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Abstract 

 

A panel dataset covering 23 Chinese provinces over 11 years is used to analyze the 

productivity and efficiency change in China’s rice production during the new farm subsidies 

years. We find that all the major producing regions are relatively efficient and majority of 

years have witnessed high average efficiency scores range from 0.918 to 1.000. 

Decomposition results of Malmquist index indicated that the average productivity (MALM) 

decreased over the entire period and the major source of decline was technical change. 

Technical efficiency changes had little contribution to Chinese rice productivity growth. At 

the regional level, almost all provinces had negative average growth rates in total productivity 

and technical change during the 2003-2013 periods. Influence of the new farm subsidies on 

rice farms’ efficiency is not significant. The deterioration in technical change in all provinces 
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indicates that China has great potential to increase its productivity through technical progress. 

Increasing expenditure on agricultural R&D and education, raise the literacy rate among the 

rural population, targeting grain subsidies to liquidity-constrained households, improve and 

upgrade the technology promotion system may help farmers to improve efficiency and 

productivity in rice production.  

 

Keywords: Data Envelopment Analysis. Efficiency change. Malmquist productivity index.  

 

1. Introduction 

 

Since implementation of economic reform in 1978, Chinese agricultural productivity and 

efficiency have become a popular topic among scholars. According to the State Statistical 

Bureau (2000), grain production increased from 304.8 million tons to 407.3 million tons in 

1979-1984 and Chinese agriculture output grew at a rate of 7.7% per annum over the period 

from 1952–1978. Fast and steady growth in agriculture attracted much attention. Mao and 

Koo (1997) found that high-speed productivity growth has mainly been due to technical 

progress, and enhancing rural education and research can improve technical efficiency and 

productivity in agricultural production. Lin (1987) estimated 94% of the productivity growth 

contribution to the household responsibility system in1978-1984. However, in recent years, 

the contribution on the growth was not significant (Fan et al 2004), and after decades of high-

speed growth, China's agricultural productivity slowed down (Ma and Feng 2013). In 1998, 

grain yields have significantly declined, from 512.3 million tons in 1998 to 430.7 million tons 

in 2003. Tan et al (2010) believed that land fragmentation is an important determinant of 

technical efficiency in early-rice and one-season rice production, and increase average plot 

size can increase rice farmers’ technical efficiency. Ma and Feng (2013) found that the 

opening economy, improvement of transport infrastructure and relaxing of the hukou system 

also have significant effects on the technical efficiency.  

In order to increase grain production and improve agricultural efficiency, the China 

government introduced direct subsidies to farmers and phase out agricultural tax. In 2003, 

Anhui, Jiangxi, Jilin, Henan and other provinces were chosen as pilot areas for grain 

subsidies. After the pilot surrey, in 2004, grain subsidies were put into practice all over the 

country. According to the “No. 1 Document” the Chinese Communist Party issued in 2004, 

there are four types of major subsidy payments, including grain subsidies (in Chinese-liangshi 

butie), comprehensive input subsidies(nongzi zonghe butie), high-quality seed subsidies 

(liangzhong butie) and machinery subsidies(nongji gouzhi butie). Between 2004-2013 
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subsidies from the Ministry of Finance to agricultural sector rose by many times (Fig. 1). In 

2013, the grain output has increased to 601.9 million tons and sown area increased from 

99.41million ha in 2003 to 111.96 million ha in 2013. It seems that grain subsidies have the 

function of improving grain output.  

 

 
Figure 1: Agricultural subsidies in China, 2004–2013. 
Source: National Bureau of Statistics of China (NBSC), 2005–2013 

 

Numerous studies have been conducted to analyze the impact of the new farm subsidies 

program in China. Kong (2006) and Xiao (2010) found that grain subsidies have improved the 

enthusiasm of farmers to grow grain. The farmers not only expanded grain area, but also re 

cultivation waste farmland and increased agriculture inputs, such as labor and fertilizer (lei 

2008). Zhan (2012) indicated that implementing the grain subsidy program has increased 

grain production and improved farm income. Using micro-survey data, Yi et al (2015) found 

that the grain subsidy program in China had a positive effect on grain-sown areas and 

production. On the other hand, Zhang (2011) argued that the amount of the subsidy per farm 

is small and impact of the grain subsidies on grain production is not significantly. Huang et al 

(2011) showed that the subsidy program has improved the income of farmers in some degree; 

however, it not significantly impacted grain production in terms of grain-sown areas and 

agricultural inputs.  

