with other 

industries benefits not only the agricultural households by 

increasing their income through adding value on their production, 

but also to related food industries by collaborating and 

strengthening relationships with each other. It has been known 

that closing of small-sized farms and their leaves from the 

industry due to insufficient profit and lack of competitiveness in 

the markets have been a major threat to both rural economy and 

societal food supply. Agricultural corporations, if operated 

effectively may bring back the economic and social stability, 

which has been missing lately.  

The share of food industry has been continuously growing, 
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and with the constant increase in population, the importance of 

agricultural production has been emphasized globally. On the 

contrary, the decline of rural population and economy due to 

intense urbanization has been threatening the sustainability of 

agricultural economy and activities in South Korea. In this 

context, increasing efficiency of agricultural corporations would 

not only stabilize the agricultural entities to have better profitable 

structure, but also in turn expand utilization of farmland and the 

size agricultural economy that would maintain rural community 

and therefore promote economic and social stability among both 

urban and rural regions.  

In the global open-market economy, strengthening social 

sustainability within domestic agriculture is crucial to enhance 

sovereignty over supply and price discretion among the market, 

since agriculture not only produce food, but also promotes 

development in other industries as a foundation. Regarding the 

topmost global issue – environmental sustainability, improving 

conditions of agricultural businesses would attract both pre-

existing and non-existing rural populations to return or 

participate in agricultural industry, vitalizing agrarian 

environment/villages and cultivating fallow land. Although 

methods used for production and technologies adopted for 

agricultural businesses may affect environment negatively, due 

to the increasing demand on environment-friendly produce and 

products and development of environ politics, inducing 

agricultural corporations for improvement in efficiency would 

definitely draw into environmentally sustainable country in a 

long-term. In this context, this study tackles operational 

conditions among agricultural corporations, which may seem far 
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behind making impact towards the goal of social and 

environmental sustainability, yet expected to be a steppingstone 

through improving economic conditions in agricultural industry 

step-by-step. 
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3. Agricultural Corporations in South Korea 

 

3.1  The Concept of Agricultural Corporate 

System 

 

‘Agricultural corporations’ are legal business entities 

established to promote specialized agri-business and to expand 

sizes and scales of farms in South Korea. Although the definition 

and effects of ‘corporate farming’ on agriculture are widely 

debated and criticized for dominating the global agri-food 

industry, ‘agricultural corporations’ is a different concept 

with its goals set more on enabling technological development, 

modernizing facilities, increasing access to information, and 

strengthening competitiveness of small-scale farms in South 

Korea (Park and Lim, 2014). Besides, after the introduction of 

agricultural corporate system, the supply chain has been 

transforming forward towards the vertical integration and 

expansion, which has been desired and suggested strongly for 

increasing efficiency among operation within agri-business 

entities. 

The institutional foundation of agricultural corporate 

system in South Korea was arranged for the first time with an 

enactment of “Act on the Special Measures for Development of 

Agricultural and Fishing Villages” in November, 1990. The 

objective of the enactment was to promote development and to 

improve living conditions among rural villages through reforming 

operational structures and to improve productivity of agriculture 
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and fishing industry. In this context, the newly introduced 

concept of ‘agriculture corporations’ – previously existed as 

‘trust-farming companies’ or ‘farming contracting 

companies’12 – made it feasible for ‘agricultural corporations’ 

to own arable land under the business, which was prohibited prior 

to the enactment. This reflects how the entire concept changed 

from non-agricultural corporations substituting and intervening 

agricultural businesses to building a structure that allows each 

farm household to become a member of an organized system that 

consists of other small-sized farms and promoting their overall 

growth through helping them cooperate with others more 

efficiently and expanding their business to sales and distribution. 

Thus, the enactment transformed agricultural economic structure 

towards benefits of rural villages and agricultural population 

through offering more opportunities and promoting participation 

in corporatizing (or enterprising) movement.  

Especially under the core development policies on 

corporatizing businesses and promoting full-time farm 

households directed by the government of Kim (1993 ~ 1998), 

agricultural industry in South Korea was induced into multi-

complex structure, incorporating front and back industries basing 

on agricultural production. Since then, requirements in 

                                           

12  ‘Trust-farming companies’  (also regarded as ‘ farming contracting 

companies’) refers to agricultural companies that offers technical services for 

farms with insufficient labor or facilities. However, due to many limitations and 

problems, including widening income disparity between farmers and the 

companies etc., the concept was newly legislated with the “Act on the Special 

Measures for Development of Agricultural and Fishing Villages” in 1990. The 

previous concept of ‘ trust-farming companies ’  was more towards 

independent agri-business firms to provide service as a substitute of 

insufficient ability of small-scale farms, instead of providing opportunity for 

the small-scale farms to overcome and develop self-sustainable structure. 
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establishing agricultural corporations have gradually eased off 

among the pre-existing limitations of amount of investment, 

representatives, characteristics of participants and etc. Along 

with the alleviations from the legislation, quite few cases 

appeared to be successful in vitalizing rural economy and 

therefore, the current MAFRA has been expanding the 

corporatization initiatives through various relative businesses 

and development plans. However, due to frequent insolvency and 

disparity between proprietors and rural residents or participants, 

the act on agricultural corporations is still in progress for on-

going development and restoration. 

The current statutory provision on agricultural corporate 

system regulates particulars from establishment objectives, 

qualifications of proprietors and members, business scale, and 

etc. to the dissolution of each entity in two compartmental 

structure: agricultural business corporation and farming 

association. Regarding the characteristics of each structure, 

‘agricultural business corporation’ follows commercial law as 

is prescribed under corporate management system, whereas 

‘farming association’ follows civil law as is regarded as part 

of cooperative management system. Under the common concept 

of ‘agricultural corporate system’, this can be interpreted in a 

way that ‘agricultural business corporations’ tend to be in 

market-led structure, while ‘farming associations’ constitute 

as government-led structure. The central and local governments 

are pledged to support agricultural corporations with various 

services under the “Farmland Act” and this differentiates the 

entire concept of participating in agricultural corporate system 

beyond operation as general corporative businesses (Park and 
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Lim, 2014). 

Technically under current circumstances, agricultural 

corporations in South Korea are classified into nine different 

classifications of business types. According to Statistics Korea, 

business classifications are defined with proportional annual 

sales of 50% or more in the corresponding sector and the 

classifications are as follows: (1) crop cultivation, (2) livestock 

production, (3) processing (both crop and livestock), (4) 

distribution (both retail and wholesale), (5) trust-farming (also 

regarded as ‘contract farming’), (6) agricultural services, (7) 

land sale/consignment sale, (8) agricultural tourism and farm 

restaurants, and (9) the others. <Figure 3-1> describes 

proportions of each classifications under division of operational 

structures. As presented in the figures, production (crop 

cultivation and livestock production; 30.69% and 26.62%), 

distribution (26.33% and 29.24%) and processing (19.54% and 

20.14%) dominate 76.6% and 76.0% in numbers among farming 

associations and agricultural business corporations, respectively.  

However, along with the transformation on agricultural 

administrative paradigm as mentioned above in <table 2-2>, 

more corporations have been providing more than one classified 

business services (or activities). Especially due to the focus on 

‘Smart (high-tech. and multifunctional)’ administration by 

Park (2013~2017), it has been even more promoted by the 

government recently to expand scales of businesses. This can be 

seen as a different movement compare to other developed 

countries in expansion on ranges of provided services instead of 

specializing in one sector. Nevertheless, this does not 

necessarily indicate drawbacks in operations connectedly with 
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<Figure 3-1> Proportions of Agricultural Corporations under 

Classifications 

Unit: % 

 

Source: KOSIS, ‘Statistics on Agricultural Corporations’, 2014 (2017) 

vertical integration, yet states that the classifications arranged 

by Statistics Korea (KOSTAT)13 do not limit corporations in 

diversifying and expanding its businesses inn size and scale. In 

fact, this let many agricultural corporations to offer services 

beyond its classifications and highlights the fact that 

consideration in set of business services provided by each 

corporation is extremely important in the analysis on efficiency 

and determinants, which are further discussed in chapter 4: 

methodology and variables.  

                                           

13 According to KOSTAT, the classification of each corporations is determined 

by proportion of sales. The classification with sales over 50% among the total 

sales of each corporation determines the type within statistics.  
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3.2  Definitions and Classifications 

 

‘Agricultural corporate system’ in South Korea differs in 

its objectives from the widely-known term of ‘corporate 

farming’ or ‘agricultural cooperatives’ and has two 

fundamental division in defining operational structures – the 

‘farming association’ and the ‘agricultural business 

corporation’. While the scope of research covers both of the 

operational structures, it is important to specify definitions to 

evaluate efficiency and discuss differences between the 

structural form of agricultural corporations. The following states 

definitions and presents differences in legislative characteristics 

to provide understandings on the general concept of each 

operational structures.  

 

3.2.1  Agricultural Business Corporations 

 

‘Agricultural Business Corporation’ refers to a 

corporative agricultural business entity established by a person 

(one or more people for Inc., two or more people for general 

partnership, and 2~50 people for limited liability company), who 

wants to run agricultural business that distributes, processes, or 

sell agricultural products or provides services for farmers, 

accordingly to the legal prescription on Presidential Decree. 

Besides, these corporations are also feasible in production and 

supply of agricultural input materials, seeds and saplings, 

machines and etc. While agricultural business corporations are 
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allowed to own, sell or purchase farmland, one-third of the 

executive members must have to be farmers to qualify the 

ownership (KOSIS, 2017; MAFRA, 2017). 

 

3.2.2  Farming Associations 

 

‘Farming Association’ refers to cooperative agricultural 

business entity established by farmers or farmers’ organization 

with five or more participants who are willing to produce, 

distribute, process, or export agricultural product as a union in 

order to increase productivity and efficiency, accordingly to the 

legal prescription on Presidential Decree. Feasible businesses 

for farming associations include cooperative shipping, processing, 

distributing and providing services for production activities and 

etc. Besides, these corporations can establish and operate joint-

use facilities for cooperative business purposes. Regarding the 

ownership of farmland, differently from agricultural business 

corporations, any farming associations are qualified to own, sell 

or purchase farmland (KOSIS, 2017; MAFRA, 2017). 

 

3.2.3  Agricultural Cooperatives 

 

‘Agricultural cooperatives’, although not considered as 

part of ‘agricultural corporations’, are organizations 

established for mutual dependence between economically small 

and weak farmers and consumers. The main objective is to 
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increase financial benefits by excluding pressure of large (major) 

companies and steps of middleman, and the cooperatives have 

been promoting small-scale farmers to either partially or 

entirely collaborate in production, processing, distribution and 

arrange channels for sales and consumption of consumers. As a 

structure of human relations and not of capital, agriculture 

cooperatives are operated under principles of democracy. In 

South Korea, the National Agricultural Cooperative Federation 

has been taking important roles in supporting agricultural 

producers with technical and financial activities. However, 

beyond the national federation, many independent agricultural 

cooperatives are being established, not only accordingly with the 

popularity in participation but also with the increasing demand of 

consumers. 

 

3.2.4  Comparisons between the Operational 

Structures 

 

<Table 3-1> compares characteristics of three operational 

structures in agri-business industry of South Korea. As 

mentioned above, legislative differences between ‘agricultural 

business corporation’, ‘farming association’ and 

‘agricultural cooperative’ are explained in detail and 

compared. While ‘agricultural corporation’ refers to 

‘agricultural business corporations’ and ‘farming 

associations’only, the additional explanation on agricultural 

cooperatives is to illustrate the entire operation of entities within 
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<Table 3-1> Legislative Characteristics of Agricultural 

Corporations 

Classification Agri. Biz. Corp. Farming Assn. Agri. Co-op. 

Statutory 

Provisions 

『Act on Promotion 

and Support of 

Agricultural 

Corporations』, 

『Framework Act on 

Agriculture and Food 

industry』 

『Act on Promotion 

and Support of 

Agricultural 

Corporations』, 

『Framework Act on 

Agriculture and Food 

industry』 

『Framework 

Act on 

Cooperatives』 

Objective 

Corporative 

management on 

agriculture 

Cooperative 

management on 

agriculture 

Promotion of 

welfare and 

satisfaction on 

economic, 

social and 

cultural 

demand 

Qualification 

of 

Establishment 

Agricultural producer 

organizations, and 

farmers 

Agricultural producer 

organizations, and 

farmers 

No Restriction 

Number of 

Initiator 

one or more for Inc., 

two or more for 

general partnership, 

and two to fifty for 

limited liability 

company 

Five or more members 

(unlimited liability) 

Five or more 

members 

(limited 

liability) 

Business 

Services 

Agricultural 

management; 

agricultural 

distribution, 

processing, sales and 

providing services for 

production activities; 

and subsidiary 

services on input 

materials, seeds and 

saplings, machines and 

etc. 

Agricultural 

management and 

subsidiary services; 

establishment and 

operation of joint-use 

facilities, cooperative 

shipping, processing, 

distributing; and 

providing services for 

production activities 

and etc. 

All sectors 

except for 

‘finance and 

insurance’ 

Ownership of 

Farmland 

Possible (only when 

one-third of executive 

members are farmers) 

Possible Not possible 

Applied 

Provisions 

Commercial law 

(regulation on 

corporations) 

Civil law (regulation on 

associative 

corporations) 

Commercial law 

(regulation on 

limited liability 

corporations) 

Source: Referred on Kim (2014) and the 『Act on Promotion and Support of 

Agricultural Corporations』 
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Korean agriculture and to provide intuition on the differences 

compare to foreign countries’ agricultural schemes. However, 

the main objective of <table 3-1> is to describe the legislative 

characteristics of ‘agricultural business corporations’ and 

farming associations’ analyzed in this study in detail. 

 



- 37 - 

3.3  Current Status on Agricultural Corporations 

 

The share of agricultural corporations has been increasing 

continuously after the introduction of 1990 and has shown even 

more rapid growth since 2010. In 2015, proportion of cultivation 

acreage and agricultural production produced by agricultural 

corporations occupied 3.6% and 11.6% respectively, among the 

entire agricultural sector. The number of agricultural 

corporations in 2015 accounted to be more than quintupled 

compared to the number in 2000 (3,366 in 2000 and 17,484 in 

2015). Total sales produced have multiplied more than 14 times 

from 2000 in 2015 (1,700 billion won in 2000 and 24,619 billion 

won in 2015). However, the average annual sales per each 

corporation have been decreasing recently, resulting at 8% in 

2015, which contradicts the main objective on enlarging scales 

and sizes. Moreover, the average number of employees per 

corporation has been decreasing, which indirectly adds on to the 

statements that agricultural corporations are diminishing (Kim et 

al., 2016; Cho et al., 2015; Yoon, 2015; Park and Lim, 2014; Lee 

et al., 2011; Lee, 2010).  

Following <figure 3-2> and <figure 3-3> demonstrates 

increases in number and total sales of agricultural corporations 

in South Korea from 2000 to 2015, respectively. Before the 

drastic increase in 2010, numbers of both farming associations 

and agricultural business corporations showed tardy changes. 

Especially for agricultural business corporations, there was 

slight decrease in number during 2000 and 2006. However, 

agricultural business corporations showed steady increase in 
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total annual sales even during the period of decrease in numbers. 

This implies that the increase in sales per each firm during the 

period can be interpreted in a way that the system has been 

improving performance of corporations even before 2010, 

although it appears insignificant and tardy.  

<Figure 3-2> The Number of Agricultural Corporations in South 

Korea (2000 ~ 2015) 

Unit: a site 

 

Source: KOSIS, ‘Statistics on Agricultural Corporations’, Each Year from 

2000 to 2015 (2017) 

Since 2010, both the numbers of farming associations and 

that of agricultural business corporations have been increasing 

steadily and more rapidly compared to the previous period. 

Farming associations have been dominating in a number of 

entities ever since the introduction of agricultural corporate 

system; yet the total sales of agricultural business corporations 

have overtaken the proportion in 2014, with total sales of 12,168 

billion won, while farming associations produced total sales of 

10,854 billion won. This demonstrates a transition of productivity 
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between two different operational structures, since it indirectly 

reflects that each agricultural business corporation went through 

faster development into more sales-producible structure 

compare to a single farming association.  

<Figure 3-3> Total Sales of Agricultural Corporations in South 

Korea (2000 ~ 2015) 

Unit: a billion won (￦) 

 

Source: KOSIS, ‘Statistics on Agricultural Corporations’, Each Year from 

2000 to 2015 (2017) 

Regarding the number of employees being affiliated to 

agricultural corporations 14 , similar growth appeared as the 

number of agricultural corporations increased except for a huge 

drop during the period of 2000-2002 as is presented in <figure 

3-4>. However, contrary to the objective of agricultural 

corporate system as mentioned above, the average number of 

employees per corporation has been slightly decreasing from 

                                           

14  The number of employees being affiliated to agricultural corporations 

includes full-time employed investors, full-time employees and part-time 

employees. 
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eight people per corporation on average to around six people per 

corporation over the last decade. Although not included in the 

figure, there were no significant difference in change in number 

of employees between the two different operational structures.  

<Figure 3-4> The Number of Employees in Agricultural 

Corporations (2000 ~ 2015) 

Unit: a person 

 

Source: KOSIS, ‘Statistics on Agricultural Corporations’, Each Year from 

2000 to 2015 (2017) 

Considering the increase in total sales made from the 

sectors as a whole, decrease in the number of employees per 

firm not be a concern since each firm has been becoming more 

efficient; however, with the objectives in enlarging scale and size 

of agri-businesses, this may be considered as an important 

pattern during the past development stages that cannot be 

ignored in discussion of seeking efficiencies within agricultural 

corporations. Additionally, steady decrease in size not only 

appeared in the number of employees but also in average sales 
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per each corporation (MAFRA, 2017).  

<Table 3-2> indicates changes in numbers and sales of 

agricultural corporations under business classifications in detail. 

Production corporations has been occupying the most in terms of 

number, followed by distribution and processing corporations. 

