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Abstract 

 

Properly solving agricultural problems has been considered as the most important national 

work in the world. A series of policies to strengthen agriculture, benefit farmers, and enrich 

rural areas are proposed to ensure the stable growth of agriculture and establish firm basis for 

economic and social stability and the healthy development. The stable growth of agriculture 

directly affects the economic and social stability and the healthy development in China. For 

this reason, DEA is applied to comprehensively evaluate the overall efficiency (technical 

efficiency*scale efficiency) of the agricultural production inputs (agricultural chemical 

fertilizer, agricultural machinery power, agricultural labor, and agricultural acreage) in China, 

according to the 2014 agricultural production data of 31 provinces, to further analyze the 

factors in the low agricultural production technical efficiency. The empirical results show that 

the agricultural production inputs exist in relative technical efficiency, but are lack of scale 

efficiency. Besides, the disparity is large among eastern, central, and western areas. 

Correspondent strategies and suggestions are eventually proposed in the conclusion. 

 

Keywords: Agricultural economics. Input/output efficiency. DEA model. Spatial disparity 

 

1. Introduction 

  

For many years, properly solving agricultural problems has been considered as the 

critical national work in the world, and a series of policies to strengthen agriculture, benefit 

farmers, and enrich rural areas are proposed to ensure the stable growth of agriculture and 
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establish firm basis for economic and social stability and the healthy development. 

Apparently, the basic function of agriculture to influence national economy and the people’s 

livelihood is continued now and in the future. Agricultural production involves in the input 

and allocation of agricultural resources that inputs with different quantity and proportion 

would result in distinct effects on agricultural production efficiency. Yu et al. (2012) indicated 

that introducing new modern agricultural production to have agriculture become the source to 

enhance economic growth is the key to transform traditional agriculture. A key point to 

transform traditional agriculture into modern agriculture is to apply new and beneficial 

technical supply. China is a major agricultural country. The high-efficiency agricultural 

production would directly influence the economic and social stability and is the primary basis 

to realize “China Dream”. Tomas & Alvydas (2014) stated that, being a big country, 

agricultural productivity was always the core to increase national wealth in China. 

A lot of researchers have stressed on the importance of industrial management of 

agriculture. Studying the total factor productivity (FTP) of agricultural production 

input/output, searching for the power source to enhance the high-efficiency growth of 

agricultural economics in China, and promoting and establishing sustainable modern 

agriculture in the industrial management of agriculture present important realization meaning 

and theoretical value. By carding international literatures, a lot of researchers have studied 

total factor productivity. For instance, Wang et al. (2014) proposed the equivalence of FTP 

growth and technology advance to offer an important route for economic growth. 

Unfortunately, the change of technical efficiency was not taken into consideration. This study 

therefore analyzes the measure of agricultural production input/output efficiency and the 

spatial disparity in China. 

 

2. Literature review 

2.1.  Factors in agricultural production 

 

Izadikhah (2011) pointed out the factors in agricultural development, including 

(1)constant optimization of agricultural production regional distribution and agricultural 

production pattern, (2)constant promotion of farming technology, (3)continuous increase of 

the needs for agricultural products in domestic markets, (4)large support of policies, 

(5)continuous extension of agricultural industrial chain, (6)size of business, (7)level of 

mechanization, and (8)level of technology application.  

Lotfi et al. (2012) mentioned that the agricultural production pattern for agricultural 

development should be continuously optimized and high-efficiency cash crops should remain 

faster growth, especially the comprehensive development from food-centered to food crops 

and cash crops. Soltane Bassem (2014) indicated that agricultural state-of-the-art technology 

was largely promoted to promote dominant species and hot techniques that the standard of 

http://www.custoseagronegocioonline.com.br/


Measure of agricultural production input/output efficiency and the spatial disparity analysis in China 

Li, X.; Zhang, Y.; Liang, L. 
 