The above discussions show that researchers have studied the change of grain area, farm 

income, grain production and agricultural inputs in subsidy years. However, few studies have 

addressed the productivity and efficiency change in the subsidy period, which is very 

important for government to make strategic adjustment. Taking the major grain-producing 

region in China as study area, the present research attempts to estimate the productivity and 
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efficiency change in rice production with a panel data set comprising 23 provinces for the 11-

year period 2003–2013. Since we cannot get the grain subsidies for rice in every province 

during the study period, this paper does not do regression analysis between subsidies and rice 

efficiency.  

    The remainder of the paper is organized as follows. The next section briefly describes the 

study area. Section 3 presents the dataset and methodology used to measure productivity and 

efficiency. Section 4 measures efficiency value using the DEA method. Section 5 measures 

productivity and efficiency change using the Malmquist (MALM) index approach followed 

by concluding remarks in the final section. 

 

2. Study Area 

 

China is the world’s largest rice producer and consumer. Rice planting area accounts for 

about 30% of the sown area of grain crops. As the world's second-largest country by land 

area, geography, topography and climatic conditions are different in China. Hence, grain 

production mainly from the main producing area. The main grain producing area of China 

contributes about 3/4 of national total grain yield. Grain production status of this area directly 

affects China’s grain production capacity. In this paper, in order to preserve data consistency, 

some municipalities and provinces have been excluded. At last, the main producing area 

consists of 23 provinces in China. Owing to climate differences, farmers in China can plant 

four types of rice: Japonica, early indica rice, mid indica rice and late indica rice. Japonica is 

mainly planted in Hebei, Inner Mongolia, Liaoning, Jilin, Heilongjiang, Jiangsu, Zhejiang, 

Anhui, Shandong, Henan, Hubei, Yunnan and Ningxia province. Early indica rice is mainly 

planted in Zhejiang, Anhui, Fujian, Jiangxi, Hubei, Hunan, Guangdong, Guangxi and Hainan 

province. Min indica rice is mainly planted in Jiangsu, Anhui, Fujian, Henan, Hubei, Hunan, 

Chongqing, Sichuan, Guizhou and Shanxi province. Late indica rice is mainly planted in 

Zhejiang, Anhui, Fujian, Jiangxi, Hubei, Hunan, Guangdong, Guangxi and Hainan province.  
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3. Methodology and Data  

3.1. DEA modle 

 

Charnes, Cooper and Rhodes (1978) proposed a model which had an input orientation 

and assumed constant returns to scale(CRS). However, the CRS assumption is only 

appropriate when all decision making units (DMUs) are operating at an optimal scale. Banker, 

Charnes and Cooper (1984) suggested an extension of the CRS DEA model to account for 

variable returns to scale (VRS) situations. This more accurately reflects operations and the 

management level of DMU. The DEA can be either input or output orientated. The former is 

to reduce resource input to the greatest extent to improve efficiency under the condition that 

the output remains unchanged, while the latter is to increase output efficiency evaluation 

under the condition that the input factors remain unchanged (Coelli 1996). As for rice 

production efficiency evaluation, it is easy to control input. Hence, we choose to adopt the 

VRS input-orientated DEA in this paper.  

For a given time period, there are n DMUs. xi and yr are input and output vectors for the 

representative DMU with m inputs and s outputs respectively. 

              （ ）1  

Where Xij (i=1,2,…,m) is the ith input variabe of the jth DMU; Yrj (j=1,2…,s) is the rth 

output variable of the jth DMU. The VRS input-orientated DEA model is as follows(Wang, et 

al., 2012): 

                                (2) 

θ in the above equation represents efficiency value of each DMU, and 0≤θ≤1, i.e., θ= 1 

shows a technically efficient DMU; θ<1shows a technically inefficient DMU.  