However, the total sales produced by each classification was 

different. Distribution corporations had the biggest sales, 

followed by processing and production corporations. Not much 

differences in trend under classifications were found, except for 

the fact that total sales of processing and distribution 

classifications among agricultural business corporations 

exceeded the total sales of the corresponding classifications in 

2015, although it fell far behind in its numbers. This implies that 

processing and distribution agricultural business corporations 

tend to be larger in sizes compared to the ones among farming 

associations, assuming from the amount of sales. 
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<Table 3-2> Numbers and Sales of Agricultural Corporations under Classifications  

Unit: a site, a billion won (￦)  

Classifications Farming Associations Agri. Biz. Corporations Total 

Year 2000 2005 2010 2015 2000 2005 2010 2015 2000 2005 2010 2015 

No. of Corp. 2,428 2,958 6,849 11,792 938 591 1,512 5,692 3,366 3,549 8,361 17,484 

 
P
ro

d
u
c
ti

o
n
 

Subtotal 1,150 1,290 2,633 4,230 275 255 479 1,787 1,425 1,545 3,112 6,017 

Crops - - - - - - - - - - - - 

Livestock - - - - - - - - - - - - 

 
O

th
e
r 

B
u
s
in

e
s
s
e
s
 Subtotal 1,278 1,725 4,485 7,562 663 517 1,133 3,905 1,941 2,242 5,618 11,467 

Processing 314 433 1,235 1,916 22 65 333 1,340 336 498 1,568 3,256 

Distribution 524 500 1,365 2,885 14 40 365 1,627 538 540 1,730 4,512 

Services 190 140 477 809 605 186 136 112 795 326 613 931 

Contract 

Farming 
- 57 269 693 - 181 100 102 - 238 369 795 

Others15 250 595 1,139 1,952 22 45 199 816 272 640 1,338 2,768 

                                           

15 The classification ‘others’ includes businesses on sale and rent of farmland, agritourism and restaurant services. This 

was defined in 2006 and the definition for previous years is unclear (KOSIS, 2017).  
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Total Sales 1,393 3,112 8,679 11,110 307 860 4,193 13,508 1,700 3,972 12,872 24,619 
 

P
ro

d
u
c
ti

o
n
 

Subtotal 579 982 2,206 3,192 156 262 1,088 2,991 735 1,244 3,294 6,183 

Crops - 326 977 1,885 - 41 190 838 - 367 1,167 2,723 

Livestock - 656 1,209 1,307 - 221 898 2,152 - 877 2,107 3,460 

 
O

th
e
r 

B
u
s
in

e
s
s
e
s
 Subtotal 814 2,130 6,473 7,918 151 598 3,104 10,517 965 2,728 9,577 18,435 

Processing 414 873 1,927 2,365 79 258 1,019 3,572 493 1,131 2,946 5,937 

Distribution 301 861 2,854 4,211 29 156 1,756 5,631 330 1,017 4,610 9,842 

Services 18 98 201 218 36 12 62 80 54 110 263 298 

Contract 

Farming 
- 16 48 124 - 12 17 51 - 28 65 175 

Others 80 297 1,490 1,123 7 172 268 1,233 87 469 1,758 2,356 

Source: KOSIS, ‘Statistics on Agricultural Corporations’, Each Year from 2000 to 2015 (2017) 
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<Table 3-3> presents the number of agricultural 

corporations under scales of sales and profits in between period 

of 2000 and 2015. Although not provided in the table, 

investigating the data in detail on yearly basis reveals several 

trends and patterns of farming associations and agricultural 

business corporations. Both sales and profits have been 

increasing overtime as shown in <figure 3-2> above. Proportion 

of farming associations has shown to be steadily polarizing 

towards range of ‘under 100 million’ and ‘over 1 billion’ in 

annual sales accounting 49.2% and 20.6% in 2015 respectively, 

with the proportion of ‘500~1,000 million’ decreasing 

overtime. Regarding the profits, farming associations in crisis of 

deficit appeared to increase recently with 37.1% (2000), 35.8% 

(2005), 38.2 (2010) and recording the highest of 47.7% in 2015. 

This indicates recent phenomenon of difficulties appearing in 

farming associations during the transition of agriculture into 

market-led structure beyond government’s support. 

On the other hand, among agricultural business corporations, 

the number of ‘over 1 billion’ has been kept fairly high during 

the recent decade with 15.8% (2000), 34.7% (2005), 42.2% 

(2010) and 36.0% (2015), whereas the number ‘below 100 

million’ recorded 35.6% in 2015 with some fluctuations in 

numbers (28.9% (2010), 32.4% (2005), and 54.0% (2000)). 

Proportion of agricultural 
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<Table 3-3> The Number of Agricultural Corporations under Scale of Sales and Profits 

Unit: a site, a billion won (￦)  

Classifications Farming Associations Agri. Biz. Corporations Total 

Year 2000 2005 2010 2015 2000 2005 2010 2015 2000 2005 2010 2015 

No. of Corp.16 1,249 1,905 5,675 8,700 272 275 1,334 5,158 1,521 2,180 7,009 13,858 

A
n
n
u
a
l 
S
a
le

s
 

~100 million 365 471 2,109 4,279 147 89 385 1,838 512 560 2,494 6,117 

100~500 413 529 1,374 1,823 74 66 253 1,004 487 595 1,627 2,827 

500~1,000 182 270 629 810 8 21 133 457 190 291 762 1,267 

1 billion ~ 289 635 1,563 1,788 43 99 563 1,859 332 734 2,126 3,64717 

P
ro

fi
ts

 

Deficit 463 682 2,168 4,148 102 104 519 2,131 565 786 2,687 6,279 

~100 million 644 972 2,819 3,687 150 119 526 1,915 794 1,091 3,345 5,602 

100~500 135 221 602 731 14 38 223 885 149 259 825 1,616 

500 million ~ 7 30 86 134 6 14 66 227 13 44 152 361 

Source: KOSIS, ‘Statistics on Agricultural Corporations’, Each Year from 2000 to 2015 (2017) 

                                           

16 The total number of agricultural corporations refers to the total number of ones that reported the final accounts.  

17 Number of agricultural corporations with sales of 1~2 billion, 2~5 billion, 5~10 billion, and 10 billion or more were 1,148 

(644 of F.A., 504 of A.B.C.); 1,357 (680 of F.A., 677 of A.B.C.); 640 (278 of F.A., 362 of A.B.C.); and 502 (186 of F.A., 316 

of A.B.C.) respectively. Number of corporations with annual sales over 1 billion were specified since 2011. 
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business corporations under deficit profits recorded the highest 

in 2015 with increasing numbers as well as appeared in farming 

associations, with 37.5% (2000), 37.8% (2005), 38.9% (2010), 

and 41.3% (2015). However, the proportion of corporations with 

profits ‘over 500 million’ appeared relatively high compare to 

the farming associations, with 2.2% (2000), 5.1% (2005), 4.9% 

(2010), and 4.4% (2015) in agricultural business corporations 

and 0.5% (2000), 1.5% (2005), 1.5% (2010), and 1.5% (2015) 

in farming associations. Considering comparably higher amount 

of total sales produced from agricultural business corporations, 

this indicates that few agricultural business corporations with 

topmost profits and sales may have huge impacts on the entire 

corporate scheme in agriculture of Korea. 

Statistically, to sum up, the share of agricultural corporation 

has been obviously increasing in the following areas: number of 

corporations, number of employees per corporation, and the 

amount of sales. Although production corporations have been 

dominating in number among classifications, total sales of 

distribution corporations have been the highest, followed by that 

of processing and production corporations. Operational structure 

did not demonstrate significant differences among the 

classifications, yet showed proportional concentration of farming 

associations with lesser range of annual sales and relatively 

higher proportion of agricultural business corporations with 

higher sales and profits. While decreases in the number of 

employees and annual sales per corporations may be 

controversial by means of absolute effect on efficiency, increase 

in proportion of agricultural corporations in deficits highlights 

needs for detailed analysis on performances and efficiencies of 
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agricultural corporations, and for proposals for operational and 

managerial improvement. 

 

3.4  Literature Review 

 

3.4.1  Agricultural Corporations 

      

In spite of the importance of agricultural corporations 

among the agri-food industry in South Korea, not much 

researches have been done on the subject. Most of the studies 

done on agricultural corporations (both agricultural business 

corporations and farming associations) in South Korea have 

assessed development process through general statistics and/or 

conducted qualitative research through surveys limited to a 

specific region. Few quantitative researches done on agricultural 

corporations include Lee (2010); Lee, Kim and Kwon (2011); 

Lee and Song (2011); Cho, Song and Jang (2015); Kim (2015) 

and Kim, Cho and Chang (2016). However, these literatures are 

incomprehensive for its limited use of methodologies and being 

done under fragmentary circumstances, lacking consideration in 

differences between DMUs.  

The most cognate literatures with this study are Lee (2010) 

and Lee, Kim and Kwon (2011). Lee (2010) measured efficiency 

of agricultural ‘distribution’ corporations using two-stage 

method of general BCC model in DEA and Tobit model for 

regression. On the other hand, with the same head author, Lee, 
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Kim and Kwon (2011) measured efficiency of agricultural 

‘production’ corporations using bootstrapped BCC and Tobit 

model for regression. Both literatures lacked in consideration on 

differences in efficiency among different operational structures 

and comparisons could not be made between the classifications. 

However, Lee (2010) and Lee, Kim and Kwon (2011) 

contributed in attempting quantitative analysis in two-stages to 

identify determinants of efficiency, yet applied two slightly 

different models on two different classifications separately, 

precluding comparisons. 

Lee and Song (2011) measured efficiency of agricultural 

corporations within Daegu-Gyeongbuk province using BCC 

model of DEA, yet without consideration in classifications and 

operational structures. Cho, Song and Jang (2015) measured 

efficiency of agricultural business ‘distribution’ corporations 

within Jeon-Buk province using BCC model of DEA, excluding 

farming associations. Similarly, Kim (2015) measured efficiency 

of agricultural business corporations within Jeon-Nam province 

– the neighboring province of Jeon-Buk province. Remarkably, 

efficiency estimated by Kim (2015) were measured separately 

on each classifications of production, processing, distribution, 

while lacked in consideration of farming associations. Besides, 

Kim, Cho, and Chang (2016) measured impacts of participation 

in agricultural corporation on farmers’ income through t-test 

and multiple regression. 

To sum up the outcomes driven from the quantitative 

studies mentioned above concluded that only a few corporations 

are being operated efficiently (Lee, 2010; Lee, Kim and Kwon, 

2011; Lee and Song (2011); Cho, Song and Jang, 2015; and Kim 



- 49 - 

(2015). Regarding returns to scale measured from scaled 

efficiency, it was asserted that more investment should be made 

in the sense of high proportion in IRS among most of the studies 

(Lee, Kim and Kwon, 2011; Lee and Song, 2011; Cho, Song and 

Jang, 2015; and Kim, 2015), whereas Lee (2010) concluded that 

68.7% of agricultural distribution corporations are DRS. 

Empirically, this implies possibilities in different characteristics 

between classifications. Along with Kim, Cho and Chang (2016), 

which presented positive impact of participation in agricultural 

corporation in agricultural income, it was asserted that 

identifying determinants of the efficiency is crucial to suggest 

initiatives for inefficient operational and managerial system.  

 

3.4.2  Efficiency Analysis 

 

Literatures on efficiency analysis offer a large variety of 

techniques in both parametric and nonparametric approaches. A 

parametric method is used when a production function that 

relates output produced with inputs consumed is known, whereas 

a non-parametric method is used when ex-ante knowledge of 

the causality relation is not available. DEA method used in this 

study is a non-parametric model, which has advantages in not 

necessary having to either assume any functional form of the 

production function or to specify any distribution function for 

inefficiencies. The parametric frontier approach, on the other 

hand, incorporates distributional assumptions, which cause an 

important problem since the results obtained are sensitive to the 

functional form selected. Moreover, albeit the main drawback of 
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the basic nonparametric models that may be sensitive to data 

errors and other stochastic noise as they are not explicitly 

defined within the model, the technique of mathematical 

programming of DEA allows the study of scale efficiency and 

returns to scale without the problematic sensitiveness.  

The concept of DEA was introduced by Farrell (1957) as a 

model for efficiency analysis and the model was restrictive with 

the assumption of constant returns to scale. Afterwards, Farrell 

and Fieldhouse (1962) extended it to allow non-decreasing 

returns to scale. Building on the ideas of Farrell (1957), the 

seminal work “Measuring the efficiency of decision making 

units” by Charnes, Cooper and Rhodes (1978) applied linear 

programming to estimate an empirical production technology 

frontier for the first time. As regarded as the most basic DEA 

model, Charnes et al. (1978) initially proposed the CCR model 

with consideration of CRS. This model yields an objective 

evaluation of overall efficiency and identifies the sources and 

estimates the amounts of the identified inefficiencies. 

Since then, there have been a large number of studies and 

journal articles written on DEA and have discussed issues with 

the application on some empirical analysis. Most efficiency 

studies with application of DEA roots in to the CCR proposed by 

Charnes et al. (1978), while there are several varieties proposed 

to fit in to specific analysis. BCC model (Banker et al., 1984) 

allows VRS and distinguishes between technical and scale 

inefficiencies by estimating pure technical efficiency at the given 

scale of operation and identifies whether increasing, decreasing, 

or constant returns to scale. The multiplicative models (Charnes 

et al., 1982, 1983) provide a log-linear envelopment or a 
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piecewise Cobb-Douglas interpretation of the production 

process. Differently with CCR and BCC models requiring to 

distinguish between input-oriented and output-oriented models, 

the additive model (Charnes et al., 1985) combines both 

orientations in a single model, relating the efficiency results to 

the economic concept of Pareto optimality. As a single scalar 

form of a measure for additive models, SBM (Slacks-Based 

Measure) model was introduced by Tone in 2001. Besides, there 

are FDH (Free Disposal Hull) by Deprins et al. (1984), DDF 

(Directional Distance Function) by Chung et al. (1997), 

Neighborhood Approach by Chavas and Kim (2015), which is a 

nonparametric approach under non-convexity and etc. 

Characteristics (strengths) of DEA that make it a useful tool 

are as following: (1) ability to handle multiple input and multiple 

output models, (2) no requirement of an assumption of a 

functional form relating inputs to outputs, (3) ability to directly 

compare DMUs against a peer of combination of peers, and (4) 

allowing inputs and outputs can have very different units (for 

example, 𝑥1 could be in units of monetary value saved and 𝑥2 

could be in units of square meter or a number of people etc., 

without requiring priori tradeoff between the two). However, the 

same characteristics that make DEA useful may also be 

problematic and there are several limitations to DEA. Noise, such 

as measurement error can cause significant problems since DEA 

is an extreme point technique. DEA is good at estimating 

‘relative’ efficiency of DMU, but hardly converges to 

‘absolute’ efficiency (in other words, it can tell how 

agricultural corporations are being operated compared to other 

agricultural corporations, yet not to a ‘theoretical maximum’). 
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Statistical hypothesis tests are difficult due to the feature of DEA 

as a nonparametric technique (Sexton, 1986). Still, earlier 

literatures with applications of DEA suggest that DEA can be a 

powerful tool when used wisely, keeping the limitations in mind 

when interpreting results (Wang et al., 1997).  

 

3.4.3  Differentiation 

 

While variety of literatures on agricultural corporations and 

cooperatives with different approaches are done around the 

world, quantitative studies done on agricultural corporations in 

South Korea are fragmentary and narrow in reflecting the entire 

scheme as mentioned above. Most efficiency analysis have been 

conducted on targeted parts of agricultural corporations, such as 

either single classification, single operational structure or within 

a particular region (province). Regarding methodologies used, all 

studies were done with application of general BCC model in DEA, 

although Lee, Kim and Kwon (2011) applied bootstrapping 

approach onto the BCC model. Analysis on determinants of 

efficiency were attempted in Lee (2010) and Lee, Kim and Kwon 

(2011), yet also appeared limitations in drawing comparisons 

between classifications.  

Accordingly, this study is differentiated in (1) taking 

account of differences in operational structures and business 

classifications, (2) applying different models (CCR, BCC, SBM 

and with bootstrapping) to compare and denote the most suitable 

approach, while also overcoming limitations in high impact of 
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noise within estimated efficiency by eliminating stochastic 

factors in dataset through bootstrapping, (3) conducting 

determinant analysis incorporating additional explanatory 

variables, and (4) conducting analysis over the national data as 

a whole to synthetically analyze operational circumstances of 

agricultural corporations with inclusion of the regional factors. 

Consequently, these considerations would enable this study to 

investigate the structural complication of the current agricultural 

corporate system as a whole and to provide applicable 

suggestions for development and improvement initiatives. 
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4. Data & Methodology 

 

4.1  Methodology 

 

4.1.1  Farrell’s Efficiency 

 

In previous literatures, many authors have not made any 

differences between productivity and efficiency, which can cause 

serious misunderstanding and statistical errors under different 

definitions and measurements (Färe et al., 1985). While the 

concept of both efficiency and productivity are similar, many 

researches have contributed in defining terms in different 

applications. Particularly, the term efficiency used in this study 

follows a definition stated by Farrell (1957). Farrell’s 

efficiency is distinguished from general concept of efficiency, by 

taking cost-minimization property of firms (agricultural 

corporations) into account and measuring firm’s success in 

choosing an optimal set of inputs with a given set of input prices. 

According to a classic definition (Salter et al., 1969), 

productivity is a ratio between output and the factors that made 

it possible. On the same context, the productivity of a production 

unit has been defined as a ratio of its output to input (Lovell, 

1993), which can be distinguished between a partial productivity, 

when it concerns a sole production factor, and a total factor 

productivity, when referred to all (every) factors. 
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Similarly, but not equally, efficiency can be described as a 

distance between the quantity of input and output, and the 

quantity of input and output that defines a frontier – the best 

possible frontier for a firm in its cluster (and or industry). While 

both are the concepts driven from utilization of inputs to produce 

outputs, measures of efficiency are more accurate than those of 

productivity in the sense that they involve a comparison with the 

most efficient frontier, and for that they can complete those of 

productivity, based on the ratio of outputs on inputs. 

Lovell (1993) defined the efficiency of production unit in 

terms of a comparison between observed and optimal values of 

its output and input. The comparison can take the form of the 

ratio of observed to maximum potential output obtainable from 

the given input, or the ratio of minimum potential to observed 

input required to produce the given output. In these two 

comparisons, the optimum is defined in terms of production 

possibilities, and the efficiency as technical (Färe et al., 1985). 

Koopmans (1951) provided a definition of what is referred 

as technical efficiency, where input-output vector can be 

regarded as technically efficient, if and only if, increasing any 

output or decreasing any input is possible only be decreasing 

some other output or increasing some other input. It has provided 

a way of differentiation efficient production units from inefficient 

ones; however, lacked in guidance on concerning either the 

degree of inefficiency of an inefficient vector or the identification 

of an efficient vector or combination of efficient vectors against 

which comparing an inefficient vector (Farrell, 1957; Charnes 

and Cooper, 1985). 
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The first measure of productive efficiency was provided by 

Debreu (1951) with coefficient of resource utilization. As a radial 

measure of technical efficiency, his measure focus on the 

maximum feasible equiproportionate reduction in all variable 

inputs, or the maximum feasible equiproportionate expansion of 

all outputs, while they are independent from unit of 

measurements.  

Applying the radical measures, results of the maximum 

feasible input contraction or output expansion suggest technical 

efficiency, although some slacks may remain in inputs and/or 

surpluses in output. In addition, the notion of efficiency is related 

to the concept of Pareto optimality in economics, where an 

input-output bundle can be referred as Pareto optimal only if 

there is no remaining opportunity for net increase in outputs or 

decrease in inputs. 

