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Abstract- Agriculture plays an overwhelmingly important role in the overall economic scenario in the top agricultural 
producing countries in Asia. This study analyzes the agricultural productivity and technical efficiency through examining 
agricultural performance in top twelve agricultural producing countries listed as China, India, Indonesia, Pakistan, Thailand, 
Vietnam, Bangladesh, Philippines, Myanmar, Japan, Malaysia, and Korea Republic. Zero inefficiency stochastic frontier 
model is applied as an econometric approach based on time series data of the twelve Countries mentioned above from 1961 
to 2013. This study reveals that ZISFM could successfully estimate technical efficiency of both efficient and inefficient firms 
while the traditional SFM assumes that all of firms are inefficient. Moreover, the sampled countries are close enough to 
production frontier but they still have room to improve technical efficiency and productivity. Thus, technology improvement 
and knowledge diffusion might enhance agricultural technical efficiency and productivity. 
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I. INTRODUCTION 
 
With the development of service industry and 
manufacture, the contribution of agriculture to 
economic growth has declined; still, agriculture 
indeed plays an overwhelmingly important role in the 
overall economic scenario in Asia. About 40 percent 
of the land in this whole region is used for agriculture 
and another 30 percent is forested. Meanwhile more 
than 30 percent of labor force engages in agricultural 
occupations. More importantly, agriculture accounts 
for a large proportion of a given country’ gross 
domestic product (GDP) and has an outstanding 
performance in international stage. Thus, Agriculture 
has been historically counted as the backbone and the 
engine of the economic system for most of countries 
in Asia. 
According to U.S. Department of Agriculture, China, 
India, Indonesia, Pakistan, Thailand, Vietnam, 
Bangladesh, Philippines, Myanmar, Japan, Malaysia, 
and Korea Republic are the top twelve agricultural 
producing countries in Asia in terms of gross value of 
agricultural output (GVAO) in recent years and 
agricultural average value of output from 1961 to 
2013. Agriculture serves as a dominant backbone 
among these agricultural-based countries (except 
Japan and Korea Republic). Agriculture is a 
particularly important source of GDP, especially in 
Pakistan and Myanmar. Agriculture in Pakistan 
accounts for 24.81percent of GDP in Pakistan and 
29.53 percent in Myanmar. These numbers have 
much higher proportion than that of other countries. 
While agriculture of Japan only takes up 1.14% of 
GDP and for Korea Republic only accounts for 
2.34% of GDPdue to the development of industrial 
and service sector (The world bank, 2013). In 
addition, Agriculture also provides job opportunities 