 

3.2. Malmquist index 

 

The malmquist indexes were established by Caves et al (1982) based on the distance 

functions (Mao and Koo 1997). It is quantity based, more suitable to China’s situation (Tong 

and Sesmero 2009). Hence, in this paper we used province-level data for years 2003-2013 to 

construct a Malmquist productivity index. As specified by Caves et al. (1982) this index is:   
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                              (3) 

    M
t
 index measures the productivity changes from time period t to time period t+1 under the 

technology in time period t. D
t 
is the output distance function in time period t, and x

t
 and y

t
 

are inputs and outputs in time period t. The technical efficiency changes at time period t and 

time period t+1 could also be calculated under the technology in time period t+1. The 

Malmquist index is defined as:  

                        (4) 

According to Färe et al (1994), the output-oriented malmquist index can be decomposed 

into two components, efficiency change and technical change based on CRS. If relax the CRS 

assumption and allow for variable returns to scales (VRS) technology, the efficiency change 

index can further be decomposed into pure technical efficiency change index and scale 

efficiency change index, as follows (Färe et al 1994): 

 

 

 

                       (5) 

Where , and 

                        (6) 

The PTEC (VRS) is pure technical efficiency change based on VRS; SEC (CRS, VRS) is 

scale efficiency change based on CRS and VRS; Dc and Dv are the distance functions based 

on CRS and VRS. EC > 1 indicates the increase of rice efficiency from time period t to time 

period t+1; EC =1 means the rice efficiency remains stable during period t to time period t+1; 

EC < 1 shows the decrease of rice efficiency. 
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3.3. Data 

 

The data used in this study are from various issues of the Farm Production Costs and 

Returns Survey 2004-2014. A detailed description of the Farm Production Costs and Returns 

Survey can be found in Tian and Wan (2000). Rice production output used in the study is the 

average output of rice per mu (15 mu = 1 hectare = 2.471 acres). Rice production input 

includes pesticides expenses, mechanical power expenses, irrigation expenses, labor, seed and 

fertilizer. Labour we used salaries paid to hired labor. Pesticides, mechanical power and 

irrigation expenses represent the annual cost for rice production. Seed is the seed amount used 

in rice production. Fertilizer refers to the sum of pure weights of potash, nitrogen, phosphate 

and complex fertilizer. Rice production inputs used in the study are all the average input of 

rice per mu. The rice input and output in every province is the average value of Japonica, 

early indica rice, mid indica rice and late indica rice.  

 

4. Results  

4.1. Efficiency change  

 

Figure 2 depicts average technical efficiencies and scale efficiencies of rice production in 

China’s main grain producing area. Over the sample period, the mean technical efficiency of 

rice production in China is 0.942 and 0.983 under CRS and VRS assumptions, respectively. 

Average TE under CRS for the sample was 0.977, 0.995, 0.984 and 0.973 for Japonica, early 

indica rice, mid indica rice and late indica rice, respectively. Average TE under VRS for the 

sample was 0.990, 0.997, 0.995 and 0.985 for Japonica, early indica rice, mid indica rice and 

late indica rice, respectively. Average scale efficiency scores for the sample were 0.986, 

0.998, 0.990 and 0.987 for Japonica, early indica rice, mid indica rice and late indica rice, 

respectively. The majority of years have average efficiency scores in the range of 0.918–

1.000. Variations in technical and scale efficiencies over time are small. This implies that rice 

production in China was consistently efficient and close to the best-practice frontier during 

this period. These findings are generally consistent with the results of Tan et al (2010) and 

Tian and Wan (2000), who found similar trends for rice efficiency in China. The mean 

technical efficiency under CRS and scale efficiency of different crop are not exhibited the 

same trend. The mean technical and scale efficiency of the early indica rice is the highest 
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during the study year. Technical efficiency of mid indica and Japonica fluctuating range are 

relatively great, while late Indica rice presents a falling trend by 2008.  