Extending the work initiated by Koopmans and Debreu, 

Farrell (1957) noted that production efficiency has a second 

component reflecting the ability of producers to select the 

“right” technically efficient input-output vector in light of 

prevailing input and output prices. This led Farrell to define 

‘overall productive efficiency’ as product of technical and 

allocative efficiency. Allocative efficiency, in economic theory, 

measures a firm’s success in choosing an optimal set of inputs 

with a given set of input prices. This is distinguished from the 

technical efficiency concept associated with the production 

frontier, which measures the firm’s success in producing 

maximum output from a given set of inputs. Consequently, 

Farrell’s technical efficiency represents the ability of a DMU to 

produce maximum output given a set of inputs and technology 
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(output-oriented) or, alternatively, to achieve maximum feasible 

reductions in input quantities given input prices and output 

(input-oriented) (Galanopoulos et al., 2006). With the 

consideration of cost-minimization in competitive inputs market, 

which implicit in the notion of allocative efficiency with specific 

behavioral assumption about goal of corporations, Farrell’s 

definition of efficiency could incorporate productivity, 

performance and profit on one hand, and reduction of costs on 

the other hand. 

 

4.1.2  Data Envelopment Analysis 

 

 The technique of DEA starts from selecting optimal 

decision-making units (DMUs) by applying inputs and outputs 

and composing efficiency frontier out of the selected DMUs. 

When the frontier is formulated, relative efficiencies are 

measured on each DMUs by calculating the distance between the 

frontier and individual DMUs. DEA, the non-parametric method 

of approach, carries several advantages as follows: (1) allows 

analysis on efficient input to output relationship by assuming 

production possibility sets without assuming either functional 

form of the production function or to specify any distribution 

function for inefficiencies, (2) offers an appropriate methodology 

for analysis on public sectors, which is difficult to evaluate prices 

and has uncertain input to output relationship, and (3) enables 

efficiency analysis with multiple inputs and multiple outputs 

without giving weights on variables. 
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With regarding to Farrell (1957), who indicated the inverse 

relationship between distance function and the efficiency 

measurement, DEA enables efficiency analysis through 

reflecting input requirement set or input distance function 

without imposing any constraints. The following <figure 4-1> 

describes the input-oriented efficiency measurement, applied in 

this study. 

<Figure 4-1> Description of Input-Oriented Efficiency 

Measurement Using DEA 

 

 

Suppose there are 𝑛  agricultural corporations, and an 

agricultural corporation with two input factors 𝑥1  and 𝑥2  put 

amount relevant to the point 𝑥𝐴 . In addition, the efficiency 

estimates of agricultural corporation 𝑖  resulting from linear 

programming models is stated as 𝜃𝑖 , (𝑖 = 1, 2, … 𝑛). Processing 

linear programming models of DEA forge the input requirement 

set as is indicated in a line consisted of isoquants, automatically 

letting the input requirement set 𝑉(𝑦) to carry convexity. Here, 

the input distance function of the agricultural corporation A is 

measured by 
0𝑥𝐴

0𝑥𝐷 (> 1), where the inverse of the distance function 

0𝑥𝐷

0𝑥𝐴 (< 1) becomes the value of 𝜃𝐴. 
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With regarding to Farrell (1957), Charnes et al. (1978) 

(CCR) conceived a methodology to measure distance function 

and pursuantly the technical efficiency using linear programming 

under assumption of constant returns to scale. Banker et al. 

(1984) (BCC) extended the CCR model to allow variable returns 

to scale and showed that solutions to both CCR and BCC allowed 

a decomposition of technical efficiency into pure technical and 

scale components. The Technical efficiency (TE) is meant to be 

a measurement on how efficient inputs are converted into outputs 

during process of production and can be divided into pure 

technical efficiency (PTE) and scale efficiency (SE). Pure 

technical efficiency refers to the technical efficiency with 

elimination of scale effect, and scale efficiency measures how 

DMUs perform under benefits of scale during the production 

process. Furthermore, Charnes et al., (1985) have proposed a 

single model in combination of both orientations, called additive 

model; and the SBM, introduced by Tone (2001), refers to a 

single scalar form of a measure for additive models. The 

following section describes the mathematical methodologies 

applied in this study. 

 

4.1.2.1 CCR Model 

 

Suppose there are 𝑛  evaluand agricultural corporations 

(DMUs) and that each agricultural corporation can produce 𝑦 

outputs with 𝑥  inputs. Here, production possibility set of an 

agricultural corporation with inputs vector 𝑥 ∈ 𝑅+
𝑝
 and outputs 

vector 𝑦 ∈ 𝑅+
𝑞
 can be expressed as follows: 
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ψ = {(𝑥, 𝑦) ∈ 𝑅+

𝑝+𝑞
𝑐𝑎𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑒 𝑦}  

 where 𝑝 and 𝑞 represent the number of inputs and outputs, 

respectively. 

(1) 

In this case, efficiency can be measured by ratio of inputs to 

outputs and the ratio turns into an objective function of 

maximizing problem. Additionally, suppose the symbols and 

notations are listed as follows:  

DMU𝑖: the 𝑖th DMU,       𝑖 = 1, 2, … 𝑛  

DMU0: the target DMU  

𝑥𝑖 = (𝑥𝑖1 , 𝑥𝑖2, … , 𝑥𝑖𝑝): the inputs vector of DMU𝑖 ,       𝑖 = 1, 2, … 𝑛          

𝑥0 = (𝑥01, 𝑥02, … , 𝑥0𝑝): the inputs vector of  the target DMU0  

𝑦𝑖 = (𝑦𝑖1, 𝑦𝑖2 , … , 𝑦𝑖𝑞): the outputs vector of DMU𝑖 ,       𝑖 = 1, 2, … 𝑛          

𝑦0 = (𝑦01, 𝑦02, … , 𝑦0𝑞): the outputs vector of  the target DMU0  

𝑢 ∈ 𝑅𝑝×1: the vector of input weights  

𝑣 ∈ 𝑅𝑞×1: the vector of output weights  

 

The most basic DEA model (CCR) that was initially 

proposed by Charnes et al. in 1978 is as follows: 

 
max

𝑢,𝑣
𝜃 =

𝑣𝑇𝑦0
𝑢𝑇𝑥0

⁄    

s. t.      𝑣𝑇𝑦𝑗 ≤ 𝑢𝑇𝑥𝑗,       𝑗 = 1, 2, … , 𝑛   

            𝑢 ≥ 0   

            𝑣 ≥ 0.  

(2) 

The constraints mean that the ratio of “virtual outputs” versus 

“virtual inputs” should not exceed 1 for every DMU. The 

objective is to obtain the ratio of the weighted output to the 
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weighted input weights. By virtue of the constraints, the optimal 

objective value θ
∗
 is at most 1. However, mathematically, the 

nonnegativity constraint is not sufficient for the fractional terms 

to have a positive value. Therefore, instead, assume that all 

outputs and inputs have some nonzero value and this is to be 

reflected in the weights 𝑣 and 𝑢 being assigned some positive 

value. In fact, this can be also interpreted as assuming that every 

agricultural corporation should carry at least one input and output 

with positive (+) values. 

Given the data, efficiency of each DMU are measured once 

and hence need 𝑛  optimizations, one for each DMU to be 

evaluated. Given the fractional program of equation (1), the dual 

problem of replaced linear program with a real variable θ and a 

nonnegative vector of intensity variables λ = (𝜆1, 𝜆2, … , 𝜆𝑛) is as 

follows:  

 𝜃 = minθ   

s. t.      ∑ 𝑥𝑖𝑗
𝑛
𝑗=1 𝜆𝑗 ≤ 𝜃𝑥𝑖0,       𝑖 = 1, 2, … , 𝑝   

             ∑ 𝑦𝑟𝑗
𝑛
𝑗=1 𝜆𝑗 ≥ 𝑦𝑟0,       𝑟 = 1, 2, … , 𝑞   

             𝜆𝑗 ≥ 0,      𝑗 = 1, 2, … , 𝑛. 

(3) 

The equation (3) of dual model has a feasible solution 𝜃∗ =

1 , 𝜆0
∗ = 1 , 𝜆𝑗

∗ = 0 (𝑗 ≠ 0) . Hence, the optimal value 𝜃∗  is not 

greater than 1. The optimal solution, 𝜃∗ , yields an efficiency 

score for a particular DMU. The process is repeated for each 

DMU𝑗, 𝑗 = 1, 2, … , 𝑛. Agricultural corporations (DMUs) with 𝜃∗ < 1 

represent inefficiency, while the agricultural corporations 

(DMUs) for which 𝜃∗ = 1 are boundary points. The λ, as sort of 

a weight assigned for each agricultural corporation, the value 
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gets determined endogenously. 

Some boundary points may be “weakly efficient” 

because there are nonzero slacks. However, this can be avoided 

by taking maximal values of the slacks into account. 

Consequently, the input-oriented CCR model can be expressed 

as follows: 

 minθ − ε (∑ 𝑠𝑖
−𝑚

𝑖=1 + ∑ 𝑠𝑟
+𝑠

𝑟=1 )   

s. t.      ∑ 𝑥𝑖𝑗
𝑛
𝑗=1 𝜆𝑗 + 𝑠𝑖

− = 𝜃𝑥𝑖0,       𝑖 = 1, 2, … , 𝑝   

             ∑ 𝑦𝑟𝑗
𝑛
𝑗=1 𝜆𝑗 − 𝑠𝑟

+ = 𝑦𝑟0,       𝑟 = 1, 2, … , 𝑞   

             𝜆𝑗 ≥ 0,      𝑗 = 1, 2, … , 𝑛. 

where 𝑠𝑖
−  and 𝑠𝑟

+  represent output and input slacks, 

respectively, and ε > 0  is a so-called non-Archimedean 

element defined to be smaller than any positive real number. 

(4) 

Here, the performance of agricultural corporation (DMU0) is fully 

(100%) efficient if and only if both (1) 𝜃∗ = 1 and (2) 𝑠𝑖
−∗ ≠ 0 

and/or 𝑠𝑟
+∗ ≠ 0 for some 𝑖 or 𝑟 in some alternate optima.18 

 

4.1.2.2 BCC Model 

 

The input-oriented BCC model proposed by Banker et al. 

in 1984 evaluates the efficiency of DMU0 by solving the following 

linear program:  

                                           

18 Methodology on CCR model refer to Farrell (1957), Charnes et al. (1978), 

and Wen, M. (2015). 
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 𝜃𝐵 = minθ   

s. t.      ∑ 𝑥𝑖𝑗
𝑛
𝑗=1 𝜆𝑗 ≤ 𝜃𝑥𝑖0,       𝑖 = 1, 2, … , 𝑝   

             ∑ 𝑦𝑟𝑗
𝑛
𝑗=1 𝜆𝑗 ≥ 𝑦𝑟0,       𝑟 = 1, 2, … , 𝑞   

  ∑ 𝜆𝑘
𝑛
𝑘=1 = 1  

             𝜆𝑘 ≥ 0,      𝑘 = 1, 2, … , 𝑛. 

(5) 

Like the preceding CCR model with the consideration of nonzero 

slacks, following presents a BCC linear program in which slacks 

are taking to the maximal values. 

 minθ − ε (∑ 𝑠𝑖
−𝑚

𝑖=1 + ∑ 𝑠𝑟
+𝑠

𝑟=1 )   

s. t.      ∑ 𝑥𝑖𝑗
𝑛
𝑗=1 𝜆𝑗 + 𝑠𝑖

− = 𝜃𝑥𝑖0,       𝑖 = 1, 2, … , 𝑝   

             ∑ 𝑦𝑟𝑗
𝑛
𝑗=1 𝜆𝑗 − 𝑠𝑟

+ = 𝑦𝑟0,       𝑟 = 1, 2, … , 𝑞   

  ∑ 𝜆𝑗
𝑛
𝑗=1 = 1  

             𝜆𝑗 ≥ 0,      𝑗 = 1, 2, … , 𝑛 

 𝑠𝑖
− ≥ 0,      𝑖 = 1, 2, … , 𝑝 

 𝑠𝑟
+ ≥ 0,      r = 1, 2, … , q. 

(6) 

If an optimal solution (𝜃𝐵
∗ , 𝑠−∗, 𝑠+∗) obtained in the two-

phase process for model (5) satisfies 𝜃𝐵
∗ = 1 and has no slacks  

𝑠−∗ + 𝑠+∗ = 0, then the DMU0 is called BCC-efficient. A difference 

between the CCR model and BCC model is the existence and the 

nonexistence of the constraint   ∑ 𝜆𝑗
𝑛
𝑗=1 = 1. With the additional 

constraint, BCC model increases the feasible region for the 

corporations from the convex hull in the BCC model to the conical 

hull in the CCR model. This increment of the feasible region for 

the BCC model presents the allowance of variable returns to 

scale: increasing returns to scale (IRS), constant returns to scale 
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(CRS), and decreasing returns to scale (DRS).19 

 

4.1.2.3 SBM Model 

 

The preceding CCR and BCC models require to distinguish 

between input-oriented and output-oriented models. However, 

additive model (Charnes et al., 1985) is a combination of both 

orientations, without requiring the designation. The SBM 

(Slacks-Based Measure) is a way to assume a form of a scalar 

so that same efficiency value can be yielded when unit changes 

in additive model. More generally, this is to yield same measure 

when 𝑥𝑖𝑗  are replaced by 𝑘𝑖𝑥𝑖𝑗  and 𝑦𝑟𝑗  are replaced by 𝑐𝑟𝑦𝑟𝑗 , 

where 𝑘𝑖  and 𝑐𝑟  are arbitrary positive constants, 𝑖 = 1,2, … , 𝑝 , 

and 𝑗 = 1,2, … , 𝑞. This property is known as “dimension free” 

and “unit invariant” (Thrall, 1996).  

The SBM model has two important properties. First, the 

measure is invariant with respect to the unit of measurement of 

each input and output item (unit invariant), and second, the 

measure is monotone decreasing in each input and output slack 

(monotone). Accordingly, the fractional program to estimate 

efficiency is formulated as follows:  

 
min 𝜌 =

1−
1

𝑝
∑ 𝑠𝑖

− 𝑥0𝑖⁄𝑝
𝑖=1

1+
1

𝑞
∑ 𝑠𝑗

+ 𝑦0𝑗⁄
𝑞
𝑗=1

   

s. t.      ∑ 𝑥𝑘𝑖
𝑛
𝑘=1 𝜆𝑘 = 𝑥𝑜𝑖 − 𝑠𝑖

−,       𝑖 = 1, 2, … , 𝑝   

(7) 

                                           

19 Methodology on BCC model refer to Banker et al. (1984) and Wen, M. (2015). 
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             ∑ 𝑦𝑘𝑗
𝑛
𝑘=1 𝜆𝑘 = 𝑦0𝑗 + 𝑠𝑗

+,       𝑗 = 1, 2, … , 𝑞   

 𝜆𝑘 ≥ 0,      𝑘 = 1, 2, … , 𝑛 

  𝑠𝑖
− ≥ 0,      𝑖 = 1, 2, … , 𝑝 

  𝑠𝑗
+ ≥ 0,      𝑗 = 1, 2, … , q. 

In this model, assumption is made on 𝑥𝑘 ≥ 0, where 𝑘 = 1, 2, … , 𝑛. 

If 𝑥0𝑖 = 0, the term 𝑠𝑖
− 𝑥0𝑖⁄  in the objective function is deleted. 

Also, if 𝑦0𝑗 ≤ 0, 𝑦0𝑗 is replaced by a very small positive number 

so that the term 𝑠𝑖
− 𝑥0𝑖⁄  plays a role of penalty20.  

Two properties of unit invariance and monotonicity are 

readily verified in the model. The objective function value 𝜌 

satisfies the unit invariance because the numerator and the 

denominator are measured in the same units for every item in 

the objective of equation (7). The monotonicity is proven as an 

increase in either 𝑠𝑖
− or 𝑠𝑗

+, all else held constant, will decrease 

this objective value, and indeed, do so in a strictly monotone 

manner. 

Furthermore, 0 ≤ 𝜌 ≤ 1  and the formula for 𝜌  in the 

equation (7) can be transformed into the following equation. 

 
𝜌 = (

1

𝑝
∑

𝑥0𝑖−𝑠𝑖
−

𝑥0𝑖

𝑝
𝑖=1 ) (

1

𝑞
∑

𝑦0𝑗+𝑠𝑗
+

𝑦0𝑗

𝑞
𝑖=1 )

−1

 . (8) 

                                           

20 As one of a certain class of algorithms for solving constrained optimization 

problems, penalty method replaces a constrained optimization problem by a 

series of unconstrained problems, whose solutions ideally converge to the 

solution of the original constrained problem. The unconstrained problems are 

formed by adding a term, called a penalty function, to the objective function that 

consists of a penalty parameter multiplied by a measure of violation of the 

constraints. The measure of violation is nonzero when the constraints are 

violated and is zero in the region where constraints are not violated. 
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The ratio 
𝑥0𝑖−𝑠𝑖

−

𝑥0𝑖
 evaluates the relative reduction rate of 

input 𝑖, and therefore, the first term, 
1

𝑝
∑

𝑥0𝑖−𝑠𝑖
−

𝑥0𝑖

𝑝
𝑖=1 , corresponds to 

the mean proportional reduction rate of inputs or input mix 

inefficiencies. Similarly, the ratio 
𝑦0𝑗+𝑠𝑗

+

𝑦0𝑗
 among the second term 

evaluates the relative proportional expansion rate of output 𝑗, 

and 
1

𝑞
∑

𝑦0𝑗+𝑠𝑗
+

𝑦0𝑗

𝑞
𝑖=1  refers to the mean proportional rate of output 

expansion. However, the equation carries an inverse to the 

second term, which turns it into measurements of output mix 

inefficiency. Consequently, 𝜌 can be interpreted as the ratio of 

mean input and output mix inefficiencies, where in fact, if DMUA 

dominates DMUB so that 𝑥𝐴 ≤ 𝑥𝐵 and 𝑦𝐴 ≥ 𝑦𝐵, then 𝜌𝐴
∗ ≥ 𝜌𝐵

∗ . Just 

like CCR and BCC models, DMU0 is SBM-efficient if and only if 

𝜌∗ = 1, where 𝜌∗ = 1 is the optimal value of the equation (8).21  

 

4.1.2.4 DEA-Bootstrap Approach 

 

The approach to perform the desired inference is to 

bootstrap the DEA estimator. The bootstrap is a computationally 

intensive general method that relies on idea to perform statistical 

inference in various problems where the analytical properties of 

the considered estimator is unknown or hard (or even impossible) 

to derive analytically. The idea in the bootstrap method, 

                                           

21 Methodology on SBM model refers to Charnes et al. (1985), Tone (2001), 

Thrall (1996) and Wen, M. (2015). 
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introduced by Efron (1979) is to resample the estimator and use 

the empirical distribution of the resampled estimates to calculate 

bootstrap confidence intervals or to construct bootstrap 

hypotheses tests to perform the desired statistical inference 

(Lothgren, 1998).  

Since the DEA approach has been pointed out for non-

considering effects of stochastic variables, Simar and Wilson 

(1998, 2000a, and 2000b) suggested bootstrapping technique 

onto DEA models. For example, if an abnormal observation with 

very little input gets included in analysis, the outcome may 

measure all other agricultural corporations to have inefficiencies 

due to the one mistaken observation. The bootstrapping approach, 

as a solution to the problem, is a way to derive distribution of the 

estimated efficiency score by resampling the data.  

