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Abstract - This paper applied the Cobb-Douglas stochastic frontier production function and the panel data model with time-
varying fixed effects to analyze the 11-year panel data of 31 provinces in Shandong, Guangdong, Hunan, Henan, and Beijing, 
and then study and explore these Provincial agricultural technical efficiency. The results show that the Cobb-Douglas fixed 
effects stochastic frontier model can effectively evaluate the technical efficiency of different provinces. Through analysis, 
we can see that the technical efficiency of most provinces in China is on the rise. On the one hand, we see that the 
provincial-level differences in the technical efficiency of agriculture in China are very different. For example, as of the end 
of 2012, Guangdong and Shandong are close to the production boundary. In particular, the technical efficiency of 
Guangdong Province is as high as 0.9999 for 11 consecutive years. However, the technical efficiency of Tibet, Qinghai, and 
Ningxia are very low, especially in Tibet. Its annual average technical efficiency is only 0.0211. On the other hand, the 
difference in provincial technical efficiency also indicates that there is still much room for improvement in the technical 
efficiency and productivity of underdeveloped provinces. 
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I. INTRODUCTION 
 
Agriculture is the foundation for China’s economic 
development, social stability, and national prosperity. 
As the most populous country in the world, China’s 
agriculture has achieved remarkable achievements 
since reform and opening up. However, China, as a 
large agricultural country with vast territory, has 
uneven agricultural development in various regions, 
and the policy of one-size-fits-all agriculture is 
sometimes not satisfactory during the implementation 
process. From 2001, China joined the World Trade 
Organization (WTO), and in 2006 the agricultural tax 
was abolished. In 2007, subsidies for agricultural 
machinery at the provincial level were abolished. 
Policy support was accompanied by the existence of 
competitive pressures, and it has long been facing the 
constraints of population growth and shortage of land 
resources. How to increase the productivity of 
agriculture and maintain the long-term stable 
development of agriculture under the constraints of 
limited resources has always been the concern of the 
Chinese government. 
 
To address these issues, this study will use theCobb-
Douglas fixed effects stochastic frontier model to 
analyze the agricultural performance of 31 provinces 
in China, and then measure their technical efficiency 
levels by comparison. Analyze the reasons for the 
high technical efficiency in the developed provinces 
of agriculture, provide lessons for the underdeveloped 
provinces of agriculture, and encourage the 
underdeveloped provinces of agriculture to improve 
their agricultural technical efficiency and production  

 
capacity. The rest of this paper is as follows: Section 
II reviews relevant literature. Section III introduces 
fixed effects and stochastic frontier models and 
introduces data sets. Section IV gives empirical 
results. Section V gives the main conclusions and 
makes recommendations. 
 
II. LITERATURE REVIEW 
 
Regarding the research on agricultural technology 
efficiency, the stochastic frontier model (SFM) 
independently proposed by Aigner et al. andMeeusen 
and Broeckis a breakthrough[1, 2], After the SFM 
was proposed, there has been considerable research to 
expand and apply this model. Greene extended the 
fixed effects model to stochastic frontiers, explaining 
unmeasured heterogeneity and corporate 
inefficiencies[3]. Liu et al. analyzed farmers in 
northern and central Thailand through the Zero 
Efficiency Random Frontier Model (ZISFM) and 
found that the decisive factor affecting their technical 
efficiency was whether they had received university 
education[4]. Li et al. used the zero-efficiency SFM 
to analyze the technical efficiency of top 12 
agriculturally-producing countries in Asia. It was 
found that the zero-efficiency SFM was suitable for 
the analysis of agricultural technology efficiency and 
efficiency[5]. Ma et al. used the translog SFM model 
to analyze the technical efficiency of provincial 
agricultural production levels in China, and found 
that the increase in agricultural population and 
education investment has a positive impact on 
improving technical inefficiency[6]. 
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We know that the early panel data model assumes 
that the production activities are technically 
inefficient, and this hypothesis is based on time-
invariant technical efficiency. In other words, the 
longer the panel, the more difficult it is to establish 
this hypothesis. However, Cornwell et al. relaxed the 
hypothesis. They summarized and promoted the 
results of Hausman and Taylor, and estimated the 
time - varying technical efficiency level of American 
airlines[7, 8].  Due to the restricted form of the 
bivariate normal distribution may lead to strong 
biased estimates of technical efficiency and 
parameters. In order to overcome this limitation and 
explain the selectivity of the data, Smith proposed a 
Copula-based SFM with associated error components, 
and the model was also generalized[9]. 
 