to a very large percentage of population and reduces 
the unemployment rate in those countries. For 
instance, agriculture contributed almost 28.3% to 
total employment in China in 2015 and over 50% in 
Myanmar; Over 58 percent of the rural households 
rely on agriculture to meet their needs for food in 
India. Agriculture provided jobs for around 41.4 
million Indonesian, which accounted for 35.09 
percent of the total labor force in Indonesia in 2013. 
Moreover, 45 percent of Pakistani labor force took up 
an occupation in agriculture (Pakistan Bureau of 
Statistics, 2012). National Statistical Office of 
Thailand noted that 40% of Thai people work in 
agriculture field and 16 million of them are rice 
farmers. More than half of total population in 
Vietnam make a living on agriculture; this number 
goes to 11million in Philippines. Agriculture was the 
largest employment sector in Bangladesh, which 
provided 47% of the total population in 2016. 
Agriculture employed 1,753.9 thousand people in 
2015 in Malaysia. In a word, agriculture is 
indispensable to a certain country’s employment. 
Additionally, agriculture also plays a vital role in 
international trade, poverty alleviation, social 
stability, economic development and national 
prosperity. 
However, agriculture in those countries is facing 
several challenges such as low productivity, high 
production costs, lower yielding, and domination of 
traditional technology. For instance, agricultural 
productivity in India is relatively low because of the 
farmer’s low literacy rates and deficiency ability of 
exploiting and understanding technical opportunities 
[1]. China, the world’s largest agricultural economy, 
still has the substantial technical inefficiency in 
production [2]. The educational externality could 
serve as an essential nonmarket determinant of farm-
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level productivity and efficiency, nevertheless, the 
rural Bangladesh is constrained by the extreme low 
level of literacy [3]. Indonesia agriculture is facing 
challenges that is increasing production at a level 
above the domestic consumption rate. Thus, it needs 
to improve productivity and save natural resources 
[4]. Thai agriculture is facing several serious 
challenges such as the shortage of water resource and 
labor force, aging of farmers, low productivity, high 
production costs and price instability [5]. Water is 
one of the well-endowed resources in Asia but it 
distributes unevenly, so several countries are in 
water-scarce condition such as Thailand, India, and 
Pakistan. What’s more, many countries are 
experiencing labor scarcity. Consequently, more 
knowledge and capital-intensive techniques will be 
necessary to increase production (FAOSTAT, 2014). 
Therefore, it is urgent to improve productivity and 
efficiency in agricultural sector by eliminating 
technical inefficiency. Meanwhile, we know that 
efficient production can obtain a fixed level of output 
with a minimum quantity of inputs or gain a larger 
quantity of output from the constant inputs [6]. The 
concept is conducted to obtain higher agricultural 
production with the same quantity of inputs. In other 
word, improving productivity or technical efficiency 
can reap huge potential benefits in terms of 
generating higher output [7]. Therefore, an increase 
in production efficiency can lead to an increase in 
agricultural output given the certain level of inputs. 
All in all, it is essential to analyze how efficient the 
existing inputs are and how to improve the efficiency 
of production. This study will analyze the 
performance of agriculture in the top 12 agricultural 
producing countries mentioned above and then 
measure their productivity and efficiency levels. It 
will also draw some instructive implications for 
policy-making and farm management. This study has 
applied the Zero inefficiency stochastic frontier 
model (ZISFM). This model successfully adapts the 
existing of both efficient and inefficient farmers and 
uncovers the anomaly that all observations are 
inefficient in traditional stochastic frontier approach 
(SFM). The rest of this paper proceeds as follows. 
Section 2 gives a review of technical efficiency in 
agricultural production. Section 3 introduces ZISFM 
and the data and variables used in this study. Section 
4 presents empirical results and offers an in-depth 
explanation of each coefficient according to the 
model constructed in this research. Finally, section 5 
draws policy-making implications and the main 
conclusion of this study. 
 
II. LITERATURE REVIEW 
 
The measurement of agricultural efficiency has long 
been an interest to agricultural economists. Aigner et 
al. (1977), Meeusen and Broeck (1977), Battess and 
Corra(1977) originally proposed stochastic frontier 
model to estimate the productivity and efficiency[8]. 

There has been considerable researches that extend 
and apply this model after SFM was proposed. Pitt 
and Lee (1981), Kalirajan (1981), Huang and Liu 
(1994), Battese and Coelli (1995) proposed models to 
explain inefficiency effects involved in stochastic 
frontier functions. Sickles and Qian (2009) modified 
the stochastic frontier model by right truncating the 
underlying distribution of inefficiency [9]. Tran and 
Tsionas (2016) proposed a semiparametric version of 
the ZISF to discuss the full efficient firms’ parametric 
specification and presence based on the sieve-
likelihood ratio statistic [10]. 
The SFM has significantly contributed to econometric 
modeling of production and the estimation of 
technical efficiency in many research fields, 
especially in agricultural economics. Battege and 
Coelli (1995) used SFM to analyze inefficiency 
effects on Indian agriculture and found that age, 
education of farmers and observation year are the 
significant factors of efficiency performance [11]. 
Kumbhakar and Tsionas (2006) estimated stochastic 
frontier production by using input-oriented technical 
efficiency approach and found that different level of 
productive efficiency of enterprises making it 
possible to reap different yields with utilization of 
completely equal amount of inputs[12]. Kolawole et 
al. (2006) used SFM to study the determinants of 
profit efficiency among small-scale rice farms 
conducting 50 rice farms in Nigeria [13]. Asadullah, 
M.N and Rahman (2009) measured the farm 
productivity and explored the role of education in 
efficiency in Bangladesh [14]. Nevertheless, the 
latent class SF methodology assumes that every firm 
is confronted with the existence of technical 
inefficiency. This in essence assumes all firms are 
fully inefficient. However, the reality is that neither 
all firms nor none is efficient. Thus, we apply ZISFM 
in this study since it allows the existence of both full 
efficient and inefficient firms [15]. 
 