Custos e @gronegócio on line - v. 13, n. 2, Abr/Jun - 2017.                                     ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

410 

agricultural equipment should be significantly enhanced. Çelen (2013) stated that, in order to 

enhance agriculture and rural development, interest subsidy, joint stock investment, and 

preferential tax policy supported the development of agricultural businesses to facilitate the 

development of leading enterprises and reinforce the ability to create good conditions.  

Matousek & Tzeremes (2016) pointed out the factors of population conditions, arable 

land distribution, and level of mechanization in agriculture. According to land size and the 

possession of agricultural resources, family or farmer was generally regarded as the unit for 

agricultural management. In comparison with developed countries, the arable land per capita 

was little and the average size of arable land was small. King et al. (2016) pointed out the 

distinct function of farming factors in farming among agricultural production patterns. 

Farmers had to enhance the productivity of soil relying on the natural recovery, thoroughly 

utilize soil, fertilizer, plant nutrition, and cultivation technology to transfer the potential of 

plants, as well as apply modern scientific technology, according to effective cultivation, to 

make up the insufficiency of soil so as to enhance the plant production and quality.  

Tan & Floros (2012) stated that modern scientific technology solved the high 

production problem in traditional agriculture. Chang et al. (2014) argued that technology was 

necessary for enhancing the yield of crops, establishing the basis of material adjustment in 

crop farming, applying quality seeds and find methods, actively promoting yield level, and 

enhancing agricultural ability against natural disasters. 

 

2.2. Performance evaluation 

 

Financial performance is normally measured with financial indicators, as finance is a 

tool to evaluate corporate performance (Kubick & Lockhart, 2016). The purpose to measure 

business performance lies in managers inspecting the goal achievement of the organization 

and judging the advance of corporate performance. Since the idea of business performance is 

huge and abstract, the measurement standard would be changed.  

It is generally classified into financial indicators (such as return on investment, return 

on sales, and revenue growth) (Baldwin et al., 2012) and non-financial indicators (e.g. 

customer satisfaction, new product launch, or policy goal rate, employee productivity, and 

R&D of product process) (Špička & Machek, 2016). Taking single standard as the 

measurement indicator, Lozano & Gutiérrez (2011) pointed out the final standard which an 

organization had to achieve, such as productivity, net profit, organizational development, and 

stability.  

Tomas & Alvydas (2014) considered that the evaluation of several top performances 

was more easily investigated and analyzed and could be designed and operated aiming at 

particular needs. However, such indicators revealed distinct evaluation aspects, level, and 

applicability of organizations; and, the relationship was not clear. 
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Merkert & Hensher (2011) classified organizational performance into financial 

performance and operational performance. For financial performance, financial indicators 

based on output were applied to measure the achievement of economic goal of an enterprise. 

Such kind of indicators covered sales growth, return on investment, and earnings per share. 

Operational performance, or non-financial performance, was the evaluation indicator to 

measure technical efficiency, such as market share, new product introduction, product quality, 

and added value creation.  

Wang et al. (2014) indicated that there were multiple standards for the evaluation of 

financial indicators; depending on the research subject and domain, a single concept could be 

utilized, such as return on assets (ROA), return on sales (ROS), return on equity (ROE), and 

sales growth (Deng et al., 2011). Liu (2011) mentioned that financial indicators contained net 

marginal profit, return on assets (ROA), return on investment (ROI), overall competitive 

position, and general profitability. Vlontzosl & Theodoridis (2013) divided financial 

indicators into return on investment (ROI), return on sales, gross profit, cash flow, earnings 

per share, return on equity, income growth, and sales growth. 

 

2.3. Data Envelopment Analysis 

 

 Lu (2013) stated that Data Envelopment Analysis was the efficiency evaluation 

mathematical model developed by Charnes et al. in 1978. The common default function was 

replaced by non-default production function to estimate the efficiency. Besides, the 

mathematical planning model was applied to calculate the efficiency frontier curve, and the 

actual output was compared with the original production function. It was the so-called 

efficiency.  