III. ECONOMETRIC METHODOLOGY 
 
3.1.StochasticFrontier Model 
As described by Wooldridge [10], the fixed effects 
model can be used to correct the problem of 
estimating group heterogeneity that may be biased 
toward observability. Greene also discussed the 
estimation of fixed effects in a random boundary 
model[3]. We refer to the two’s conclusions. First, we 
construct the Cobb-Douglas production function with 
Translog SFM function to estimate the elasticity of 
input, as follows: 
 
log Y
α ∑ α ln x ,

                    ∑ ∑ α ln x , , ln x , v u (1) 
 
where Y is the logarithm of the agriculture 
production of the i-th province at year t, x ,  is the j-
th in the logarithm of the j-th input used by the i-th 
province in the t-th period, the production input 
variables in this study are labor, land, mechanical 
power, fertilizer, plastic membranes, α , α  are the 
denotes the parameters of the input elasticity on 
output,α  is the alternative elasticity between input 
jand input k,v  and u are the error term.Assume that 
the normal distribution of v is v ~N 0, σ .Suppose 
u obeys a semi-normal distribution with mean m  
and variance σ . 
 
3.2. The technical efficiency 
The technical efficiency of each province is measured 
by:   
TE =exp u (2) 
The value of technical efficiency (TE ) is between 0 
and 1,When the result shows that a province is below 
the frontier (inefficiency), then u >0 and TE <1. On 
the contrary, when the result shows that a province is 
higher than the frontier (full efficiency), it means that 
when u =0, TE =1. 
 
 

3.3.The Data 
This study used panel data from 31 provinces in 
China from 2002 to 2012, including Shandong, 
Beijing, Hunan, Anhui and Yunnan provinces. All 
data indicators come from the National Bureau of 
Statistics of China (NBSC), which provided us with 
341 observation samples. The dependent variable is 
agricultural output. The independent variables are 
labor, land, mechanical power, fertilizer and 
geomembrane. As shown in Table 1. 
 

Table 1：Data description 

Variables Description Measurement 
Output(y) The sum of the 

added value of 
agriculture 

10  Yuan 

Labor(x ) The number of 
employees in 
the agricultural 
industry 

10 Person 

Land(x ) The area of 
cultivated area 
and non-
cultivated area 
of crops 

10 Hectare 

Mechanical(x ) The total power 
of the 
agriculture 
machines 

10  
Kilowatts 

Fertilizer(x ) The amount of 
fertilizer used 

10  Ton 

Geomembrane(x ) The sum of the 
plastic 
membrane for 
agriculture used 

10  Ton 

Observation 341 
 
IV. EMPIRICAL RESULTS 
 
According to the 11-year technical efficiency (TE) of 
31 provinces in China, we have selected the top three 
and the last three provinces of the annual average 
technical efficiency, namely Guangdong, Shandong, 
Henan, Ningxia, Qinghai and Tibet. In the 11 years of 
development, the technical efficiency of Guangdong 
Province has remained stable from 2002 to 2012, and 
the annual technical efficiency is up to 0.9999, close 
to the production frontier. The average annual 
technical efficiency of Ningxia, Qinghai, and Tibet is 
relatively low, especially in Tibet. In 2010, its 
technical efficiency was only 0.0176. It can be seen 
that the technical efficiency of China’s agricultural 
provinces varies greatly, and the gap between 
underdeveloped agricultural areas and production 
frontiers also shows that there is still room for 
improvement in the technical efficiency and 
productivity of these provinces. Details are shown in  
Fig. 1: 
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Fig.1.Annual technical efficiency of Guangdong, Shandong, 

Henan, Ningxia, Qinghai, and Tibet 
 
Table 2 summarizes the annual average agricultural 
technical efficiency of 31 provinces for 11 years.We 
can see that the province with the highest annual 
average agricultural technology efficiency is 
Guangdong, and the annual average technical 
efficiency in Tibet is the lowest, and the difference 
between the two is up to 0.9788. This shows that the 
regional imbalance in agricultural development in 
China is very serious. At the same time, in addition to 
Beijing, Tianjin and Shanghai, the provinces that are 
dominated by secondary and tertiary industries 
(because agriculture in these provinces has a 
relatively low share of GDP, they are not included in 
the comparison) ，  the annual average technical 
efficiency of Qinghai and Ningxia is also very low, 
and their value is less than 0.1. It can be said that 
reducing the technical efficiency gap between the 
developed agricultural provinces and the 
underdeveloped agricultural provinces is a pressing 
matter of the moment. 

Table 2 Technical Efficiency Scores, 2002-2012 (average values) 