Suppose the data is resampled 𝑏 = 1, 2, … , 𝐵 times, and that 

the efficiency score of ith agricultural corporation driven from the 

resampled data is 𝜃𝑖
∗̂. Suppose the unobserved actual efficiency 

as 𝜃𝑖, and the sample estimator as 𝜃�̂�. If the resampling reflects 

the characteristics of original data well, estimates would appear 

(𝜃𝑖
∗̂ − 𝜃�̂�)~(𝜃𝑖

∗̂ − 𝜃𝑖) (Simar and Wilson, 1998); therefore, the bias 

resulting from the bootstrapping, 𝐸(𝜃𝑖
∗̂) − 𝜃�̂� =

1

𝐵
∑ 𝜃𝑖𝑏

∗̂ − 𝜃�̂�
𝐵
𝑏=1 =

𝜃𝑖
∗̅̅ ̅ − 𝜃�̂� , can be utilized instead of the bias from the original 

estimator 𝐸(𝜃�̂�) − 𝜃𝑖. This way, efficiency estimator with the bias 

eliminated can be obtained as the following 𝜃�̃�, as well as the 

standard deviation (= 𝑠𝑒�̂� ) and the confidence interval of 

estimators. 

     𝜃�̃� = 𝜃�̂� − 𝑏𝑖𝑎𝑠�̂� = 2𝜃�̂� − 𝜃𝑖
∗̅̅ ̅  (9) 
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    𝑠𝑒�̂� = {
1

𝐵−1
∑ (𝜃𝑖𝑏

∗̂ − 𝜃𝑖
∗̅̅ ̅)

2𝐵
𝑏=1 }

1/2

. 

The crucial step in any application of the bootstrap is a clear 

specification of the data generating process (DGP) underlying 

the observed data. The performance of the bootstrap in terms of 

the validity of the conducted statistical inference, such as the 

driven estimator 𝜃�̃� in equation (9) ultimately hinges on how well 

the DGP characterizes the true data generation and how well the 

DGP is mimicked in the resampling simulation. A common method 

is to sample the observation (𝑦𝑖, 𝑥𝑖) with replacement, yet Simar 

and Wilson (1998) points out that the objective on cutting the 

given 𝑦𝑖  producible inputs back to the square one may be 

ignored in the process. Thus, Simar and Wilson (1998) resolves 

the issue by resampling the efficiency estimate 𝜃, instead of the 

observations. According to the authors, the resampling method 

satisfies the consistency as (𝜃𝑖
∗̂ − 𝜃�̂�)~(𝜃𝑖

∗̂ − 𝜃𝑖). The resampling 

DGP in the process of efficiency estimation is as follows: 

1. Derive 𝜃�̃� from each (𝑥𝑖, 𝑦𝑖 ) using general DEA models of 

equation (3), (5) or (7) (𝑖 = 1, 2, … , 𝑛). 

2. Apply a distribution function, such as the nonparametric 

Kerner distribution function, on the driven 𝜃�̃�s to extract I 

number of 𝜃1𝑏
∗ , 𝜃2𝑏

∗ , … , 𝜃𝐼𝑏
∗ . 

3. Derive new input factors as 𝑥𝑏
𝑖∗ = (𝜃�̂� 𝜃𝑏

𝑖∗̂⁄ )𝑥𝑖 regarding each 𝑦𝑖 

(𝑖 = 1, 2, … , 𝑛). 

4. Substitute the driven 𝑥𝑏
𝑖∗  in equation (3), (5), or (7) and 

obtain the new efficiency estimate 𝜃𝑖𝑛𝑒𝑤
∗̂  (𝑖 = 1, 2, … , 𝑛). 

5. Repeat the steps 2 ~ 4 B times and derive a set of 
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bootstrapped efficiency estimates {𝜃𝑏
∗̂,      𝑏 = 1, 2, … 𝐵}. 

This study has applied the method above in order to derive bias-

adjusted efficiency estimates, yet with 2,000 extractions (B).22 

 

4.1.3  Tobit Analysis 

 

Differences of efficiency among agricultural corporations 

are measured and compared with the first-stage of Date 

Envelopment Analysis using three different models. Additionally, 

second-stage of analysis is conducted to identify determinants 

of the driven efficiencies. With the efficiency estimates as an 

independent variable, regression is conducted to investigate how 

various dependent variables affect the efficiency scores of 

agricultural corporations. 

In this study, the values of independent variables are limited 

between scores of 0 and 1. According to Park (2010), efficiency 

estimates hold characteristic of censoring from above (or right-

censoring 23 ), which may derive inconsistent coefficient 

estimates if analyzed with a general regression model due to the 

difference in distribution structure 24 . Thus, Tobit regression 

                                           

22 Methodology on DEA-Bootstrap Approach refer to Simar and Wilson (1998, 

2000a, and 2000b), and Kwon and Kim (2009). 

23 Censoring from above (or right-censoring) in dependent variables takes 

place when cases with a value are at or above some threshold, all take on the 

value of that threshold, so that the true value might be equal to the threshold, 

but it may also be higher.  

24 General Regression model assumes normal distribution. 
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model, proposed by James Tobin (1958), is applied instead of 

the general OLS (Ordinary Least Squares) model. The Tobit 

model, also called a censored regression model, is designed to 

estimate linear relationships between variables when there is 

either left- or right-censoring in dependent variables and 

permits analyzing of the dependent variables with zero at the 

lowest value as from censored data, without violating the 

continuity and unboundedness assumptions on dependent 

variables in OLS model. Particularly, two-limit Tobit (a model 

for data censored from both sides) is applied as the efficiency 

estimate of 𝑖𝑡ℎ  agricultural corporation is used for the 

independent variable with a value between 0 and 1 (𝑖 = 1, 2, … , 𝐼). 

 𝑦𝑖
∗ = 𝛼 + 𝑋𝑖𝛽 + 𝜀𝑖 ,       if  0 < 𝑦𝑖

∗ ≤ 1  

𝑦𝑖 = 𝑦𝑖
∗ = 1,                   if  𝑦𝑖

∗ > 1  

𝑦𝑖 = 𝑦𝑖
∗ = 0,                   if  𝑦𝑖

∗ < 0, 

where 𝛼  represents constant, 𝑋𝑖  refers to explanatory 

variables affecting the efficiency, 𝛽 measures coefficient of 

the explanatory variables and 𝜀𝑖  presents error term of 

normal distribution. 

(10) 

The 𝑦𝑖
∗, as a latent independent variable of the efficiency 

estimate of 𝑖𝑡ℎ  agricultural corporation, observes values 

between 0 and 1, where values bigger than 1 are observed as 1 

and values smaller than 0 are observed as 0. Moreover, since the 

Tobit model applies MLE (Maximum Likelihood Estimation), 

assume that the error term 𝜀𝑖~𝑁(0, 𝜎2)  follows normal 

distribution. 
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4.2  Data & Variables 

 

4.2.1  Data 

 

This study is based on 『Investigation on Agricultural 

Corporations』 of the year 2014, provided by KOSIS25. As an 

annual data, the data has been collected since 2000 in objectives 

to understand conditions and trends in structure of production, 

operation and management among the agricultural corporations 

in South Korea and to provide preliminary data for agricultural 

policy making and development in related researches. Among the 

total data collected on 15,044 agricultural corporations (4,781 

agricultural business corporations and 10,262 farming 

associations), 14,085 agricultural corporations (4,781 

agricultural business corporations and 9,304 farming 

associations) are considered in this study, excluding any data 

with omissions and errors.  

Although agricultural corporations in South Korea are 

                                           

25  Since 2015, jurisdiction over the data collection has changed into two 

separate organizations of Rural Development Administrations and National Tax 

Service (for annual sales). While the most recent data published at this point 

of 2017 is on the year of 2015, matching information between two data were 

not feasible, due to limited access on identification code of each agricultural 

corporation. Thus, data provided by KOSIS on the year of 2014 is used for this 

study. 
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classified into nine classifications 26 , three major types 27  – 

production, processing and distribution – are focused in the 

analysis on determinants of efficiency. The selection was made 

from due to different characteristics in production (profit-

making) structure between the major three business 

classifications and the others. While agricultural production, 

processing and distribution corporations base their businesses 

on transaction or processes over tangible agricultural produce, 

other classifications tend to created profit through agricultural 

services. Therefore, concerning large gap between allocation of 

resources and decision-making processes among DMUs, data on 

10.914 agricultural production (4,461), processing (3,154) and 

distribution (4,100) corporations are employed in the second 

stage of Tobit analysis. Nevertheless, all classifications are 

discussed in advance to the implementation of statistical models 

in order to provide understanding on the circumstance of the 

agricultural corporate system and incorporated for measuring 

efficiency of agricultural corporations in South Korea. 

 

4.2.2  Variables 

                                           

26  Nine classifications stated by Statistics Korea (KOSIS) are (1) crop 

cultivation, (2) livestock production, (3) processing (both crop and livestock), 

(4) distribution (both retail and wholesale), (5) trust-farming (also regarded 

as ‘contract farming’), (6) agricultural services, (7) land sale/consignment 

sale, (8) agricultural tourism and farm restaurants, and (9) the others. 

27 According to the Ministry of Agriculture, Food and Rural Affairs (MAFRA), 

the number of agricultural corporations under major activities in production 

were 4,461 (29.7%), 4,100 (27.3%) in distribution and 3,154 (21.0%) in 2016 

(MAFRA, 2017). 
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This study applies two-stage analysis, consisted of 

efficiency (DEA-bootstrapping) and the determinants analysis 

(Tobit model). Variables applied in the efficiency analysis are 

divided into output and input factors, as listed in <table 4-1>. 

Basing on variables selected in related previous literatures28, the 

list has been made using the best resources out of the given data. 

‘Annual sales’ is used as a single output factor, and the multi-

inputs include ‘assets’, ‘capital’, ‘liability’, 

‘investment’, ‘cultivation acreage’, ‘cost of sales’, 

‘operational expenses’, and ‘number of employees’. 

<Table 4-1> Variables Applied in Efficiency Analysis 

Classifications Descriptions 

Output Annual Sales 
Total sales of year 2014, reported by each 

agricultural corporation 

Inputs 

Assets 
Includes monetary value of tangible and 

intangible assets 

Capital 
Includes capital stock (equity capital), capital 

surplus and earned surplus 

Liability Includes current and non-current liabilities 

Investment Total of other equity investments 

Cultivation 

Acreage 

Total cultivation acreage (m2), including both 

rented and owned lands 

Cost of Sales 
Total expenses made in purchasing goods for 

production of sales 

Operational 

Expenses 

Total of operational (management) expenses, 

including salary, tax & dues, rent, depreciation 

cost and etc. 

No. of 

Employees 

Includes full-time employed investors, full-

time employees and part-time employees  

 

                                           

28 As output variables, ‘annual sales’ has been used most frequently with 

seldom use of ‘net income’ in studies on countries outside South Korea. For 

input factors, ‘operational expenses’, ‘number of employees’, ‘cost of 

sales’ has been used most frequently in previous literatures (Kim et al., 2016; 

Cho et al., 2015; Yoon, 2015; Park and Lim, 2014; Lee et al., 2011; Lee, 2010). 
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Variables applied in the determinants analysis are divided 

in response (dependent) variable and explanatory variables as 

presented in <table 4-2>. For the response variable, the 

efficiency estimates driven from the first-stage efficiency  

<Table 4-2> Variables Applied in Determinants Analysis 

Classifications Descriptions 

Response 

Variable  

Efficiency 

Score 

The efficiency estimates on each agricultural 

corporation, measured from the DEA models 

E
x
p
la

n
a
to

ry
 V

a
ri

a
b
le

s
 

O
p
e
ra

ti
o
n
a
l 
C

h
a
ra

c
te

ri
s
ti
c
s
 

Assets 
Includes monetary value of tangible and 

intangible assets 

Capital 
Includes capital stock (equity capital), capital 

surplus and earned surplus 

Liability Includes current and non-current liabilities 

No. of 

Employees 

Includes full-time employed investors, full-

time employees and part-time employees 

Cultivation 

Acreage 

Total cultivation acreage (m2), including both 

rented and owned lands 

Total Cost 
Addition of Operational Cost’ and ‘Cost of 

Sales’ 

Region29 

Regional Concentration in Agriculture = 

{(Agri. GRDP) / GRDP} 

City and Province level (Cities are combined 

as ‘Metropolitan Cities’) 

Operational 

Structure 

Either ‘Farming Association’ or 

‘Agricultural Business Corporation’ 

Period of 

Operation 

Divided into five categories basing on year of 

establishment: 

Under 4 years (2011-2014), 4~8 years 

(2006-2010), 9~13 years (2001-2005), 

14~18 years (1996-2000), 19 years or more 

(-1995) 

Additional 

Services 

Whether each agricultural corporation offers 

services beyond its classification (production, 

processing and distribution) 

* Only applicable in Tobit models conducted 

under classifications 

                                           
29 Data on agricultural GRDP and GRDP used for the variable ‘region’ is 

based on annual statistics provided by Statistics Korea (KOSIS), on the 

corresponding year of 2014. 
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analysis is considered to identify determinants of the measures 

efficiency. As explanatory variables, the operational 

characteristics (‘assets’, ‘capital’, ‘liability’, ‘number 

of employees’, ‘cultivation acreage’, and ‘total cost’) are 

as well included as is applied in the efficiency analysis, whereas 

‘cost of sales’ and ‘operational expenses’ are combined 

into ‘total cost’, considering unmanageable characteristic of 

‘cost of sales’ in agricultural corporations, in general. 

Additionally, ‘region’, ‘operational structure’, and 

‘period of operation’ are applied to identify effects of regional 

concentration in agriculture (measured by Agri. GRDP/GRDP) 

structural factors on efficiency, as well as the managerial 

experiences in the business. The dummy variable on ‘additional 

services’ is only applicable in analysis under each classification 

(production, processing, or distribution) to verify effects of 

multi-business activities in agricultural corporations beyond its 

own classified field of service/business. 

  

4.3  Composition of the Analysis 

  

At the first-stage of efficiency analysis, three models of 

DEA (CCR, BCC and SBM) are applied with bootstrapping 

approach to measure and compare efficiency estimates on 

agricultural corporations in South Korea. As input variables, 

general operational resources: ‘assets’, ‘capital’, 

‘liability’, ‘number of employees’, ‘cultivation acreage’, 

‘cost of sales’, and ‘operational expenses’ are considered, 

whereas ‘annual sales’ is used as an output variable. The 
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input variables are selected utilizing most of applicable 

information provided through the data, 『Investigation on 

Agricultural Corporations』, since reflecting more of the relevant 

information of operational conditions enables to narrow down gap 

between collected data and the actual status. DEA measures 

efficiency basing on differences among relative input utilization 

and produced output. Thus, applying various, yet consistent 

variables for each agricultural corporation is expected to derive 

more reliable efficiency measure as well as the point of frontier.  

The efficiency estimates driven from the models score 

between 0 to 1, accordingly to the distance between each 

agricultural corporation and the frontier. Driven Efficiency 

scores are then divided in several categories (operational 

structures, classifications, region, and period of operation) to 

investigate frequencies and proportions of efficient and 

inefficient agricultural corporations in various form of structures. 

Furthermore, estimated technical efficiency is decomposed into 

pure technical and scale efficiencies to evaluate status of 

efficiency in details. After all, characteristics of returns to scale 

between the two operational structures and three business 

classifications are measured to provide suggestive implications 

accordingly.  

At the second-stage of analysis on determinants of the 

efficiency, efficiency estimates from the former stage of analysis 

is applied as a response (dependent) variable. For explanatory 

variables, ‘region’ (regional concentration in agriculture), 

‘operational structure’ (whether farming association or 

agricultural business corporations), and ‘period of operation’ 

are applied additionally beyond most operational input variables 
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(‘assets’, ‘capital’, ‘liability’, ‘number of employees’, 

‘cultivation acreage’, and ‘total cost’)30 considered in the 

previous stage. Selection of explanatory variables that are 

considered in estimation of efficiency measure may seem 

redundant; however, because DEA measures efficiency based on 

relative distances incorporating allocation of all input variables 

for output variables and not the absolute values (or effects) of 

each variable, this enables to identify effects of each input 

variables on efficiency within operation of agricultural 

corporations.  

Analysis on determinants is first conducted with three 

bootstrapped DEA models (CCR, BCC and SBM) basing on the 

entire sample of agricultural corporations, and then divided into 

three main classifications (production, processing and 

distribution) for deeper analysis and comparison between the 

classifications. For the analysis under each classification, 

efficiency estimates of BCC-bootstrapping are applied 

considering most coherent and most statistically significant 

number of variables. For each analysis, different set (or 

combination) of variables are applied in models (three for the 

entire set and four each for business classifications) to test 

adequacy of selected variables. This is due to the fact that 

application of such variety of variables on agricultural 

corporations in South Korea has never been attempted in 

previous literatures. Moreover, dummy variables on whether an 

                                           
30  While further explained in Chapter 5, the variable ‘ investment’  is 

excluded from the analysis on determinants considering uncertainty of the 

cause in presenting high correlation with ‘capital’, although diagnostics on 

multicollinearity appeared no statistically significant multicollinearity between 

the variables. 
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agricultural corporation offers services beyond its own 

classification are added to identify effects of vertical integration 

(or participation in multi-business activities) within its 

businesses. 
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5. Efficiency Analysis 

 

5.1  Descriptive Statistics 

 

Descriptive statistics on input and output variables applied 

in the efficiency analysis is as presented in <table 5-1>. The 

differential of annual sales appeared to have large gap, with 

maximum value of 1,789.25 million won, minimum value of 0 and 

average of 15.81 million won. Maximum value of total assets 

appeared to be 2,518.14 million won with the minimum value of 

-120 thousand won, accounting the average of 12.48 million won. 

The differential between maximum and minimum value of total 

capital appeared to be large as well, with 1,643.74 million won 

and -144.51 million won, respectively, accounting the average 

of 4.50 million won. The differential between maximum and 

minimum value of investment appeared to be comparably smaller, 

with 947.69 million won and 0, respectively, at the average of 

2.87 million won. Moreover, the average of total liability, number 

of employees, cultivation acreage, cost of sales and operational 

expenses were 7.98 million won, 6.94 people, 24,436.92 m2, 

12.73 million won, and 281.42 million won, respectively.  

<Table 5-2> indicates correlations between the input 

variables applied in the efficiency analysis. Highest correlation 

appeared between total capital and investment with 0.992, 

followed by total liability and total assets with 0.872; number of 

employees and operational expenses with 0.619; and operational 

expenses and cost of sales with 0.588. However, correlations 
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between cultivation acreage and operational expenses, 

investment, total assets, total liability, total capital and number 

of employees appeared to be statistically insignificant each and 

all. 

Considering the bivariate correlation between total capital 

and investment, entire set of input variables were tested to 

investigate whether multicollinearity exist between the variables. 