Wilmsmeier et al. (2013) regarded envelopment as the theoretical basis of DEA. The 

basic principle was established in 1972, based on Pareto Optimality. It was defined that no 

one could increase personal profits without damaging others’ profits. Zhang & Choi (2013) 

regarded DEA as an efficiency model without considering the multi-output and multi-input 

weight setting which compared all DMUs with the quantitative results, select DMUs with 

better performance, and draw the curve of all efficient DMUs. It was the efficiency frontier. 

The distance between observation and efficiency envelope of individual DMU was calculated 

for the relative efficiency.  

Tomas & Alvydas (2014) concluded that DEA was a relative indicator, which was the 

efficiency boundary constructed through linear planning and according to the actual 

observation. Besides, the efficiency of an organization was measured with the difference of 

individual observation and efficiency boundary as the relative inefficiency. 

Data Envelopment Analysis (DEA) is utilized for evaluating efficiency in this study. 

Vlontzosl & Theodoridis (2013) indicated that, different from traditional Regression Analysis 
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which searched the average route merely through the points in a series of data, it enveloped 

the data of various samples and tried to find out the relationship as well as presented the 

advantages which a good efficiency evaluation model should cover. The method applied 

linear planning, considered the factors which could be used for measuring the performance of 

each evaluated unit, and would compare the performance of units with similar features. 

 

3. Research methodology 

3.1. Research subject 

 

Modified Delphi Method is used in this study to enhance the benefit of questionnaire 

survey, allow experts directly focusing on the research subject and objectively selecting 

input/output. To evaluate the agricultural production input/output efficiency, 31 provinces 

(cities, autonomous region) in China are sampled. According to the agricultural production 

features and the data availability, agricultural chemical fertilizer (1000 ton) x1, agricultural 

machinery power (10000 kilowatt) x2, agricultural labor (10000 persons) x3, and agricultural 

acreage (1000 hectare) x4 of the provinces in 2014 are regarded as the input indicators, and 

total output value of agriculture (100 million dollars) is the output indicator, Table 1. Such 

data are acquired from DRCnet, China Rural Statistical Yearbook 2015, and 2015 Statistical 

Yearbook of the provinces. 

 

3.2. Definition of input/output 

 

I. Input variables: 

  1. Agricultural chemical fertilizer (10000 ton) x1 

  2. Agricultural machinery power (10000 kilowatt) x2 

  3. Agricultural labor (10000 persons) x3 

  4. Agricultural acreage (1000 hectare) x4 

II. Output variable: 

  1. Total output value of agriculture (100 million dollars) 

 

4. Empirical analysis 

4.1 Evaluation of agricultural input/output efficiency in China 

 

DEA is utilized for evaluating the input/output efficiency of DMUs, and the results are 

shown in Table 1. 
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Table 1:  Analysis of CCR input oriented model 