 

 

 
       Figure 2: Technical and scale efficiencies in China 

 

Figure 3 and Figure 4 present spatial-temporal variation of technical efficiencies under 

CRS and VRS in major grain-producing area in 2003, 2008 and 2013. In 2003, thirteen 

provinces (56.5%) are best practice under CRS and eighteen (78.3%) under VRS. There are 

some provinces that operate close to the frontier and Shandong is the most technically 

inefficient province in rice production, followed by Henan and Hebei provinces. This agrees 

closely with the results of Mao and Koo (1997) , who found Shandong  was  the  most  

technically  inefficient  province  in  agricultural  production during 1984-1993 period. In 

2008, the province number of best practice under CRS is decreased to 10(43.5%). While the 

province number of scored well under VRS are not changed much and technically efficient in 

Ningxia is decreased. In 2013, provinces number best practice under CRS and VRS are not 

changed much, 9 and 18, respectively. Hebei is the most technically inefficient province in 

rice production, followed by Yunnan and Guangxi. Among the 23 provinces, seven of them 

(Heilongjiang, Jiangsu, Zhejiang, Fujian, Chongqing, Sichuan, Shanxi) were consistently 

efficient and lie on the best-practice frontier over the sample period. From the spatial 
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distribution of technical efficiency under CRS in 2013, most of the major producing regions 

are relatively efficient. Seven provinces (Henan, Hainan, Guizhou, Guangdong, Guangxi, 

Yunnan, Hebei) have some potential for efficiency improvement.  

 

 
Figure 3: Spatial-temporal variation of technical efficiencies (CRS) in major grain-

producing area (2003-2013) 
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Figure 4: Spatial-temporal variation of Technical efficiencies (VRS) in major grain-

producing area (2003-2013) 

 

The Scale efficiency indexes of 23 province-level cities in 2003, 2008 and 2013 are 

presented in Fig. 5. Among the 23 technology provinces, seven of them (Heilongjiang, 

Jiangsu, Zhejiang, Fujian, Chongqing, Sichuan, Shanxi) were consistently efficient and lie on 

the best-practice frontier during this period. Nine provinces are best practice or close to best 

practice in the three time period, implying that the average size of rice farms is not far from 

the optimal size. However, six provinces (Hebei, Guangdong, Guangxi, Hainan, Guizhou, and 

Yunnan) are operating under decreasing returns to scale. Hebei was the most scale inefficient 

province in rice production, followed by Yunnan and Guizhou in 2013. Provinces located in 

South China (Yunnan, Guizhou, Guangxi, Guangdong and Hainan) are the most scale 

inefficient units, and are considerably have some potential for scale improvement. 
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Figure 5: Spatial-temporal variation of scale efficiencies (CRS) in major grain-

producing area (2003-2013) 

 

4.2. Decomposition results of the malmquist index  

 

In this study, we decomposed the Malmquist productivity index into the efficiency 

change (EFFI) index and technical change (TECH) index. To identify the change in scale 

efficiency, EFFI was further decomposed into PUREFF and SCAL. To obtain the Malmquist 

productivity (MALM) indexes and other indexes for each provinces and each crop, we use the 

DEAP2.1 to calculate the output distance functions. The results show that the average 

productivity growth (MALM) for Japonica, early indica rice, mid indica rice and late indica 

rice was -5.8%, -6.0%, -7.6%, and -7.3%, respectively (Table 1). Low productivity growth 

rate reflects lower growth rate in output and high growth rates in the use of six inputs. 

Observing the two components of MALM, the average technical change index (TECH) is 

found to be -6.0%, -6.2%, -7.6%, and -7.1%, respectively, while the efficiency change index 

(EFFI) were 0.2%,0.2%,0%, and -0.2% for the same crop, respectively. This result imply that 

the decrease of total factor productivity in Chinese rice production mainly contributes to the 
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decline of technical change. The decrease in technical efficiency was partly owing to the 

decline in scale efficiency. The pure efficiency change index (PUREFF) for Japonica, early 

indica rice, mid indica rice and late indica rice was 0.2%, 0%, 0.1%, and 0.1%, respectively. 

Growth in pure efficiency was very small. So it cannot bring higher efficiency growth.   