Diagnostics was conducted using [collin] in Stata31 and the value 

                                           
31  According to Menard (2002), much of the diagnostic information for 

multicollinearity (e.g. VIFs) can be obtained by calculating an OLS regression 

model using the same dependent and independent variables in logistic 

regression or Probit and Tobit models. This is because the functional form of 

the model for the dependent variable is irrelevant to the estimation of 

collinearity since the concern is with the relationship among the independent 

variables. However, the command [collin] can be generally used regardless of 

whether the ultimate analysis is done with OLS or logistic regression, or Probit 

<Table 5-1> Descriptive Statistics on Input and Output Variables 

(N=14,085) 

Unit: ten thousand won (￦), a person, and square meter (m2) 

Classification Unit Avg. STD Min. Max. 

Output Sales 
10,000 

(￦) 
1,581.11 5,202.360 0 178,925 

Input 

Total 

Assets 

10,000 

(￦) 
1,248.29 4,745.512 0 251,814 

Total 

Capital 

10,000 

(￦) 
450.06 2,454.612 0 164,374 

Total 

Liability 

10,000 

(￦) 
798.18 3,343.525 0 238,366 

Investment 
10,000 

(￦) 
287.20 1,438.001 0 94,769 

No. of 

Employees 

a 

person 
6.94 11.984 0 410 

Cultivation 

Acreage 
m2 24,437.0 182241.617 0 10,560,000 

Cost of 

Sales 

10,000 

(￦) 
1,273.68 4490.131 0 168840 

Operational 

Expenses 

10,000 

(￦) 
28,142 609,533 0 168,840 
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of VIF (Variance Inflation Factor) appeared as follows: total 

assets (4.321), total capital (5.983), total liability (3.094), 

investment (8.159), number of employees (1.345), cultivation 

acreage (3.519), cost of sales (1.656) and operational expenses 

(1.727). As all values appeared under 10, no statistically 

<Table 5-2> Correlations between Input Variables32 

 
Cult. 

Acre. 
COS OPEX Inv. 

Tot. 

Assets 

Total 

Liab. 

Total 

Cap. 

No. of 

Emps. 

Cult. 

Acre. 
1        

COS 
-.016

* 
1       

OPEX -.004 .588** 1      

Inv. .002 .170** .161** 1     

Tot. 

Assets 
-.003 .553** .581** .505** 1    

Total 

Liab. 
-.006 .538** .485** .246** .872** 1   

Total 

Cap. 
.002 .175** .166** .992** .511** .250** 1  

No. of 

Emps. 
.013 .480** .619** .164** .516** .424** .165** 1 

*. Statistical significance with P ≤ 0.05 (ambilateral). 
**. Statistical significance with P ≤ 0.01 (ambilateral). 

significant multicollinearity was presented among the variables; 

however, ‘investment’ was excluded from the analysis on 

determinants (Tobit model) concerning the uncertain 

                                           

or Tobit models and etc. (Williams, 2015). Accordingly, diagnostics using 

[collin] was conducted to verify existence of multicollinearity in this study. 

32 Cult. Acre. refers to Cultivation Acreage; COS refers to Cost of Sales; 

OPEX refers to Operational Expenses; Inv. refers to Investment; Tot. Assets 

refers to Total Assets, Tot. Liab. refers to Total Liability; Tot. Cap. refers to 

Total Capital; and No. of Emps. refers to Number of Employees. 



- 82 - 

relationship with total capital. 

 

5.2  Results 

 

Since estimated measure of efficiency scores are presented 

in three decimal places (giving 1,001 variety), following results 

of the scores are presented in ranges of one decimal place (~0.5, 

0.5~0.6, 0.6~0.7, 0.7~0.8, 0.8~0.9, 0.9~1.0 and 1.0). In 

accordance with the mathematical theory, only the agricultural 

corporations with efficiency score of 1.0 can be referred as 

‘efficient’ since it indicates that the DMUs locate at the frontier. 

However, interpretations may vary due to the fact that efficiency 

measures are relatively determined. This cause difficulties in 

setting reference point on regarding whether ‘efficient’ or 

‘inefficient’ in terms of actualities. Thus, in this study, 

agricultural corporations with efficiency score under 0.5 are 

construed as a state of inefficiency. On the other hand, proportion 

of agricultural corporations at the frontier (score of 1) are mainly 

discussed, since it refers to the absolute ‘efficiency’, whereas 

agricultural corporations with efficiency score above 0.8 are 

considered to be near the frontier – indicating state of 

‘subsequent efficiency’. Moreover, while the comparisons 

between different DEA models are made in the first part, results 

from the application of the bootstrapped BCC model are mainly 

explained from the determinants analysis, considering the most 

frequent and versatile usages in interpretations of the result. 
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5.2.1  Technical Efficiency under Different 

Models and Classifications 

 

<Table 5-3> presents results of frequencies and 

proportions of efficiency estimates from the entire data set on 

14,085 agricultural corporations using CCR, BCC, and SBM 

models. First, 916 (6.5%) agricultural corporations appeared to 

be on the frontier with estimated efficiency score of 1 from CCR 

model, whereas 1,191 (8.5%) appeared in BCC model and 614 

(4.4%) appeared in SBM model. Meanwhile, bootstrapped 

estimates appeared overall reduction in a number of efficient 

agricultural corporations compare to the non-bootstrapped 

estimates. 714 (5.1%) appeared to be on the frontier with 

estimated efficiency score of 1 in CCR model, 822 (5.8%) in BCC 

model, and 497 (3.5%) in SBM model. This presents coherent 

result with Kwon and Kim (2009) and Lee et al. (2011), 

indicating that the general DEA may over estimate efficiency 

measures compare to the bootstrapped DEA, which compromises 

consideration on stochastic factors within the collected data.  

The Number of agricultural corporations with estimates 

below 0.5 appeared 4,872 (34.6%) in CCR model, 5,375 (38.2%) 

in BCC model, and 6,010 (42.7%) in SBM model. With 

bootstrapping, 3,862 (26.1%), 3,471 (24.6%) and 4,677 (33.2%) 

appeared respectively. From the fact that more than 90% of 

agricultural corporations scores below 0.9 with the highest 

proportion (about the quarter of total DMUs) below 0.5, it can be 

stated that considerable number of agricultural corporations are 

at extremely inefficient operation. 
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<Table 5-3> Proportions of Efficient and Inefficient Agricultural 

Corporations  

Classification 
CCR BCC SBM 

Freq. % Freq. % Freq. % 

Inefficient 

Below 
0.5 

4,872 34.6 5,375 38.2 6,010 42.7 

0.5~0.6 3,012 21.4 2,074 14.7 2,361 16.8 

0.6~0.7 1,228 9.1 919 6.5 1,104 7.8 

0.7~0.8 1,388 9.9 1,417 10.1 2,179 15.5 

0.8~0.9 1,682 11.9 1,715 12.2 1,099 7.8 

0.9~1.0 987 7.0 1,394 9.9 718 5.1 

Efficient 1.0 916 6.5 1,191 8.5 614 4.4 

Inefficient 
(Bootstrap) 

Below 
0.5 

3,862 26.1 3,471 24.6 4,677 33.2 

0.5~0.6 2,915 20.7 2,159 15.3 2,819 20.0 

0.6~0.7 2,012 14.3 2,156 15.3 1,669 11.8 

0.7~0.8 1,573 11.2 2,019 14.3 2,367 16.8 

0.8~0.9 1,912 13.6 1,914 13.6 1,144 8.1 

0.9~1.0 1,097 7.8 1,544 10.9 912 6.5 

Efficient 
(Bootstrap) 

1.0 714 5.1 822 5.8 497 3.5 

Total 14,085 100 14,085 100 14,085 100 

 

<Figure 5-1> is a box-and-whisker plot presented to 

describe and compare distribution of driven efficiency estimates 

from CCR, BCC and SBM models with bootstrapping at a glance33. 

                                           
33 The horizontal lines at the center of each boxes represent median (indicates 

that 50% of data is greater than the value) of the driven estimates. The upper 

side of each boxes indicate upper quartile (indicates that 25% of data is greater 

than the value) of the estimates, whereas the lower side presents lower quartile 

(indicates that 25% of data is less than the value) of the estimates. Due to the 

constraint made on DEA efficiency estimates to score between 0 and 1, the 

minimum and the maximum value are set at 0 and 1 in all models, respectively, 

which are supposedly presented by the lowest and the highest points of the 

whiskers. 
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As presented in the figure, distribution of the BCC estimates 

appeared to locate among the higher proportion, whereas 

estimates from CCR and SBM model followed by in sequences. 

Among the general DEA models, distribution of BCC estimates 

appeared to be more concentrated, whereas distribution of CCR 

and SBM estimates appeared with slightly more dispersion. In all 

models, the application of bootstrapping expanded distribution 

among 50% of estimates located near the median, along with 

lowering overall estimated scores indicating the removal of 

stochastic factors within the dataset. 

<Figure 5-1> Different Features of Bootstrapping in CCR, BCC and 

SBM Models 

 

Although different features of transition shown in each 

model from the bootstrapping reflects possibilities in external 

effects on agricultural corporations’ efficiency status beyond the 

inputs and output factors considered in this study, results from 

the bootstrapped models are mainly discussed in the following 

sections considering the risk of overestimation from the general 

DEA models. Additionally, the distribution of BCC model 
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appeared the most dramatic alteration among the three models 

applied in the analysis. Application of bootstrapping transformed 

efficiency estimates to spread out in broadest dispersion, while 

retaining its median similar to other models. While this may also 

have various factors to be investigated, estimates of 

bootstrapped BCC model appeared to embrace the widest variety 

of properties among the actual operational circumstances of 

agricultural corporations and therefore is selected for the main 

model for the second-stage of determinant analysis. 

<Table 5-4> indicates outcome on the frequencies and 

proportions of efficiency scores, classified into operational 

structures. Farming associations on the frontier of bootstrapped 

efficiency scores appeared 397 (4.3%) in CCR model, 552 

(5.9%) in BCC model, and 259 (2.8%) in SBM model 

respectively. On the other hand, the number of farming 

associations with bootstrapped estimates below 0.5 appeared 

2,016 (21.7%) in CCR model, 2,169 (23.3%) in BCC model, and 

1,019 (10.9%) in SBM model respectively.  

Regarding agricultural business corporations, the outcome 

of bootstrapped DEA appeared less number of corporations on 

the frontier compare to the ones of farming associations. 54 

(1.1%) appeared to be on the frontier from CCR model, 78 

(1.8%) from BCC model, and 22 (0.5%) from SBM model, 

resulting in far behind proportion of corporations at the state of 

efficiency. However, the number of agricultural business 

corporations with estimates below 0.5 appeared 594 (12.4%) in 

CCR model, 417 (8.7%) in BCC model, and 618 (12.9%) in SBM 

model, presenting fewer proportion of agricultural business 
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<Table 5-4> Proportions of Efficiency Scores – Classified by 

“Operational Structure” 

Classification 
CCR BCC SBM 

Freq. % Freq. % Freq. % 

Farming 
Assoc. 

(Bootstrap) 

Below 
0.5 

2,016 21.7 2,169 23.3 1,019 10.9 

0.5~0.6 1,487 15.9 1,688 18.1 1,818 19.5 

0.6~0.7 1,883 20.2 1,337 14.4 1,584 17.0 

0.7~0.8 1,299 13.9 1,284 13.8 1,617 17.4 

0.8~0.9 1,417 15.2 1,255 13.5 1,493 16.0 

0.9~1.0 854 9.2 1,019 10.9 1,514 16.3 

1.0 397 4.3 552 5.9 259 2.8 

Total 9,304 100 9,304 100 9,304 100 

Agri. Bus. 
Corps. 

(Bootstrap) 

Below 
0.5 

594 12.4 417 8.7 618 12.9 

0.5~0.6 988 20.7 1,095 22.9 1,416 29.6 

0.6~0.7 1,044 21.8 1,155 24.2 1,318 27.6 

0.7~0.8 812 17.0 987 20.6 919 19.2 

0.8~0.9 638 13.3 737 15.4 412 8.6 

0.9~1.0 251 5.2 312 6.5 76 1.6 

1.0 54 1.1 78 1.6 22 0.5 

Total 4,781 100 4,781 100 4,781 100 

corporations at the state of extreme inefficiency as well. While 

the reasons may vary, it can be inferred that the distribution of 

efficiency measures under operational conditions reveals 

bipolarized effect of the government-led structure among 

farming associations, as well as overall better-off, yet limited 

performances on the market-led structure among agricultural 

business corporations34. 

                                           
34  Rooting down to the beginning of establishment, agricultural business 

corporations were naturally founded through principles of market, whereas 

farming associations were considerably intimated with governmental 
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<Table 5-5> presents frequencies and proportions of 

efficiency estimates on agricultural corporations under three 

business classification: production, processing, and distribution. 

Among agricultural production corporations, 18 (0.4%) from CCR 

model, 37 (0.7%) from BCC model, and 24 (0.8%) from SBM 

model appeared to be on the efficient frontier, whereas 503 

(11.3%), 376 (8.4%), and 561 (12.6%) appeared to be 

extremely inefficient with the estimate below 0.5, respectively. 

Among agricultural processing corporations, 11 (0.3%) from 

CCR model, 21(0.7%) from BCC model, and 7(0.2%) from SBM 

model appeared to be on the frontier, while 381 (12.1%), 282 

(8.9%) and 331 (9.9%) appeared with efficiency score below 0.5, 

respectively. Lastly, among agricultural distribution corporations, 

9 (0.2%) from CCR model, 17 (0.4%) from BCC model, and 4 

(0.09%) from SBM model appeared to be on the frontier, 

whereas the 1,203 (29.3%), 617 (15.0%) and 1,173 (28.6%) 

appeared with the score below 0.5, respectively. 

Comparing the outcomes driven from the entire set of 

agricultural corporations, the number of corporations on the 

frontier appeared to be remarkably fewer under each 

classification of production, processing and distribution. While 

                                           

organizations, such as National Agricultural Cooperative Federation and etc. 

Considering South Korea as a country pursuing principle of free markets, 

agricultural business corporations may be expected to appear higher efficiency 

compare to farming association, which are in fact veiled among the measures 

of inefficient corporations (score below 1.0). However, the circumstances of 

Korea still reveal high involvement of government in agriculture and the related 

industries. This affects farming associations to have such high disparity in 

efficiency among the operations connoting extreme conditions determined by 

external supportive networks. Besides, agricultural business corporations are 

limited from self-regulation due to direct and indirect concernment of the South 

Korean Government among the entire agricultural industry. 
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<Table 5-5> Proportions of Efficiency Scores – Classified by 

“Business Classifications” 

Classification 
CCR BCC SBM 

Freq. % Freq. % Freq. % 

Production 
(Bootstrap) 

Below 
0.5 

503 11.3 376 8.4 561 12.6 

0.5~0.6 958 21.5 1,017 22.8 1,345 30.2 

0.6~0.7 1,187 26.6 1,148 25.7 1,268 28.4 

0.7~0.8 929 20.8 859 19.3 685 15.4 

0.8~0.9 615 13.8 719 16.1 588 13.2 

0.9~1.0 251 5.6 311 7.0 199 4.5 

1.0 18 0.4 31 0.7 15 0.3 

Total 4,461 100 4,461 100 4,461 100 

Processing 
(Bootstrap) 

Below 
0.5 

381 12.1 282 8.9 331 9.9 

0.5~0.6 684 21.7 677 21.5 1,344 42.6 

0.6~0.7 947 30.0 954 30.2 765 24.3 

0.7~0.8 584 18.5 637 20.2 489 15.5 

0.8~0.9 453 14.4 479 15.2 254 8.1 

0.9~1.0 94 2.9 104 3.3 64 2.0 

1.0 11 0.3 21 0.7 7 0.2 

Total 3,154 100 3,154 100 3,154 100 

Distribution 
(Bootstrap) 

Below 
0.5 

1,203 29.3 617 15.0 1,173 28.6 

0.5~0.6 1,984 48.4 2,063 50.3 1,867 45.5 

0.6~0.7 696 16.9 724 17.7 514 12.5 

0.7~0.8 327 8.0 428 10.4 364 8.9 

0.8~0.9 139 3.4 155 3.7 129 3.1 

0.9~1.0 67 1.6 96 2.3 49 1.2 

1.0 9 0.2 17 0.4 4 0.09 

Total 4,100 100 4,100 100 4,100 100 

 the reasons may vary, it can be indirectly inferred that other 

business classifications (contract farming, land sale/consignment 

sale, agricultural services, agricultural tourism and restaurants, 
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and the others) may have more corporations at the frontier 

(score of 1) compare to the three major business classifications. 

Considering the characteristics of inputs and output variable 

applied in this study, this may be due to the differences in 

businesses’ profit-making structure with the major three 

classifications making profit from business and transactions of 

tangible subjects, whereas the other classifications produces 

profit by creating added-value through services beyond 

transactions on tangible properties.  

To compare between the three business classifications, 

efficient agricultural corporations appeared the most in 

production classification, followed by processing and distribution. 

Despite the fact that score of 1 refers ‘the efficient’ agricultural 

corporation, proportions of DMUs were calculated combining 

score between 0.8~0.9 and 0.9~1 as well35, considering the very 

few number of agricultural corporations at the frontier. However, 

all appeared in the same order of ranking with production (6.0%, 

7.7% and 4.8%) >  processing (3.2%, 4.0% and 2.2%) > 

distribution (1.8%, 2.7%, and 1.29%) when accounted with score 

of 0.9~1, and production >  (19.8%, 23.8% and 18.0%), 

processing (17.6%, 19.2%, and 10.3%) > distribution (5.2%, 6.4% 

and 4.39%) when accounted with score of 0.8~0.9 and 0.9~136.  

Distribution network among the agricultural and food 

industry in South Korea is not only fairly falling behind the 

                                           
35 ‘Efficient’ agricultural corporations (DMUs) are indicated in score of 1, 

yet proportions of agricultural corporations near the efficient frontier (0.8~0.9 

and 0.9~1.0) are added to provide information on the amount of DMUs near 

efficient operations compare to the ones falling far behind. 

36 Numbers in parentheses are written in order of CCR, BCC, and SBM models, 

respectively. 
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systems of developed countries, such as the United States and 

England, but also has been pointed out for considerable amount 

of losses. Along with the multi-level pyramid structure, the 

premodern form of management and operation has been criticized 

as a cause worsening the situation (Hwang et al., 2012). 

Additionally, processing and distribution sectors among the 

agricultural industry are relatively new to the industry, being 

introduced by the government after modernization as part of 

promotion in market principles into the agricultural scheme. 

Before the financial crisis in 1997, production has been the main 

industry ever since the country became independent in 1948. 

Since development of processing and distribution services within 

the agriculture began in earnest comparatively recently, the 

outcomes in lower ranking of efficiency can be inferred as a 

result of incomplete and immature structures and administrative 

know-hows. 