Area 

Overall 

efficiency 

Pure technical 

efficiency 

Scale 

efficiency Result 

Beijing 0.942 1 0.942 Increasing returns to scale 

Tianjin 0.752 0.789 0.953 Increasing returns to scale 

Hebei 0.743 0.942 0.788 Decreasing returns to scale 

Shanxi 0.572 0.573 0.998 Decreasing returns to scale 

Inner Mongolia 0.459 0.495 0.929 Decreasing returns to scale 

Liaoning 0.96 0.996 0.964 Decreasing returns to scale 

Jilin 0.689 0.69 0.998 Decreasing returns to scale 

Heilongjiang 0.72 1 0.72 Decreasing returns to scale 

Shanghai 1 1 1 Unchanged returns to scale 

Jiangsu 0.841 1 0.841 Decreasing returns to scale 

Zhejiang 0.998 1 0.998 Decreasing returns to scale 

Anhui 0.447 0.474 0.944 Decreasing returns to scale 

Fujian 1 1 1 Unchanged returns to scale 

Jiangxi 0.555 0.602 0.922 Decreasing returns to scale 

Shandong 0.759 1 0.759 Decreasing returns to scale 

Henan 0.51 0.998 0.511 Decreasing returns to scale 

Hubei 1 1 1 Unchanged returns to scale 

Hunan 0.83 0.935 0.887 Decreasing returns to scale 

Guangdong 0.875 1 0.875 Decreasing returns to scale 

Guangxi 0.657 0.833 0.789 Decreasing returns to scale 

Hainan 1 1 1 Unchanged returns to scale 

Chongqing 0.841 1 0.841 Decreasing returns to scale 

Sichuan 0.926 1 0.926 Decreasing returns to scale 

Guizhou 0.99 1 0.99 Decreasing returns to scale 

Yunnan 0.63 0.714 0.882 Decreasing returns to scale 

Tibet 0.709 1 0.709 Increasing returns to scale 

Shanxi 0.885 1 0.885 Decreasing returns to scale 

Gansu 0.836 0.838 0.997 Decreasing returns to scale 

Qinghai 0.93 1 0.93 Increasing returns to scale 

Ningxia 0.489 0.5 0.98 Increasing returns to scale 

Xinjiang 0.58 0.836 0.694 Decreasing returns to scale 

 

Analysis of relative efficiency. From Table 1, Hainan, Fujian, Hubei, and Shanghai   

are relatively efficient in 2014; that is, the overall efficiency, pure technical   efficiency, and 

scale efficiency appear 1. It reveals that the agricultural production   inputs in such four areas 

are relatively reasonable, without inadequate production   inputs or input redundancy. The 

agricultural production input/output in other areas   is relatively insufficient, showing that the 

agricultural production efficiency in such   areas has not reached the best state and the 

agricultural production inputs could be   optimized. 

Analysis of pure technical efficiency. From Table 1, the pure technical efficiency   of 

Beijing, Heilongjiang, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Hubei,   Guangdong, 

Hainan, Chongqing, Sichuan, Guizhou, Tibet, Shanxi, and Qinghai   appears 1, explaining 
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that such areas could effectively develop the agricultural   production to maximize the output. 

The agricultural production presents larger dependence on technology that the agricultural 

production presents stronger sustainability. The agricultural production pure technical 

efficiency of the rest areas   is less than 1, showing that the weaker dependence of the 

agricultural production on technology, but mainly depending on the input of natural resources. 

Analysis of scale efficiency. From Table 1, Shanghai, Fujian, Hubei, and Hainan   

show the scale efficiency 1. Meanwhile, such areas are at the stage of unchanged   returns to 

scale, revealing that the agricultural production inputs of such four areas   achieve the best 

combination. Furthermore, Beijing, Tianjin, Tibet, Qinghai, and   Ningxia are at the stage of 

increasing returns to scale, demonstrating that the   increasing agricultural production gross is 

larger than the increasing inputs and the   agricultural production presents intensive features 

so that more increasing   agricultural outputs could be acquired by continuously increasing the 

agricultural production inputs. Finally, the scale efficiency of Hebei, Shanxi, Inner Mongolia,  

Liaoning, Jilin, Heilongjiang, Jiangsu, Zhejiang, Anhui, Jiangxi, Shandong, Henan,  Hunan, 

Guangdong, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Shanxi,  Gansu, and Xinjiang 

is less than 1, and they are at the stage of decreasing returns to  scale. It explains that the 

increasing agricultural outputs are less than the agricultural  production inputs, meaning that 

increasing production inputs, under current technology standards, would not result in more 

increasing outputs. To acquire more returns to scale, it is necessary to enhance the agricultural 

production technical efficiency. 

Analysis of input redundancy. Since the CCR model in this study applies   input-

oriented analyses, it mainly analyzes the input redundancy problem under current outputs, but 

not concerning about inadequate outputs. When the production exists in input redundancy, 

there is input surplus. Theoretically, the production inputs could be reduced. The calculation 

results are shown in Table 2. 