 
Table 1: Average annual changes of Malmquist indexes by crop 

Year Crop EFFI TECH PUREFF SCAL MALM 

2003-2004 

Japonica 0.992 1.002 1.015 0.978 0.994 

Early Indica 1.016 0.927 1.003 1.013 0.941 

Mid Indica 1.021 1.088 1.000 1.020 1.111 

Late Indica 0.989 0.857 1.006 0.983 0.848 

2004-2005 

Japonica 1.008 0.899 0.994 1.014 0.906 

Early Indica 0.988 0.906 0.990 0.998 0.895 

Mid Indica 0.963 0.967 0.980 0.983 0.931 

Late Indica 1.003 0.865 0.990 1.013 0.867 

2005-2006 

Japonica 1.012 0.946 1.011 1.001 0.957 

Early Indica 1.008 0.983 1.010 0.998 0.991 

Mid Indica 1.038 0.759 1.025 1.013 0.788 

Late Indica 1.012 0.992 1.001 1.011 1.003 

2006-2007 

Japonica 1.009 0.948 0.996 1.012 0.956 

Early Indica 1.004 0.945 1.000 1.004 0.949 

Mid Indica 1.005 0.986 1.001 1.004 0.991 

Late Indica 1.011 0.944 1.012 1.000 0.955 

2007-2008 

Japonica 0.970 0.978 0.979 0.992 0.949 

Early Indica 1.000 0.975 1.000 1.000 0.975 

Mid Indica 0.998 0.903 0.999 0.999 0.901 

Late Indica 0.989 0.983 0.990 0.999 0.972 

2008-2009 

Japonica 1.023 0.964 1.019 1.004 0.986 

Early Indica 0.992 1.025 0.993 0.999 1.017 

Mid Indica 0.987 0.959 0.994 0.993 0.946 

Late Indica 1.001 0.927 1.004 0.997 0.928 

2009-2010 

Japonica 0.996 0.880 0.998 0.998 0.876 

Early Indica 1.000 0.848 1.000 0.999 0.847 

Mid Indica 1.020 0.878 1.009 1.011 0.896 

Late Indica 1.006 0.877 1.003 1.003 0.882 

2010-2011 

Japonica 0.980 1.005 0.979 1.001 0.985 

Early Indica 1.001 0.943 1.003 0.998 0.944 

Mid Indica 0.972 0.893 1.000 0.972 0.868 

Late Indica 0.972 0.969 0.997 0.976 0.943 

2011-2012 

Japonica 1.018 0.872 1.027 0.991 0.888 

Early Indica 1.002 0.923 1.000 1.002 0.924 

Mid Indica 1.029 0.938 1.000 1.029 0.965 

Late Indica 1.004 0.977 0.996 1.008 0.982 

2012-2013 

Japonica 1.011 0.916 0.999 1.012 0.927 

Early Indica 1.006 0.919 1.004 1.002 0.924 

Mid Indica 0.972 0.906 0.999 0.973 0.881 

Late Indica 0.993 0.907 1.009 0.984 0.901 
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 From a regional perspective, all provinces had negative average growth rates in total 

productivity during the 2003-2013 periods (Table 2). Guizhou had the greatest decline in 

MALM because of its poorest performance in technical change. Among the total 23 

provinces, five provinces, Anhui, Jiangxi, Shandong, Henan and Ningxia, had positive 

average growth rates in technical efficiency. 8 provinces did not have any improvements in 

technical efficiency and 10 provinces with negative growth in technical efficiency. In 2003-

2013, almost all provinces displayed a decline trend in technical change. Jiangxi, Shandong 

and Henan were the only three provinces with positive growth in pure efficiency, while 

Anhui, Jiangxi and Ningxia were the only three provinces had improvement in scale 

efficiency. These findings are generally consistent with the result of Chen and Li (2008), who 

found similar trend for MALM, EFFI and TECH in rice production during the 1978-2005 

periods. 

 

Table 2: Annual and cumulative productivity growth and decompositions of rice, 2003–2013 