Following <figure 5-2> and <figure 5-3> visualizes the 

regional ranking on concentration in agriculture measured by 

agricultural GRDP over GRDP contrary to the average technical 

efficiency measure driven from the bootstrapped BCC model. 

Detailed results in ranking and frequencies of efficiency scores 

are presented in <table 5-A1> and <table 5-A2> in appendix. 

The ranking on regional concentration in agriculture 

appeared to be in order of Jeju Island, Jeon-Buk province, Jeon-

Nam province, Gyeong-Buk province, Gangwon province, 

Chung-Nam province, Chung-Buk province, Gyeong-Nam 

Province, Gyeonggi province and metropolitan cities. On the 

other hand, average technical efficiency ranked in order of 

Gyeong-Nam province, Jeon-Nam province, Jeon-Buk 
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province, Gyeong-Buk province, Chung-Nam province, Chung-

Buk province, Gangwon province, Gyeonggi province, 

metropolitan cities, and Jeju Island.  

<Figure 5-2> 

 Regional Concentration in 

Agriculture* 

<Figure 5-3> 

 Regional Average Efficiency 

Scores 

Unit: %  Unit: value 

  

* Measured by “Agricultural GRDP/GRDP”  

Remarkable regions with significant differences between 

the rankings of concentration in agriculture and efficiency 

estimates were Jeju Island, and Gyeong-Nam province. While 

Jeju Island ranks the highest in regional concentration in 

agriculture, it appeared to be the most inefficient (tenth) in 

operation, accordingly to the regional ranking on efficiency 

estimates. Moreover, proportion of agricultural corporations in 

Jeju Island appeared to be the lowest among all provinces, 
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accordingly to the collected data37. This indicates that overall 

participation in agricultural corporate system within Jeju Island 

has been the lowest compare to other regions. In fact, as is 

presented by the highest regional concentration in agriculture, 

Jeju Island features distinct and competitive features in 

agricultural production due to relatively warmer climate during 

winter, which enables year-round production and fertile volcanic 

soil (Andisol). However, 37.0% of agricultural corporations in 

Jeju Island are in production classification, whereas 15.0% in 

processing and 30.7% in distribution. This implies relatively low 

rate of participation of agricultural corporate system among the 

production sector. In this sense, the lowest ranking of efficiency 

can be inferred as a result of lowest participation of production 

farms (that occupies the majority of agricultural industry in Jeju 

Island) in corporate system, which in fact indicates un-

systemized and uncooperative structure within and between each 

sector that may restrain advancement of operation and further – 

efficiency. 

On the other hand, Gyeong-Nam province ranked the 

highest in the efficiency ranking, whereas the regional 

concentration in agriculture appeared relatively low, ranking the 

eighth. This implies that increase in efficiency among agricultural 

corporations located in Jeju Island are crucial at the most among 

the provinces in South Korea and would be the most effective 

                                           
37 6.6% of total sample of the data are located in Jeju Island, followed by 6.7% 

in Chung-Buk province, 6.9% in Metropolitan Cities, 8.1% in Gangwon province, 

8.7% in Gyeong-Nam province, 11.8% in Gyeong-Buk province, 12.0% in 

Gyeonggi province, 12.5% in Chung-Nam province, 13.8% in Jeon-Buk 

province, and 19.8% in Jeon-Nam province. 
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over the entire industry among the region. Meanwhile, 

agricultural corporations in Gyeong-Nam province appeared the 

most ideal operation with efficiency, although the regional 

concentration in agriculture appeared to be relatively low. 

 

5.2.2  Decomposition of Technical Efficiency 

 

Technical efficiency (TE) can be decomposed into pure 

technical efficiency (PTE) and scale efficiency (SE) (Banker et 

al., 1984). PTE signifies the optimal level of inputs used by 

agricultural corporations to produce equal level of outputs at VRS 

(Variable Returns to Scale). SE, on the other hand, indicates the 

optimal level of inputs for production of equal level of outputs in 

accordance with benefits of scale. According to Banker et al. 

(1984) both CCR and BCC allows the decomposition of TE. 

However, due to the constraint on ‘constant returns to scale’ 

made in CCR model, BCC model appears to be more applicable in 

the explanation and interpretation of the result in detail. Thus, 

following descriptions on the outcomes of the decomposition of 

TE and returns to scale are based on BCC model. Results driven 

from CCR and SBM models are presented in <table 5-A3> and 

<table 5-A4> in appendix to provide comparisons. 

<Table 5-6> presents distribution of agricultural 

corporations under the decomposition of TE into PTE and SE. 

Efficient corporations at the frontier appeared 177 (1.3%) in TE, 

194 (1.6%) in PTE, and 266 (1.9%) in SE under bootstrapped 

BCC model. 
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<Table 5-6> Distribution of Efficiency Scores Measured by BCC 

Model 

Classification 

Technical 
Efficiency 

Pure Technical 
Efficiency 

Scale 
Efficiency 

Freq. % Freq. % Freq. % 

Inefficient 
(Bootstrap) 

Below 
0.5 

2,938 20.9 2,945 20.9 2,934 20.8 

0.5~0.6 3,259 23.1 2,766 19.6 2,567 18.2 

0.6~0.7 1,918 13.6 1,918 13.6 2,548 18.1 

0.7~0.8 1,756 12.5 1,967 14.0 1,844 13.1 

0.8~0.9 2,283 16.2 2,351 16.7 1,955 13.9 

0.9~1.0 1,754 12.5 1,944 13.8 1,871 13.3 

Efficient 
(Bootstrap) 

1.0 177 1.3 194 1.4 366 2.6 

Total 14,085 100 14,085 100 14,085 100 

Regarding characteristics appeared in three models (CCR, 

BCC, and SBM), agricultural corporations at the frontier 

appeared fewer in TE, PTE and SE with the application of 

bootstrapping38. However, numbers and proportions of efficient 

corporations under SE appeared remarkably larger compare to 

TE and PTE. Differentials between numbers of efficient 

corporations in TE or PTE and SE were the narrowest in BCC 

model, and this may implicate that the outcomes of BCC model 

provide the most coherent measures in the decomposition, 

underlying characteristics of VRS and benefits of scale. 

 

5.2.3  Returns of Scale  

                                           
38 Tables on distribution of efficiency estimates under division of technical, 

pure technical and scale efficiency driven from CCR and SBM models are 

attached in Appendix. 
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Analysis on the characteristics of returns to scale in 

agricultural corporations can be derived from λ  in the 

mathematical models of DEA described above. A DMUj is IRS if 

∑ 𝜆𝑗 > 1, CRS if ∑ 𝜆𝑗 = 1, and DRS if ∑ 𝜆𝑗 < 1, where 𝑗 = (1, 2, … 𝑛). 

With the driven characteristics of returns to scale, alternatives 

to improve efficiency among agricultural corporations can be 

proposed in terms of scale and size. 

Following <Table 5-7> describes the number and 

proportion of agricultural corporations under the driven 

characteristics of returns to scale. Regarding the division under 

operational structures, 54.96% (5,114) of farming associations 

appeared in IRS, 31.35% (2,917) in CRS, and 13.36% (1,773) in 

DRS. Similarly, yet differently, 59.01% (2,845) appeared IRS, 

27.09% (1,295) appeared CRS, and 13.40% (641) appeared DRS 

in agricultural business corporations. 

Dividing the entire sample into business classifications 

appeared similar features with the division under operational 

structures, and the results are as follows: 59.39% (2,649) in IRS, 

26.63% (1,188) in CRS, 13.98% (624) in DRS among agricultural 

production corporations; 54.48% (1,719) in IRS, 31.51% (994) 

in CRS, and 14.01% (442) in DRS among agricultural processing 

corporations; and 54.48% (1,718) in IRS, 26.56% (1,089) in CRS, 

and 18.73% (768) in DRS among agricultural distribution 

corporations, respectively. 

Since majority of agricultural corporations appeared to be 

IRS in every classification, two suggestions can be made as 

alternatives to improve the efficiency. First, since IRS indicates 

bigger increase in output units compare to increase in input units,  
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<Table 5-7> Returns to Scale among Agricultural Corporations 

Classification IRS CRS DRS Total 

Total 

No. of 

Corporations 
9,148 4,048 889 14,085 

Proportion (%) 64.95 28.74 6.31 100 

O
p
e
ra

ti
o
n
a
l 

S
tr

u
c
tu

re
s
 Farming 

Association 

No. of 

Corporations 
5,114 2,917 1,273 9,304 

Proportion (%) 54.96 31.35 13.36 100 

Agri. Biz. 

Corporations 

No. of 

Corporations 
2,845 1,295 641 4,781 

Proportion (%) 59.01 27.09 13.40 100 

B
u
s
in

e
s
s
 C

la
s
s
if
ic

a
ti
o
n
s
 

Production 

No. of 

Corporations 
2,649 1,188 624 4,461 

Proportion (%) 59.39 26.63 13.98 100 

Processing 

No. of 

Corporations 
1,718 994 442 3,154 

Proportion (%) 54.48 31.51 14.01 100 

Distribution 

No. of 

Corporations 
2,243 1,089 768 4,100 

Proportion (%) 54.71 26.56 18.73 100 

 

overall enlargement (or expansion) on inputs are recommended. 

This would enable agricultural corporations to increase technical 

efficiency through the increase in input resources and also to 

improve the current circumstances in scale inefficiencies. 

Second, additionally to the enlargement of input resources, 

enlargement of outputs is needed, since certain amount of 

increase in output are possible through relatively smaller amount 

of input resources. 
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6. Analysis on the Determinants 

 

6.1  Results 

 

While the results from the efficiency analysis can be 

regarded as a macroscopic all-round circumstance on efficiency 

among agricultural corporations at the national level, analysis on 

the determinants identifies the factors determining and effecting 

efficiency within entities. This is to investigate status in 

production structures of agricultural corporations and to derive 

in-depth implications on various explanatory variables that 

composes operational characteristics. To ensure relevance of the 

selected variables to the subject, different set (or combination) 

of variables are applied in four models (A, B, C, and D). In this 

chapter, results driven from the bootstrapped BCC model are 

particularly elucidated due to the remarkable coherency compare 

to the other models with largest number of statistically 

significant variables. The results of efficiency determinants are 

described in three major business classifications (production, 

processing and distribution) assuming that agricultural 

corporations in each business classifications share similar 

properties within operational and production structure.  

<Table 6-1>, <table 6-2>, and <table 6-3> represent 

results of efficiency determinants under three business 

classifications – production (n=4,461), processing (N= 3,154), 

and distribution (N= 4,100) – using Tobit regression based on 

the estimates driven from BCC-bootstrapping application. In this 
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analysis, four models were applied with different sets of 

variables to consider and compare adequacy on selection of 

variables. Since none of the previous literatures have attempted 

to incorporate such variety of variables, this was to minimize 

errors and to induce most coherent outcome. In this sense, model 

“A” includes input resources (assets, capital, liability, number of 

employees, cultivation acreage and total cost), regional 

concentration in agriculture and operational structures; model “B” 

applies period of operation beyond variables composed in model 

“A”; model “C” applies additional services (whether agricultural 

corporation participates in other business activities beyond its 

classification) instead of the period of operation in model “B”; 

and model “D” incorporates all variables. 

In agricultural production corporations, identically with the 

result mentioned above, all models demonstrated higher 

efficiency of production corporations with larger amount of 

assets, number of employees, regional concentration in 

agriculture industry. On the other hand, the efficiency was higher 

with smaller amount of liabilities, cultivation acreage and amount 

of total cost (expenses). Additionally, while both operational 

structures appeared to be statistically significant, participation in 

agricultural business corporations had bigger effect in efficiency 

compared to farming associations. Regarding period of operation, 

under 4 years and 9 or more years appeared to have negative 

(-) effect on efficiency, whereas 9~13 years and 14~18 years 

appeared to have positive (+) effect on efficiency in both   

models “B” and “D”. Moreover, both models “C” and “D” indicated 

positive (+) effect on efficiency when agricultural production 

corporations participate in both processing and distribution 
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activities beyond production. 

In agricultural processing corporations, efficiency appeared 

to increase as amount of assets increase, and amount of liabilities 

and total cost (expenses) decrease. Differently from production 

corporations, number of employees and regional concentration in 

agriculture presented no statistical significance across all models. 

Adding on, both operational structures had no statistical 

significance across all models. Regarding period of operation, 

while model “B” appeared statistical insignificant, model “D” 

appeared negative (-) effects from both operation under 4 years 

and 9 or more years, consistent with the result driven over all 

classifications. Furthermore, similarly with agricultural 

production corporations, model “C” and “D” indicated positive (+) 

effect in participation of production and distribution activities 

altogether beyond processing businesses.  

In agricultural distribution corporations, results appeared 

relatively differently in each model. In model “A”, efficiency 

increased with larger amount of assets and number of employees. 

On the other hand, the efficiency was higher with smaller amount 

of liabilities, cultivation acreage. Operational structures appeared 

to be statistically significant with participation in agricultural 

business corporation affecting efficiency more compared to 

participation in farming association, consistently with the 

previous outcomes. In model “B”, however, amount of total cost 

(expenses) appeared to increase efficiency as it got smaller 

instead of the cultivation acreage appeared in model “A”. 

Moreover, only the farming association appeared to be 

statistically significant in model “B” with positive (+) effect on 

the efficiency. Additionally, none of the ranges on period of 
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operation appeared to be statistically significant. In model “C”, 

consistent result appeared with input resources as in model “B”, 

presenting increase in efficiency with larger amount of assets 

and number of employees, whereas the efficiency was higher 

with smaller amount of liabilities and total cost (expenses). Both 

operational structures demonstrated statistical significance, 

while participation in agricultural business corporations 

presented with more effect on efficiency. Besides, participating 

in production beyond distribution activities appeared to have 

positive (+) effect on the efficiency. Lastly, in model “D”, 

consistent result was driven with that from the model “C”. The 

only difference was that in model “D”, regional concentration in 

agriculture had positive (+) effect and period of operation over 

19 years showed negative (-) effect on the efficiency. 
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<Table 6-1> Determinants of the Technical Efficiency (BCC) within “Production” Agricultural Corporations  

Variable 
Model “A” Model “B” Model “C” Model “D” 

Coefficient T-Stat. Coefficient T-Stat. Coefficient T-Stat. Coefficient T-Stat. 

O
p
e
ra

ti
o
n
a
l 

C
h
a
ra

c
te

ri
s
ti
c
s
 

Assets 2.5818×10-4 2.9812*** 2.6116×10-4 2.3918*** 2.5117×10-4 2.4918*** 2.5434×10-4 2.6391*** 

Capital -3.3844×10-4 -1.2869 -3.1748×10-4 -1.6118 -3.6192×10-4 -1.4854 -3.5247×10-4 -1.3974 

Liability -2.5594×10-4 -2.5288*** -2.1328×10-4 -2.4438*** -2.4228×10-4 -2.5832*** -2.3518×10-4 -2.4916*** 

No. of 
Employees 

1.6944×10-3 1.9489* 1.9118×10-3 1.9962** 1.5941×10-3 2.0116** 1.4912×10-3 2.1155** 

Cultivation 
Acreage 

-1.9118×10-4 -2.1486** -1.7188×10-4 -2.2264** -1.5582×10-4 -2.4824*** -1.592×10-4 -2.3411** 

Total Cost -1.7842×10-4 -1.9224* -1.5186×10-4 -1.9518* -1.7224×10-4 -1.9813** -1.6921×10-4 -2.2311** 

Region 1.0858×10-2 1.9965** 1.2094×10-2 1.9817** 1.2694×10-2 1.9698** 1.1844×10-2 2.009** 

O
p
. 

S
tr

u
c
t.
 Farming 

Association 
0.1092×10-4 1.9698** 0.1295×10-4 1.9918** 0.1286×10-4 1.9822** 0.1188×10-4 1.9716** 

Agri. Biz. 
Corporation 

0.1692×10-4 1.8115* 0.1719×10-4 1.6918* 0.16936×10-4 1.7228* 0.1594×10-4 1.8438* 

P
e
ri

o
d
 o

f 
O

p
e
ra

ti
o
n
 

under 4 years   -0.1682×10-4 -1.9819**   -0.1413×10-4 -2.1426** 

4 ~ 8 years   0.0958×10-4 0.0199   0.0685×10-4 0.0592 

9 ~ 13 years   0.1075×10-4 1.6848*   0.1241×10-4 1.7924* 

14 ~ 18 years   0.1418×10-4 1.7943*   0.1324×10-4 0.8424* 

19 or more 
years 

  -0.1185×10-4 -1.9886**   -1.1253×10-4 -2.2451** 

A
d
d
. 

S
e
rv

ic
e
 Processing     0.0274×10-3 1.4984 0.0195×10-3 1.5617 

Distribution     0.0422×10-3 1.5843 0.0384×10-3 1.6115 

Processing & 
Distribution 

    0.0297×10-3 1.6819* 0.0268×10-3 1.8115* 

Adjusted R2 0.084 0.116 0.142 0.123 

lnL -294.3843 -313.0309 -418.8472 -394.4913 

*. Statistical significance with P ≤ 0.05. / **. Statistical significance with P ≤ 0.01. / ***. Statistical significance with P ≤ 0.001. 
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<Table 6-2> Determinants of the Technical Efficiency (BCC) within “Processing” Agricultural Corporations  

Variable 
Model “A” Model “B” Model “C” Model “D” 

Coefficient T-Stat. Coefficient T-Stat. Coefficient T-Stat. Coefficient T-Stat. 

O
p
e
ra

ti
o
n
a
l 

C
h
a
ra

c
te

ri
s
ti
c
s
 

Assets 1.8948×10-4 2.0404** 1.6965×10-4 2.1155** 1.9248×10-4 2.2225** 1.7958×10-4 2.3522*** 

Capital -4.1948×10-4 -1.1948 -3.9786×10-4 -1.2954 -4.0948×10-4 -1.0947 -4.241×10-4 -1.2452 

Liability -2.4118×10-4 -2.4234*** -2.2974×10-4 -2.3948*** -2.2942×10-4 -2.6926*** -2.2966×10-4 -2.5226*** 

No. of 
Employees 

1.3953×10-3 1.4899 1.2451×10-3 1.5228 1.4118×10-3 1.5395 1.4245×10-3 1.6247 

Cultivation 
Acreage 

-0.9642×10-4 -1.1005 -1.1002×10-4 -1.2964 -0.8955×10-4 -1.3292 -1.2512×10-4 -1.2975 

Total Cost -1.4185×10-4 -1.9812** -1.3548×10-4 -2.1038** -1.5155×10-4 1.9944** -1.3424×10-4 -2.0491** 

Region 1.8114×10-2 1.5942 1.6846×10-2 1.6255 1.6968×10-2 1.4958 1.6955×10-2 1.6114 

O
p
. 