 

Table 2: Analysis of input redundancy based on input indicators 

Area 

X1 input 

redundancy 

X2 input 

redundancy 

X3 input 

redundancy 

X4 input 

redundancy 

Beijing 0.000 0.000 0.000 0.000 

Tianjin -7.303 -367.363 -7.503 -59.517 

Hebei -19.354 -4861.51 -46.153 -207.492 

Shanxi -51.083 -1765.09 -204.619 -592.017 

Inner Mongolia -112.521 -1835.63 -226.826 -1378.93 

Liaoning -0.652 -617.431 -1.087 -5.505 

Jilin -117.469 -1707.54 -114.097 -344.317 

Heilongjiang 0.000 0.000 0.000 0.000 

Shanghai 0.000 0.000 0.000 0.000 

Jiangsu 0.000 0.000 0.000 0.000 

Zhejiang 0.000 0.000 0.000 0.000 

Anhui -179.659 -3350.06 -830.636 -1865.96 
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Fujian 0.000 0.000 0.000 0.000 

Jiangxi -56.811 -842.358 -141.791 -920.767 

Shandong 0.000 0.000 0.000 0.000 

Henan -265.867 -24.948 -1658.48 -270.105 

Hubei 0.000 0.000 0.000 0.000 

Hunan -16.002 -1711.28 -71.583 -591.991 

Guangdong 0.000 0.000 0.000 0.000 

Guangxi -43.32 -1201.96 -186.646 -230.669 

Hainan 0.000 0.000 0.000 0.000 

Chongqing 0.000 0.000 0.000 0.000 

Sichuan 0.000 0.000 0.000 0.000 

Guizhou 0.000 0.000 0.000 0.000 

Yunnan -64.907 -1433.23 -1072.23 -433.798 

Tibet 0.000 0.000 0.000 0.000 

Shanxi 0.000 0.000 0.000 0.000 

Gansu -15.77 -584.082 -168.09 -183.833 

Qinghai 0.000 0.000 0.000 0.000 

Ningxia -20.855 -599.072 -39.022 -3460.46 

Xinjiang -59.414 -383.827 -74.719 -3460.46 

 

   From Table 2, Tianjin, Hebei, Shanxi, Inner Mongolia, Liaoning, Jilin, Anhui, Jiangxi,  

Henan、Hunan, Guangxi, Yunnan, Gansu, and Xinjiang appear different degree of input 

redundancy. Among such areas, merely Tianjin is at the stage of increasing returns to scale, 

while the rest areas are at the stage of decreasing returns to scale. It reveals that Tianjin could 

not thoroughly develop the potential of returns to scale possibly because of small input scale 

or the further enhancement of technical efficiency. The production redundancy appears in 

other areas possibly because of large production input scale or low production technical 

efficiency. 

 

4.2. Spatial disparity analysis of agricultural input/output efficiency in China 

 

According to the comprehensive technology, the average technical efficiency in western 

areas is in the middle, while the central areas appears the lowest and the eastern areas the 

highest. According to the quartile level of the comprehensive technical efficiency, Inner 

Mongolia, Xinjiang, Shanxi, Ningxia, Henan, Anhui, Jiangxi, and Yunnan show low level, 

while Hubei, Zhejiang, Guizhou, Fujian, Hainan, Liaoning, Shanghai, and Beijing present 

high level. 

According to the comprehensive technology, the average technical efficiency in western 

areas is in the middle, while the central areas shows the lowest and the eastern areas the 

highest. According to the quartile level of the comprehensive technical efficiency, Shanxi, 

Ningxia, Anhui, Jiangxi, Yunnan, Jilin, Tianjin, and Inner Mongolia reveal low level, while 
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Heilongjiang, Tibet, Shandong, Jiangsu, Hubei, Zhejiang, Guizhou, Fujian, Guangdong, 

Hainan Qinghai, Shanxi, Chongqing, Shanghai, Beijing, and Sichuan appear high level. 

 

According to the comprehensive technique, the average technical efficiency in western 

areas is in the middle, while the central areas present the lowest and the eastern areas the 

highest. According to the quartile level of the comprehensive technical efficiency, Hebei, 

Guangxi, Heilongjiang, Xinjiang, Tibet, Shandong, and Henan are in the low level, while 

Shanxi, Hubei, Zhejiang, Fujian, Hainan, Jilin, Gansu, and Shanghai are the high level. 