Rank Province Mean 

1 Guangdong 0.9999 

2 Shandong 0.9111 

3 Henan 0.7254 

4 Zhejiang 0.7183 

5 Shandong 0.7156 

6 Zhejiang 0.7135 

7 Jiangsu 0.6801 

8 Fujian 0.6478 

9 Guangxi 0.5818 

10 Hubei 0.5359 

11 Liaoning 0.5223 

12 Anhui 0.4650 

13 Yunnan 0.4143 

14 Jiangxi 0.4007 

15 Heilongjiang 0.3686 

16 Jiling 0.3391 

17 Shanxi 0.3196 

18 Neimenggu 0.3101 

19 Chongqing 0.2871 

20 Xinjiang 0.2742 

21 Guizhou 0.2671 

22 Hainan 0.2347 

23 Gansu 0.1966 

24 Shanxi 0.1667 

25 Hunan 0.1231 

26 Tianjin 0.0561 

27 Beijing 0.0499 

28 Shanghai 0.0485 

29 Ningxia 0.0477 

30 Qinghai 0.0348 

31 Tibet 0.0211 
 
Table 3 shows the estimated results of the Cobb-
Douglas fixed effects stochastic frontier production 
model. Regarding the coefficient, we can use it as the 
output elasticity. Specifically, the elasticity of the 
land is 0.5386, its coefficient is between the lower 
limit of 0.2262 and the upper limit of 0.8509, and this 
interval does not contain 0, indicating that the land 
has a positive impact on agricultural production, with 
statistical significance. This may be related to the 
improvement of arable land transfer and large-scale 
operations in China and avoiding the land policy of 
arable land fragmentation caused by disorderly 
expansion. Therefore, it is very important to improve 
the land utilization rate.On the other hand, the 
elasticity of the geomembrane is 0.0353. Although it 
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is positive, its coefficient is between the lower limit 
of -0.0682 and the upper limit of 0.175. This interval 
includes zero, that is, it is not significant, which is 
inconsistent with the actual situation. The elasticities 
of the labor, mechanical power, and fertilizers are -

0.2969, -0.0811, and -0.0085, respectively. The upper 
and lower limit values include 0, which means that 
they are not significant and conform to the actual 
situation. 

 
Table 3 Cobb-Douglas Time-Varying Fixed-EffectsPanel Stochastic Frontier Model estimate 

Time-varying fixed-effects model (CSS Modified-LSDV)                                Number of obs=   341 
Group variable: Province Number of groups =31 

Time variable: year Obs per group: min =11 
avg =      11.0 
Max=     11 

Y Coef. Std. Err. z P>|z| 
[95% 
Conf. 

Interval] 

In(labor) -0.2969 0.2731 -1.09 0.277 -0.8322 0.2384 
In(land) 0.5386 0.1594 3.38 0.001 0.2262 0.8509 

In(mechanical) -0.0811 0.1568 -0.52 0.605 -.3885 0.2263 
In(fertilizer) -0.0085 0.1622 -0.05 0.958 -0.3264 0.3095 

In(geomembrance) 0.0535 0.0621 0.86 0.389 -0.0682 0.1752 
In labor  -0.2671 0.1929 -1.38 0.166 -0.6452 0. 1112 
In land  -0.5239 0.2085 -2.51 0.012 -0.9324 -0.1153 
In mechanical  -0.0033 0.1492 -0.02 0.982 -0.2958 0.2892 
In fertilizer  0.0567 0.0827 0.69 0.493 -0.1054 0.2189 
In geomembrance  -0.0038 0.0221 -0.17 0.864 -0.0469 0.0393 

In(labor)_ In(land) 0.6626 0.3154 2.10 0.036 0.0444 1.2809 
In(labor)_In(mechanical) -0.1937 0.2166 -0.89 0.371 -0.6181 0.2307 
In(labor)_ In(fertilizer) -0.1529 0.1898 0.81 0.421 -0.2192 0.5251 

In(labor)_In(geomembrance) -0.0448 0.0877 -0.51 0.609 -0.2167 0.1271 
In(land)_ In(mechanical) 0.4688 0.2551 1.84 0.066 -0.0312 0.9689 

In(land)_ In(fertilizer) 0.0796 0.1936 0.41 0.681 -0.2999 0.4591 
In(land)_ In(geomembrance) 0.0449 0.0941 0.48 0.634 -0.1397 0.2295 
In(mechanical)_ In(fertilizer) -0.3325 0.1686 -1.97 0.049 -0.6629 -0.0021 

In(mechanical)_In(geomembrance) -0.0223 0.0752 -0.30 0.767 -0.1697 0.1252 
In(fertilizer)_ In(geomembrance) 0.0533 0.0642 0.83 0.407 -0.0726 0.1792 

Sigma u 1.1124      
Sigma v 0.0546      

 
CONCLUSION 
 
This study used the Cobb-Douglas fixed 
effectsStochastic Frontier Production Model to 
analyze 11 years of technical efficiency in 31 
provinces in China. As expected, the Cobb-Douglas 
fixed effects stochastic frontier production model can 
effectively assess the technical efficiency of different 
provinces. Through the analysis of technical efficiency, 
we find that China’s developed agricultural provinces 
are close to the technological frontier, but the 
technical efficiency of underdeveloped provinces is 
still very low. Through the analysis of factor inputs, 
we find that the land is the most influential 
agricultural production factor in China. Based on the 
above analysis, the following conclusions are drawn: 
(1) Farmers should avoid fragmentation of cultivated 
land caused by disorderly expansion, and optimize the 
allocation of land resources. The state should 
introduce relevant policies or financial support to 
increase the efficiency of agricultural production; (2) 
It is necessary to carry out cultural education and 

training for farmers so that farmers can scientifically 
grow crops and operate agricultural machinery and 
equipment; (3) Mutual learning between the provinces 
is also very important. It is suggested that provinces 
with low technical efficiency should learn from highly 
technical efficiency provinces in order to improve the 
efficiency of agricultural technology. 
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