Provinces EFFI TECH PUREFF SCAL MALM 

Hebei 0.995 0.912 1 0.995 0.908 

Inner Mongolia 1 0.909 1 1 0.909 

Liaoning 0.999 0.902 1 0.999 0.901 

Jilin 0.994 0.92 0.994 1 0.915 

Heilongjiang 1 0.93 1 1 0.93 

Jiangsu 1 0.939 1 1 0.939 

Zhejiang 1 0.932 1 1 0.932 

Anhui 1.001 0.925 0.999 1.002 0.926 

Fujian 1 0.936 1 1 0.936 

Jiangxi 1.007 0.929 1.004 1.003 0.935 

Shandong 1.022 0.894 1.033 0.99 0.913 

Henan 1.012 0.926 1.012 1 0.937 

Hubei 0.998 0.915 1 0.998 0.913 

Hunan 0.992 0.954 1 0.992 0.947 

Guangdong 0.983 0.927 0.997 0.987 0.912 

Guangxi 0.986 0.943 0.991 0.995 0.929 

Hainan 0.988 0.915 1 0.988 0.904 

Chongqing 1 0.93 1 1 0.93 

Sichuan 1 0.943 1 1 0.943 

Guizhou 0.986 0.8 1 0.986 0.789 

Yunnan 0.995 0.957 1 0.995 0.952 

Shanxi 1 0.907 1 1 0.907 

Ningxia 1.005 0.903 1 1.005 0.908 

 

 There are mainly six reasons for the decline of technical change index: (1) Chinese 

farmers faced rising input prices from 2003. The rice production costs per mu (fuel, 
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electricity, fertilizer, seeds and so on) were 416.66 RMB in 2003, while in 2013 the costs 

were increased to 1511.11 RMB, an increase of 1094.45 RMB. However, the profit per mu 

only increases 57.49 yuan in the study period. Although the Chinese government introduced 

subsidies to farmers, subsidies accounted for only a small portion of the gross revenue (Gale, 

et al., 2005). High production costs and low profit affected farmers' enthusiasm for growing 

rice, and they were reluctant to use the new technology. (2) High yield technology, such as 

hybridization breeding and hybridization breeding, has been popularized application, and the 

function of technological progress was not obvious now. (3) The main techniques for rice 

production are not clear. Although there are many advanced equipment for rice production, 

farmers do not know how to choose and how to use properly, resulting in the effect of 

technical progress is not concentrated (Xu and Yang, 2012). (4) Since 1978, China 

experienced unprecedented economic growth and become the world's fastest growing 

economies. Rapid economic growth in urban areas resulted large-scale rural–urban migrations 

in China. A large number of young farmers engaged in non-agricultural industries in big cities 

and left women, the elderly and children engaged in agricultural production. This undoubtedly 

will affect the improvement of the production efficiency. (5) Agricultural research and 

production practice are always separated under the existing system. Although the total amount 

of scientific and technological achievements has gradually expanded. However, the effective 

technologies framers really need are in short supply. (6) Overall education level of farmer is 

still low, impact the application of new technology. Therefore, the effective utilization of 

technology is not high. 

 

5. Conclusions  

 

A panel data set consisting of 23 provinces in China over a period of 11 years was 

used to evaluate rice production productivity and efficiency. The objective of the paper was to 

investigate the agricultural subsidies on China rice farms’ performance in terms of technical 

efficiency, scale efficiency and productivity growth. Results suggest that rice production in 

China was consistently efficient and close to the best-practice frontier during this period. The 

mean technical and scale efficiency of the early indica rice is the highest in 2003-2013. 

Distribution of efficiency scores across the 23 provinces showed that most of the major 

producing region is relatively efficient, and only a few provinces have some potential for 
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efficiency improvement. Decomposition results of Malmquist index indicated that the average 

productivity (MALM) decrease at -5.8%, -6.0%, -7.6%, and -7.3% annually over the entire 

period for Japonica, early indica rice, mid indica rice and late indica rice, respectively. The 

major decrease of total factor productivity in Chinese rice production mainly contributes to 

the decline of technical change. Efficiency changes had little contribution to Chinese rice 

productivity growth. At the regional level, almost all provinces had negative average growth 

rates in total productivity and technical change during the 2003-2013 periods.  

Above studies indicate there is still much room for improvement in efficiency for Chinese rice 

farms. It seems that effect of subsidisation on rice farms’ efficiency is not significantly. This 

finding is consistent with the studies of Huang et al. (2013), who found China’s large grain 

subsidy does not operate effectively. The rapid deterioration of technical change during the 

three sub-periods implies that polices should be enacted to increase expenditure on 

agricultural R&D and education, raise the literacy rate among the rural population, targeting 

grain subsidies to liquidity-constrained households , improve, enrich and upgrade the 

technology promotion system.  
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