 

5. Conclusion 

 

With the measurement of agricultural production input/output efficiency of the 

provinces in China in 2014, the agricultural production in China presents relatively technical 

efficiency, but the scale efficiency is relatively lack of development. Overall, merely Hainan, 

Fujian, Hubei, and Shanghai appear 1 on overall efficiency, pure technical efficiency, and 

scale efficiency, meaning that the agricultural production inputs are relatively reasonable. 

From the aspect of pure technical efficiency, 16 areas show the pure technical efficiency 1, 

and about a half of the areas do not achieve the optimal agricultural production technical 

efficiency. From the aspect of scale efficiency, 22 areas appear decreasing returns to scale on 

the scale efficiency, explaining seriously uncoordinated agricultural input/output proportion. 

Meanwhile, the agricultural production input/output efficiency reveals significant difference 

among various areas. The agricultural production overall efficiency, pure technical efficiency, 

and scale efficiency are high in eastern areas; the agricultural production overall efficiency 

and pure technical efficiency appear the lowest in central areas; and, western areas show the 

lowest scale efficiency. 

 

6. Recommendations 

 

As a result, the following suggestions are proposed in order to enhance the agricultural 

production input/output efficiency in China: 

I. Reinforce agricultural production human resource allocation and enhance the quality of 

agricultural labors. Labors are the key input in agricultural production efficiency. When 

the standard of agricultural production technicians and the labor quality is enhanced, the 

bottleneck of current agricultural production development could be broken through. 

Specifically speaking, under the new opportunity of “innovation+entrepreneurship”, the 

cultivation of “innovation” staff in agricultural science should be largely reinforced. 

Meanwhile, the education and training is expanded, the agricultural education inputs are 

enlarged, and rural occupational education and agricultural production technology 
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standard are developed to enhance the quality of agricultural technicians. 

II. Reasonably allocate agricultural production inputs and optimize production 

input/output efficiency. From above analyses, at least 14 areas appear agricultural 

production input redundancy in 2014; especially, Hebei, Shanxi, Inner Mongolia, Anhui, 

and Hunan reveal larger redundancy on the agricultural machinery power. It shows 

unreasonable agricultural production inputs in such areas. When the input/output 

allocation efficiency is optimized, the output level could be enhanced. Specifically 

speaking, it could enhance the use efficiency of agricultural machines and tools, develop 

the level of mechanization based on local conditions, and establish the diversified 

agricultural mechanization promotion system to promote the agricultural mechanization 

input/output effect. On the other hand, the use of agricultural chemical fertilizers could be 

reasonably allocated. For instance, Henan, Jilin, and Inner Mongolia could be reduced the 

use of agricultural chemical fertilizers, reasonably allocated the proportion of other 

production inputs, and explored the substitution of other agricultural production organic 

fertilizers with higher scientific and technological contents. 

III. Enhance the agricultural production technical efficiency level and accelerate the 

development and application of agricultural new technologies. Areas with redundant 

agricultural machinery power, agricultural chemical fertilizers, and agricultural labor 

should focus on the development and application of agricultural new technologies to break 

through the bottleneck of agricultural production so as to change the condition of 

decreasing returns to scale. Specifically speaking, it could enhance the research and 

engagement of agricultural machines and the use efficiency. On the other hand, the quality 

cultivation of agricultural labor could be reinforced by actively introducing agricultural 

production technologies. 

VI. Formulate agricultural production development strategies with regional differences. 

Since there are differences in agricultural development efficiency among eastern, central, 

and western areas, it is necessary to classify regions, province (city, autonomous region), 

and gradient model of development. From the empirical analyses, the unbalanced 

agricultural production development among the provinces in China is resulted from the 

agricultural resources of provinces and regions and spatial disparity of agricultural 

technical efficiency and scale efficiency. In order to comprehensively promote the 

balanced growth of rural economy, it could not simply establish a same develop mode, but 

the differential agricultural development strategies should be formulated according to the 

actual situations in provinces and regions. 
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