S
tr

u
c
t.
 Farming 

Association 
0.0848×10-4 1.3532 0.0911×10-4 1.4915 0.1296×10-4 1.4125 0.1066×10-4 1.5112 

Agri. Biz. 
Corporation 

0.0988×10-4 1.6117 0.1044×10-4 1.3957 0.0852×10-4 1.4922 0.0948×10-4 1.5248 

P
e
ri

o
d
 o

f 
O

p
e
ra

ti
o
n
 

under 4 years   -0.1218×10-4 -1.6518   -0.1424×10-4 -1.6692* 

4 ~ 8 years   0.0957×10-4 1.5117   0.0899×10-4 1.2424 

9 ~ 13 years   0.1418×10-4 1.3492   0.1295×10-4 1.3998 

14 ~ 18 years   0.1348×10-4 1.2853   0.1296×10-4 1.5232 

19 or more 
years 

  -0.1134×10-4 -1.5926   -1.1452×10-4 -1.7242* 

A
d
d
. 

S
e
rv

ic
e
 Production     0.0195×10-3 1.3241 0.0214×10-3 1.3397 

Distribution     0.0268×10-3 1.3985 0.0288×10-3 1.4242 

Production & 
Distribution 

    0.0224×10-3 1.6922* 0.0295×10-3 1.8291* 

Adjusted R2 0.145 0.117 0.106 0.112 

lnL -194.8472 -212.0974 -299.1745*** -392.9429 

*. Statistical significance with P ≤ 0.05. / **. Statistical significance with P ≤ 0.01. / ***. Statistical significance with P ≤ 0.001. 
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<Table 6-3> Determinants of the Technical Efficiency (BCC) within “Distribution” Agricultural Corporations  

Variable 
Model “A” Model “B” Model “C” Model “D” 

Coefficient T-Stat. Coefficient T-Stat. Coefficient T-Stat. Coefficient T-Stat. 

O
p
e
ra

ti
o
n
a
l 

C
h
a
ra

c
te

ri
s
ti
c
s
 

Assets 2.0486×10-4 2.1943** 2.0986×10-4 2.2248** 1.9117×10-4 2.4918*** 2.3268×10-4 2.0286** 

Capital -4.0148×10-4 -1.0988 -4.3518×10-4 -1.5584 -3.6192×10-4 -1.5917 -4.1994×10-4 -1.4982 

Liability -2.2948×10-4 -2.7482*** -2.3811×10-4 -2.5548** -2.2796×10-4 -2.3942*** -2.4118×10-4 -2.6948*** 

No. of 
Employees 

1.3942×10-3 1.9438* 1.4416×10-3 1.9518* 1.0916×10-3 1.9698** 1.3851×10-3 1.6948* 

Cultivation 
Acreage 

-1.5964×10-4 -1.6948* -1.298×10-4 -1.3354 -0.9686×10-4 -0.9884 -1.1998×10-4 -0.8495 

Total Cost 1.1984×10-4 1.5694 -1.2973×10-4 -1.9118* -1.1914×10-4 -1.6998* -1.4995×10-4 -2.1199** 

Region 1.1948×10-2 1.2049 1.2859×10-2 1.4982 1.3811×10-2 1.4494 1.3518×10-2 1.6818* 

O
p
. 

S
tr

u
c
t.
 Farming 

Association 
0.1943×10-4 1.9482* 0.1588×10-4 1.7188* 0.1118×10-4 1.6966* 0.1711×10-4 1.0698* 

Agri. Biz. 
Corporation 

0.2197×10-4 1.6715* 0.1941×10-4 1.6248 0.1584×10-4 1.6989* 0.1894×10-4 1.6915* 

P
e
ri

o
d
 o

f 
O

p
e
ra

ti
o
n
 

under 4 years   -0.1794×10-4 -1.5286   -0.1585×10-4 -1.6119 

4 ~ 8 years   -0.0084×10-4 -0.0088   0.1168×10-4 1.0944 

9 ~ 13 years   0.1481×10-4 1.2266   0.1511×10-4 1.3385 

14 ~ 18 years   0.1394×10-4 0.9472   0.1495×10-4 0/0858 

19 or more 
years 

  -0.1427×10-4 -1.5795   -1.7944×10-4 -1.6816* 

A
d
d
. 

S
e
rv

ic
e
 Production     0.0584×10-3 1.9116* 0.0329×10-3 1.8847* 

Processing     0.0482×10-3 1.5914 0.0294×10-3 1.3984 

Production & 
Processing 

    0.0398×10-3 1.3958 0.03414×10-3 1.2195 

Adjusted R2 0.129 0.118 0.104 0.133 

lnL -157.6483 -183.7392 -154.7492 -161.6638 

*. Statistical significance with P ≤ 0.05. / **. Statistical significance with P ≤ 0.01. / ***. Statistical significance with P ≤ 0.001. 
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7. Conclusion 

 

7.1  Summary 

 

The share of agricultural corporations among agriculture in 

South Korea has been increasing with recent rapid growth in 

production of total sales and numbers. However, actual state 

among the operation appears incompetence with considerable 

proportion of agricultural corporations at the state of inefficiency. 

In order to cope with open market economy among agricultural 

and food industry, it is crucial to prepare countermeasures for 

vitalization and improvement in competency for rightsized and 

systemized agricultural corporations. Accordingly, this study 

evaluated operational circumstances of agricultural corporations 

in terms of efficiency and identified determinants of the 

efficiency, in order to suggest a plan for effectively improving 

and to derive managerial and policy implications on the current 

agricultural corporate system. For the analysis, three models 

(CCR, BCC and SBM) of DEA-bootstrapping and Tobit model 

were applied in two-stage processes. 

Major outcomes of the analysis conducted in this study are 

as follows. 

First, application of bootstrapping on three DEA models 

resulted in fewer numbers of efficient corporations in all models, 

demonstrating consistent result with the statement that general 

DEA models may over-estimate results in efficiency analysis. 
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Thus, it is necessary to apply bootstrapping in efficiency analysis 

using DEA, considering stochastic factors within dataset.   

Second, application of bootstrapping appeared to transform 

distribution of efficiency estimates differently in each of CCR, 

BCC and SBM models. While 50% of estimates located near the 

median value expanded in distribution and decreased in absolute 

value of efficiency in all models, BCC model showed the most 

dramatic change. Since different features of transition driven 

from bootstrapping in each model reflects possibilities of effects 

from external factors on agricultural corporations’ efficiency 

status, it is difficult to either judge or to decide appropriacy of 

particular model generalizing the application. However, 

bootstrapped BCC appeared to embrace widest variety of 

properties among agricultural corporations and presented the 

most consistent, coherent and statistically significant outcomes 

throughout the study.  

Third, majority of the efficiency estimates of DMUs scored 

below 0.8 under division of both operational structures and 

business classifications. This indicates that considerable number 

of agricultural corporations are in operation at the level of 

inefficiency.  

Fourth, agricultural business corporations appeared to have 

higher overall efficiency measures compared to farming 

associations, even though the proportion of farming associations 

at the frontier appeared to be larger than that of agricultural 

business corporations. This is due to the polarized and biased 

operational system among farming associations, with few 

beneficiaries with intimate governmental network and support 
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presenting extreme efficiency, whereas the majority of farming 

associations are at poor condition. Along with higher and positive 

coefficient of agricultural business corporations in the 

determinant analysis, it can be inferred that the agricultural 

industry should be transformed into market-oriented structure 

through promotion and support in farm households and entities 

to reflect principles of free market as well as in other industries. 

This enables agricultural corporations not only to operate more 

efficiently, but also to have a more sustainable and competitive 

industrial structure. In addition, smaller proportion of agricultural 

business corporations at the frontier may imply current 

government-led structure and the intensive intervention as a 

barrier for agricultural business corporations to operate 

efficiently counteracting to the free market. 

Fifth, in comparing the efficiency of the corporations 

pertaining to different business classifications, agricultural 

production corporations at the frontier appeared to be the most 

efficient, followed by agricultural processing and distribution 

corporations. Regarding efficiency estimates below score of 0.5, 

agricultural processing and distribution corporations showed 

similar proportions, whereas agricultural production corporations 

had the least. This indicates relative inefficiency among 

agricultural processing and distribution corporations and reflects 

condition of unspecialized and immature structural processes 

among the agricultural transition into secondary and tertiary 

industries. Agricultural policies in South Korea have been 

providing more support on agricultural processing and 

distribution activities; yet, in fact, main focus of agricultural 

administration is on primary – the production industry as ever. 
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Hereafter, as agricultural production corporations appeared to be 

at relatively more efficient level, the outcome connotes plenty of 

suggestions towards direction of agricultural administration in 

between the industrial sectors. 

Sixth, more than 50% of agricultural corporations appeared 

to be IRS in all categories of operational structures and business 

classifications, accounting 64.95% in IRS, 28.74% in CRS, and 

6.31% in DRS over the entire set of DMUs. Thus, overall 

expansion (or enlargement) of input resources are 

recommended, since IRS indicates bigger increase in output units 

compare to a unit increase in inputs. Increase in input factors of 

production would not only increase the technical efficiency of 

agricultural corporations, but also improve scale inefficiencies at 

the same time. 

Seventh, as a result of analysis on determinants, efficiency 

tended to increase with larger amount of assets and number of 

employees. In addition, positive (+) influence appeared among 

agricultural production corporations with 9~13 and 14~18 years 

of operation, whereas newly established (period of operation 

under 4 years) and decrepit (period of operation at 19 or more 

years) agricultural corporations presented negative (-) 

influence on efficiency in general. Meanwhile, results driven from 

the efficiency analysis under division of period of operation 

presented that agricultural corporations at the frontier tended to 

appear more frequently in ranges of shorter duration of 

operation. Accordingly, it can be interpreted in a way that 

agricultural corporations with certain scale of assets and human 

resources (employees) tend to be more efficient, and that the 
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efficiency increases even more at the stage of plateau after 

establishment.  

Eighth, regional concentration in agriculture appeared to 

have positive (+) influence upon efficiency in most 

classifications of agricultural corporations. In agricultural 

processing corporations, however uniquely, no statistical 

significance was driven. While most provinces of South Korea 

appeared corresponding rankings in regional concentration in 

agriculture and efficiency estimates likewise, Jeju Island 

appeared to be contradictory – being the most inefficient region 

while ranking the highest degree of agriculture among GRDP. In 

addition, proportion of agricultural corporations in Jeju Island 

appeared to be the lowest among all provinces, indicating lowest 

rate of participation in corporate system in spite of the highest 

degree of agriculture. Agricultural corporations in Jeju Island 

features 64.2% farming associations and 35.8% agricultural 

business corporations with main business classification of 37.0% 

in production, 15.0% in processing and 30.7% in distribution. 

This implies that it is crucial to increase efficiency among the 

agricultural corporations in Jeju Island by promoting participation 

and further in cooperation among the sectors, and that 

specialized improvement plans on efficiency among production 

and distribution corporations are highly recommended. 

Ninth, regarding vertical integration among businesses, 

provision of multi-business activities appeared to have positive 

(+) influence on efficiency in every business classifications. 

Particularly, participation in processing and distribution activities 

all together tend to increase efficiency among agricultural 
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production corporations; participation in production and 

distribution activities side by side tend to increase efficiency 

among agricultural processing corporations; and participation in 

production activities appeared to increase efficiency among 

agricultural distribution corporations. 

Last but not least, although the application of different sets 

of explanatory variables in determinants analysis presented 

slight different outcomes in agricultural distribution corporations, 

model “D” (incorporation of entire set of explanatory 

variables) indicated the most coherency with other models and 

presented most number of variables with statistical significances. 

Especially, result of both agricultural production and processing 

corporations appeared to be consistent in all models. 

Accordingly, it can be inferred that the attempt made on 

application of various explanatory variables presents no 

drawbacks in deriving consistent and reliable result, and that 

consideration of such variables are recommended in further 

studies on agricultural corporations. However, poor values 

presented for adjusted R2 indicates needs of additional variables 

from different dimensions of agricultural corporations. Due to the 

limitation of variables from the dataset, no additional 

consideration of variables from different dimensions could be 

made in this study. This implies necessities in widening range of 

variables into such as benefits received from the government, 

network and/or information level and etc. during the annual data 

collection on agricultural corporations. 
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7.2  Discussion 

 

Increasing efficiency within agricultural corporations has 

been raised as one of the topmost issues around the tremendous 

transformation in conditions of agricultural industry in South 

Korea. This has been mainly due to the opening and globalization 

of agricultural produce market along with the foundation of WTO. 

To root down, agricultural corporate system was introduced to 

increase size and scale of farm households and to promote 

specialized and systemized management entities with 

competency among the agricultural industry in Korea. Promotion 

and reformation of the system have steadily altered composition 

of rural economy from majority of small-and-weak farm 

households into growing share of agricultural business entities, 

recording 17,484 agricultural corporations in 2015, composed of 

11,792 (67.4%) farming associations and 5,692 (32.6%) 

agricultural business corporations. However, as the result of this 

study demonstrates, considerable number of agricultural 

corporations are at level of fairly extreme inefficiency.  

Recently, the government appeared active inducement of 

various farming organizations into corporate structure through 

joint management initiatives, such as ‘community corporations’ 

at village level and etc. Since the role of agricultural corporations 

are becoming more important as it perform as the main 

managerial body within local agriculture and rural economy, 

establishment of countermeasures for stabilized development of 

the corporations are required. Consequently, basing on the 

results, following suggests some managerial and policy 
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implications on the current agricultural corporation system to 

improve in terms of efficiency and to invigorate the static status 

in development among operation.  

First, expansion (or enlargement) of production structures 

within corporations – particularly in amount of assets and 

employees – is necessary, considering majority of agricultural 

corporations in IRS. This presents contrasting feature with the 

current state in decreasing annual sales and number of 

employees per corporation. This indicates that it is crucial to 

changeover the decreasing trend in order to retain and achieve 

original objectives in rightsizing and systemizing the agriculture 

beyond improvement in efficiency. While the current agricultural 

administration (by Moon) pays attention to issues on labor and 

employment among rural economy, measures on securing 

operational professionals and agricultural specialists as well as 

easing off conditions in domestic and foreign labor (employee) 

would be needed. In addition, encouraging participation of non-

agriculture existing population into agricultural corporate scheme 

should be fostered through providing various training programs 

to both young and old, and making connections with increasing 

popularity on ‘return-to-farm’ movement 39 . Furthermore, 

increasing equity and investment from external participants, such 

as co-operative firms, National Agricultural Co-operative 

                                           
39 ‘Return-to-Farm’ refers to flowback of people into agricultural sectors 

and rural villages from being participated in secondary and tertiary industries 

in urban areas. This not only includes the population of whom used to live and 

be participated in agricultural economy, but also the population of people, who 

have no experience in rural sectors. Along with the increasing trend, 330,000 

households returned to farming and/or moved residency into rural villages in 

2015 (KOSIS, 2017). 
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Federation, and/or municipalities should be induced to better off 

operation efficiency. 

Second, operational condition among agricultural processing 

and – particularly the distributing corporations appeared to be 

more inefficient compare to the other types of corporations. High 

degree of demand in governmental supports for facilities, 

securing market, vitalization of local food stores (farmer’s 

market etc.), direct marketing and etc. has been already made 

among the agricultural distribution industry. However, in spite of 

the efforts made from both distribution sectors and the 

government, the distribution network and channels among the 

agricultural and food industry has been pointed out for 

considerable amount of losses and inefficiency continuously. 

Thus, expanding APCs (Agricultural Product Processing Center) 

or introducing public processing and distribution facilities that 

can be leased out to individual firms should be examined and 

considered. Moreover, strengthening function of National 

Agricultural Co-operative Federation to promote contract 

farming and to procure translucent management system among 

distribution network would assist agricultural processing and 

distribution corporations to enhance its operations. 

Third, benchmarking efficient agricultural corporations in 

rational allocation of resources would enable improvement of 

operational status and increase competitiveness among 

inefficient agricultural corporations. In accordance with the 

growing trend in numbers and diminishing trend in size and scale 

of agricultural corporations, increasing efficiency among existing 

entities should be prioritized rather than promotion in 



- 114 - 

establishment of new entities. In this sense, medium-and long-

term initiatives (and/or programs) in passing on know-how and 

expertise of efficient agricultural corporations for improvement 

in inefficiency should be arranged and actively promoted. 

Fourth, municipalities of regions with relatively high degree 

of concentration in agriculture requires rather in-depth 

administration and supervision over existing agricultural 

corporations within the region. Intensive support, such as 

technical training and consulting programs for advance in 

business knowledge would not only assist improvement of 

corporations’ efficiency, but also provide outset for 

development in more effective and efficient rural and regional 

economy. 

Fifth, agriculture in South Korea still, in fact, fall far behind 

the level of development in other industries, even though 

productivity and distribution network improved in considerable 

degree comparing to past decades. Along with the focus of recent 

agricultural administration on diversification and vertical 

integration of business services, stability of management and 

operation among agricultural corporations should be raised from 

robust financial structure. Securing high profitable source of 

income through generating added-value from various services 

as well as reducing expenses and losses between stages of 

transactions are possible through participating and cooperating 

in multi-business activities. Attracting agricultural corporations 

into diversified sector of services would not only improve 

efficiency among processing and distribution industry, but also 

lead into more cooperative system and profitable structure 
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among the entire agri-food industry.  

At last, even though overall efficiency estimates appeared 

to be higher and to be more effective within the structure of 

agricultural business corporations, fairly low proportion 

appeared at the frontier compare to farming associations. This 

implies limitations in reflecting principle of free market in 

operation under structure of agricultural business corporation 

due to high degree of governmental intervention. Extreme and 

bipolarized operation within farming associations adds on to the 

necessities in improvement of entire structure and economy of 

agricultural market. Thus, this implies urgent task for not only 

the policy authorities, but also for related institutions to improve 

and enhance in pursuing market-oriented structure, and further 

develop towards sustainable agricultural industry promoting the 

economic and social stability. 

This study has applied bootstrapping technique to solve 

problems arising from stochastic factors of dataset and has 

attempted to compare characteristics of estimates driven from 

different DEA models. Efficiency of agricultural corporations was 

evaluated and analyzed to identify its determinants with 

consideration of operational structure, business classifications 

and regional concentration in agriculture. However, advanced 

analysis on time series trend was not feasible due to limitations 

in access to data. Moreover, analysis on business classifications 

that were not considered in this study remains as subject for 

future researches. 
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Appendix 

 

<Table 5-A1> Frequency of Bootstrapped Efficiency Scores – 

Classified by “Regions” 

Classification 
CCR BCC SBM 

Freq. % Freq. % Freq. % 

Metropolita
n Cities40 

Below 
0.5 

381 47.6 316 39.5 412 51.4 

0.5~0.6 218 27.2 232 29.0 255 31.8 

0.6~0.7 91 11.4 104 13.0 68 8.5 

0.7~0.8 51 6.4 73 9.1 34 4.2 

0.8~0.9 39 4.9 41 5.1 19 2.4 

0.9~1.0 16 2.0 23 2.9 11 1.4 

1.0 5 0.6 12 1.5 2 0.2 

Total 801 100 801 100 801 100 

Gyeonggi 
province 

Below 
0.5 

955 43.8 730 33.5 919 42.1 

0.5~0.6 215 9.9 415 19.0 255 11.7 

0.6~0.7 317 14.5 298 13.7 412 18.9 

0.7~0.8 481 22.1 493 22.6 399 18.3 

0.8~0.9 129 5.9 151 6.9 131 6.0 

0.9~1.0 69 3.2 71 3.3 54 2.5 

1.0 15 0.7 23 1.1 11 0.5 

Total 2,181 100 2,181 100 2,181 100 

Gangwon 
province 

Below 
0.5 

449 49.0 356 38.9 368 40.2 

0.5~0.6 256 27.9 312 34.1 259 28.3 

0.6~0.7 119 13.0 128 14.0 191 20.9 

0.7~0.8 47 5.1 59 6.4 64 7.0 

0.8~0.9 25 2.7 34 3.7 19 2.1 

0.9~1.0 13 1.4 18 2.0 11 1.2 

1.0 7 0.8 9 1.0 4 0.4 

Total 916 100 916 100 916 100 

                                           
40 Metropolitan Cities include Seoul, Incheon, Busan, Daejeon, Kwangju, Daegu 

and Ulsan. 
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Chung-
Nam 

province 

Below 
0.5 

505 39.9 512 40.5 582 46.0 

0.5~0.6 254 20.1 219 17.3 211 16.7 

0.6~0.7 201 15.9 195 15.4 189 14.9 

0.7~0.8 194 15.3 217 17.2 201 15.9 

0.8~0.9 59 4.7 68 5.4 47 3.7 

0.9~1.0 37 2.9 35 2.8 24 1.9 

1.0 15 1.2 19 1.5 11 0.9 

Total 1,265 100 1,265 100 1,265 100 

Chung-
Buk 

province 

Below 
0.5 

572 49.6 492 42.7 486 42.2 

0.5~0.6 312 27.1 345 29.9 348 30.2 

0.6~0.7 168 14.6 149 12.9 155 13.4 

0.7~0.8 69 6.0 71 6.2 91 7.9 

0.8~0.9 51 4.4 64 5.6 47 4.1 

0.9~1.0 18 1.6 15 1.3 17 1.5 

1.0 14 1.2 17 1.5 9 0.8 

Total 1,153 100 1,153 100 1,153 100 

Jeon-Nam 
province 

Below 
0.5 

814 40.2 726 35.8 800 39.5 

0.5~0.6 319 15.7 387 19.1 366 18.1 

0.6~0.7 398 19.6 418 20.6 401 19.8 

0.7~0.8 312 15.4 294 14.5 294 14.5 

0.8~0.9 99 4.9 122 6.0 101 5.0 

0.9~1.0 64 3.2 53 2.6 49 2.4 

1.0 21 1.0 27 1.3 16 0.8 

Total 2,027 100 2,027 100 2,027 100 

Jeon-Buk 
province 

Below 
0.5 

813 42.9 679 35.8 803 42.3 

0.5~0.6 299 15.8 386 20.3 277 14.6 

0.6~0.7 414 21.8 391 20.6 412 21.7 

0.7~0.8 222 11.7 259 13.7 295 15.6 

0.8~0.9 84 4.4 111 5.9 68 3.6 

0.9~1.0 48 2.5 51 2.7 33 1.7 

1.0 17 0.9 20 1.1 9 0.5 

Total 1,897 100 1,897 100 1,897 100 

Gyeong-
Nam 

province 

Below 
0.5 

547 36.6 431 28.8 643 43.0 

0.5~0.6 317 21.2 348 23.3 266 17.8 

0.6~0.7 289 19.3 319 21.3 248 16.6 
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0.7~0.8 203 13.6 193 12.9 196 13.1 

0.8~0.9 91 6.1 124 8.3 104 7.0 

0.9~1.0 29 1.9 48 3.2 22 1.5 

1.0 20 1.3 33 2.2 17 1.1 

Total 1,496 100 1,496 100 1,496 100 

Gyeong-
Buk 

province 

Below 
0.5 

583 41.1 490 34.6 546 38.5 

0.5~0.6 215 15.2 249 17.6 301 21.2 

0.6~0.7 317 22.4 322 22.7 296 20.9 

0.7~0.8 158 11.1 183 12.9 165 11.6 

0.8~0.9 88 6.2 97 6.8 67 4.7 

0.9~1.0 38 2.7 53 3.7 29 2.0 

1.0 19 1.3 24 1.7 14 1.0 

Total 1,418 100 1,418 100 1,418 100 

Jeju-do 

Below 
0.5 

418 44.9 318 34.2 356 38.2 

0.5~0.6 413 44.4 349 37.5 391 42.0 

0.6~0.7 41 4.4 97 10.4 118 12.7 

0.7~0.8 27 2.9 56 6.0 43 4.6 

0.8~0.9 17 1.8 31 3.3 14 1.5 

0.9~1.0 9 1.0 15 1.6 7 0.8 

1.0 6 0.6 9 1.0 2 0.2 

Total 931 100 931 100 931 100 

 

<Table 5-A2> Regional Ranking on Concentration in Agriculture 

and Efficiency Estimates 

Region 
Agri. 

GRDP/GRDP 
Rank VRS_AVG.TE Rank 

Metropolitan Cities 0.34% 10 0.561 9 

Gyeonggi province 1.10% 9 0.584 8 

Gangwon province 5.19% 5 0.594 7 

Chung-Nam province 4.31% 6 0.609 5 

Chung-Buk province 3.62% 7 0.598 6 

Jeon-Nam province 7.16% 3 0.635 2 

Jeon-Buk province 8.00% 2 0.626 3 
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Gyeong-Nam province 3.35% 8 0.641 1 

Gyeong-Buk province 5.34% 4 0.611 4 

Jeju Island 11.54% 1 0.538 10 

 

<Table 5-A3> Distribution of Efficiency Scores Measured by CCR 

Model 

Classification 

Technical 
Efficiency 

Pure Technical 
Efficiency 

Scale 
Efficiency 

Freq. % Freq. % Freq. % 

Inefficient 
(Bootstrap) 

Below 
0.5 

3,922 27.8 2,898 20.6 4,537 32.2 

0.5~0.6 2,497 17.7 2,909 20.7 2,334 16.6 

0.6~0.7 1,895 13.5 2,286 16.2 1,583 11.2 

0.7~0.8 1,820 12.9 1,688 12.0 1,368 9.7 

0.8~0.9 2,058 14.6 2,318 16.5 1,649 11.7 

0.9~1.0 1,775 12.6 1,847 13.1 2,097 14.9 

Efficient 
(Bootstrap) 

1.0 118 0.8 139 1.0 514 3.6 

Total 14,085 100 14,085 100 14,085 100 

 

<Table 5-A4> Distribution of Efficiency Scores Measured by SBM 

Model 

Classification 

Technical 
Efficiency 

Pure Technical 
Efficiency 

Scale 
Efficiency 

Freq. % Freq. % Freq. % 

Inefficient 
(Bootstrap) 

Below 
0.5 

3,270 23.2 3,493 24.8 3,253 23.1 

0.5~0.6 3,011 21.4 3,113 22.1 3,444 24.5 

0.6~0.7 2,341 16.6 2,048 14.5 1,765 12.5 

0.7~0.8 2,149 15.3 1,967 14.0 1,832 13.0 

0.8~0.9 1,791 12.7 1,912 13.6 1,796 12.8 

0.9~1.0 1,468 10.4 1,487 10.6 1,544 11.0 

Efficient 
(Bootstrap) 

1.0 55 0.4 65 0.5 451 3.2 

Total 14,085 100 14,085 100 14,085 100 
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<Table 6-A1> Determinants of the Technical Efficiency Measure by CCR Model (N = 10,914) 

Variable 
Model Ⅰ Model Ⅱ Model Ⅲ 

Coefficient T-Stat. Coefficient T-Stat. Coefficient T-Stat. 

O
p
e
ra

ti
o
n
a
l 

C
h
a
ra

c
te

ri
s
ti
c
s
 

Assets 2.0486×10-4 2.1943** 2.1095×10-4 2.1493** 2.0986×10-4 2.2248** 

Capital -4.0148×10-4 -1.0988 -4.5862×10-4 -1.3971 -4.3518×10-4 -1.5584 

Liability -2.2948×10-4 -2.7482*** -2.5471×10-4 -2.8759*** -2.3811×10-4 -2.5548** 

No. of 
Employees 

1.3942×10-3 1.9438* 1.5798×10-3 1.9322* 1.4416×10-3 1.9518* 

Cultivation 
Acreage 

-1.5964×10-4 -1.6948* -1.0554×10-4 -0.9117 -1.298×10-4 -1.3354 

Total Cost -1.1984×10-4 -1.5694 -1.4938×10-4 -2.0981** -1.2973×10-4 -1.9118* 

Region 1.1948×10-2 1.2049 1.3819×10-2 1.5379 1.2859×10-2 1.4982 

Operational 
Structure 

Farming 
Association 

  0.1943×10-4 1.9482* 0.1588×10-4 1.7188* 

Agri. Biz. 
Corporation 

  0.2197×10-4 1.6715* 0.1941×10-4 1.6248 

Period of 
Operation 
(years) 

under 4     -0.1794×10-3 -1.5486 

4 ~ 8     -0.0084×10-3 -0.0088 

9 ~ 13     0.1481×10-3 1.2266 

14 ~ 18     0.1394×10-3 0.9472 

19 or more     -0.1427×10-3 -1.5792 

Adjusted R2 0.041 0.039 0.059 

lnL -769.7184 -615.8481 -689.3386 
*. Statistical significance with P ≤ 0.05. / **. Statistical significance with P ≤ 0.01. / ***. Statistical significance with P ≤ 0.001. 
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<Table 6-A2> Determinants of the Technical Efficiency Measure by BCC Model (N = 10,914) 

Variable 
Model Ⅰ Model Ⅱ Model Ⅲ 

Coefficient T-Stat. Coefficient T-Stat. Coefficient T-Stat. 

O
p
e
ra

ti
o
n
a
l 

C
h
a
ra

c
te

ri
s
ti
c
s
 

Assets 2.1194×10-4 2.5618*** 1.9884×10-4 2.3278** 1.9117×10-4 2.4918*** 

Capital -3.2959×10-4 -1.6194 -3.4283×10-4 -1.5847 -3.6192×10-4 -1.5917 

Liability -2.4618×10-4 -2.6993*** -2.3196×10-4 -2.5946*** -2.2796×10-4 -2.3943*** 

No. of 
Employees 

1.1982×10-3 1.9493* 1.2948×10-3 1.9815** 1.0916×10-3 1.9698** 

Cultivation 
Acreage 

-1.2196×10-4 -1.7684* -1.1915×10-4 -0.7915 -0.9686×10-4 -0.9884 

Total Cost -1.0858×10-4 -1.7948* -1.2958×10-4 -1.6968* -1.1914×10-4 -1.6998* 

Region 1.4917×10-2 1.6842* 1.2981×10-2 1.3958 1.3811×10-2 1.4494 

Operational 
Structure 

Farming 
Association 

  0.1695×10-4 1.9472* 0.1498×10-4 1.9992** 

Agri. Biz. 
Corporation 

  0.1952×10-4 2.1948** 0.1818×10-4 2.4486*** 

Period of 
Operation 
(years) 

under 4     -0.1957×10-3 -1.8969* 

4 ~ 8     0.1495×10-3 0.0922 

9 ~ 13     0.1197×10-3 -0.1958 

14 ~ 18     -0.1419×10-3 -1.3847 

19 or more     -0.1691×10-3 -1.7118* 

Adjusted R2 0.064 0.121 0.098 

lnL -738.1956 -559.1295 -618.8478 
*. Statistical significance with P ≤ 0.05. / **. Statistical significance with P ≤ 0.01. / ***. Statistical significance with P ≤ 0.001. 
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<Table 6-A3> Determinants of the Technical Efficiency Measured by SBM Model (N = 10,914) 

Variable 
Model Ⅰ Model Ⅱ Model Ⅲ 

Coefficient T-Stat. Coefficient T-Stat. Coefficient T-Stat. 

O
p
e
ra

ti
o
n
a
l 

C
h
a
ra

c
te

ri
s
ti
c
s
 

Assets 2.3975×10-4 2.0984** 2.1965×10-4 2.2248** 2.4395×10-4 2.6948*** 

Capital -3.1092×10-4 -1.2486 -3.3148×10-4 -1.1948 -3.0846×10-4 -1.2285 

Liability -2.0164×10-4 -2.5177*** -2.3468×10-4 -2.7158*** -2.2296×10-4 -2.5947*** 

No. of 
Employees 

1.5816×10-3 1.6948* 1.2968×10-3 1.8114* 1.4211×10-3 1.9692*** 

Cultivation 
Acreage 

-1.3948×10-4 -1.7226* -1.0948×10-4 -0.9581 -1.2962×10-4 -1.8491* 

Total Cost -1.2195×10-4 -1.6991* -1.4418×10-4 -1.7148* -1.3919×10-4 -1.7982* 

Region 1.3984×10-2 1.6918* 1.2194×10-2 1.1196 1.1194×10-2 1.2984 

Operational 
Structure 

Farming 
Association 

  0.1482×10-4 1.8842* 0.1591×10-4 1.9948** 

Agri. Biz. 
Corporation 

  0.1761×10-4 1.7183* 0.14928×10-4 1.6818* 

Period of 
Operation 
(years) 

under 4     -0.1985×10-3 -1.5484 

4 ~ 8     0.1097×10-3 0.9116 

9 ~ 13     0.14916×10-3 1.4926 

14 ~ 18     -0.15395×10-3 -1.3928 

19 or more     -0.1296×10-3 -1.5942 

Adjusted R2 0.039 0.041 0.054 

lnL -612.4783 -599.1188 -658.8115 
*. Statistical significance with P ≤ 0.05. / **. Statistical significance with P ≤ 0.01. / ***. Statistical significance with P ≤ 0.001. 
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국문초록 

 

농업법인의 경영효율성 및  

효율성 결정요인 분석  
 

 

서울대학교 대학원 

농경제사회학부 

박지용 

 

본 연구는 국내 농업법인의 효율성 수준을 파악하고 효율성 

결정요인을 분석하여 현 농업법인의 경영 정황을 파악하고 개선을 

위한 정책적 시사를 도출하는데 그 목적이 있다. 농업법인은 

운영형태에 따라 농업회사법인과 영농조합법인으로 분류되며 

사업유형에 따라 농업생산, 가공판매, 유통판매, 농업서비스 

(영농대행) 등으로 분류할 수 있다. 이 논문은 매출액 규모와 수가 

가장 많은 농업생산, 가공판매, 유통판매 농업법인들을 대상으로 

하며, 주요한 세가지 사업유형과 두가지 운영형태를 중심으로 

결과를 도출한다. 분석은 비모수적 방법론 중 하나인 

자료포락분석(DEA: Data Envelopment Analysis)방법을 이용해 

투입·산출자료를 바탕으로 효율성을 측정하고, 토빗모형(Tobit 

Model)을 이용해 효율성에 영향을 미치는 요인을 분석하는 두 

단계(two-stage process)로 진행된다. 효율성 측정은 

자료포락분석의 개선된 형태인 부트스트래핑 자료포락분석 
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(Bootstrapped-DEA)방법이 세가지 모델(CCR, BCC와 SBM)로 

비교활용 되었으며 도출된 효율성 척도가 가장 일관성있고 

명시적이라고 판단되는 부트스트래핑 BCC 모델이 요인 분석에 

활용되었다. 

본 연구의 주요 발견점은 다음과 같다. 분석대상 농업법인 중 

효율성 값이 1인 효율적인 농업법인 수의 비중은 CCR모델에서 

5.1%, BCC모델에서 5.8%, 그리고 SBM모델에서 3.5%에 불과하며 

효율성 값이 0.5 미만인 농업법인의 수의 비중은 26.1% (CCR), 

24.6% (BCC), 그리고 33.2% (SBM)로 상당한 수의 국내 

농업법인이 비효율적으로 운영되고 있는 것으로 나타났다. 규모에 

대한 수익이 증가하는 농업법인은 전체 중 65.0%로 나타났으며 

28.7%는 규모에 대한 수익이 불변하고 6.3%는 규모에 대한 

수익이 감소하는 것으로 나타났다. 이는 한 단위의 투입 자원 증가 

시 산출량이 보다 더 증가한다고 해석할 수 있으며, 따라서 

투입자원에 대한 전반적인 확대가 바람직하다고 판단된다. 

두 운영형태의 정황을 비교분석한 결과, 전반적으로는 

농업회사법인이 영농조합법인에 비해 더 효율적인 것으로 나타났다. 

하지만 비교적 많은 영농조합법인의 측정된 효율성 값들이 

프론티어에 위치하거나 0.5 미만의 값으로 양극화 되어있는 것을 

미루어 보면 일부 정부지원의 수혜를 받는 영농회사법인과 그 외의 

영농회사법인들은 운영의 효율성에 있어 상당히 큰 격차가 있는 

것으로 판단되었다. 사업유형을 분류한 결과 농업생산법인이 

전반적으로 가장 효율적인 것으로 나타났으며, 농업가공법인과 

농업유통법인이 그 뒤를 잇따랐다. 또한, 농업가공법인과 

농업유통법인의 평균 효율성 값이 농업생산법인에 비해 현저히 

낮은 것으로 나타났으며, 이는 두 사업유형에 대한 운영과 정책에 

있어 추가적인 개선의 필요성을 명시한다. 

효율성 결정요인을 분석한 결과, 자산과 종사자 수의 규모가 
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클수록 농업법인의 효율성이 증가하는 것으로 나타났다.  

농업생산법인의 경우 운영기간이 9~13년과 14~18년인 법인들이 

효율성에 대해 양의 영향을 미치는 것으로 나타났으며, 반대로 

운영기간이 4년 미만인 신설의 법인들과 운영기간이 19년 이상인 

노후한 법인들은 효율성에 대해 음의 영향을 미치는 것으로 

나타났다. 또한 농업법인이 위치한 지역의 농업에 대한 

지역집중도(GRDP)가 높을수록, 다양한 사업활동(생산, 가공, 유통, 

등)을 제공할 수록 농업법인의 효율성이 증가하는 것으로 나타났다. 

이러한 분석 결과는 농업법인제도가 전문성과 경영능력을 

갖춘 조직경영체 육성을 통해 영농의 규모화를 추진하고 

농업지역의 경제개발대안으로 도입되었음에도 불구하고 

현(現)농업법인이 운영에 있어 상당한 비효율성을 지녔음을 

나타낸다. 또한 농업법인의 운영형태, 사업유형, 지역 등에 따른 

현(現)농업법인제도의 정책적이고 전략적인 개선 방안에 대한 

중요한 시사점을 제공한다. 이는 지역농업의 경제적 이익을 위한 

농업법인의 효율성을 증가시킴과 더불어, 향후 사회적으로, 

경제적으로 지속가능한 국내 농산업 발전에 이바지할 것으로 

기대된다. 

 

주요어: 농업 법인, 농업회사법인, 영농조합법인, 자료포락분석, 

결정요인분석, 토빗 모형 
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