III. METHODOLOGY 
 
3.1. Zero Inefficiency Stochastic Frontier Model 
According to Kumbhakar et al. (2013), Tran and 
Tsionas (2016), and Liu et al. (2017), the ZISF 
production model is specified as: 

 
 
where the composed error is specified as 휀푖=푣푖−푢푖 , 
푦푖 is the scalar output of i-th firm, 푥푖 is the K×1 
vector of covariates, β is K×1 vector of unknown 
parameters corresponding to explanatory variables, 휈푖 
is noise and is assumed to be i.i.d. N(0,휎휈2); 푢푖is 
non-negative random variables which represents 
technical inefficiency and is assumed to be i.i.d. 
N(0,휎푢2). 
Moreover, p, as the only additional parameter in this 
ZISF compared with the traditional SF, represents the 
probability of fully efficient of a firm. Accordingly, 
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1-p represents the proportion of a firm being technical 
inefficient, p is defined as 

 
The density function of the composed error term is a 
mixture between a normally distributed random 
variable and convoluted density from a normal/half-
normal SFM. The conditional probability density 
function of 휀푖can be expressed as: 

 
where휎2=휎푢2+휎푣2, 휆=휎푢/휎푣, φ and Ф are 
probability density function and cumulative 
distribution function of standard normal random 
variate, respectively. Then, the conditional log-
likelihood is given by 

 
 
3.2. Estimation of farm-specific inefficiency 
There are several approaches to estimate the farm-
specific inefficiency in this ZISF model. Following 
Jondrow et al. (1982) [16], the conditional density 
function of u given ε is 
푓(푢|휀)=0 with probability휋(푧푖), (5) 
푓(푢|휀)=푁+(휇∗,휎∗2)with probability1−휋(푧푖), 
and 푁+(휇∗,휎∗2) is expanded as follow: 

 

 
 
The technical inefficiency can be implemented by 
replacing all the unknown parameters andε , 
specifically, replacing parameters by ML estimators 
and replacing ε by the residuals based on the ML 
estimates. In addition, a flexible approach to measure 
inefficiency is constructed by using posterior estimate 
of probability of being fully efficient that takes the 
form: 

 
3.3. Estimation of Technical Efficiency 
Following Battese and Coelli (1995), the technical 
efficiency is expressed as follows: 

 

Since firm specific, then both posterior 
estimates of inefficiency and posterior odds ratio can 
be used to define fully efficient firms given a pre-
specified cut-off. The posterior odd ratio can be 
defined as Ri=pi∗/(1−pi∗). 
3.4. Empirical Model 
Firstly, Cobb-Douglas production function specified 
with a restricted Translog SFM function is 
constructed to estimate the elasticity of inputs as 
follows: 

 
 
where 푌푡 is the (the logarithm of) aggregate 
agricultural production; 푋푗푡 is the j-th input in the t-th 
period, the production input variables in this study 
are: agricultural labor and land, farm machinery, 
livestock capital, fertilizer consumption and animal 
feed. All the input variables were mean corrected 
(Xik−X̅k) ; 휈푡 is the random error which is assumed 
to be i.i.d. N(0,휎휈2); 푢푡 is the half-normal error 
which is a symbol of technical inefficiency and 
assumed to be i.i.d. N(0,휎푢2) . 훼0 ,훼푗,훽푗푘 are the 
parameters to be estimated. 
In addition, the technical efficiency for a certain year 
can be calculated by the equation as follows: 

 
 
where 푇퐸푡 is between 0 and 1. When푢푡=0,푇퐸푡=1, it 
indicates that the country is above frontier, namely, 
full efficient, while푢푡>0, 푇퐸푡<1, it shows the country 
is below frontier. 
3.5. The Data 
For the sample of this study, we use a time series data 
of top agricultural producing Countries covering 
China, India, Indonesia, Pakistan, Thailand, Viet 
Nam, Bangladesh, Philippines, Myanmar, Japan, 
Malaysia, and Korea Republic. All of the variables 
are annual data during the period from 1961 to 2013 
obtained from USDA. That provides us with a sample 
of 636 observations. Table 1 displayed the sample 
statistics of output and input variables. 
 

 
Table 1: Summary statistics of the variables 

 
IV. EMPIRICAL RESULTS 
 
Based on the model constructed above, all of the 
parameters are computed by using NM algorithm in 
the maxLik of R software. In this section, we will 
report and explain the estimated parameters, technical 
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efficiency and inefficiency. Firstly, the parameters 
estimated from traditional SFM and ZISFM are 
shown in Table 2. 
 

 

 

 
Table 2: Parameters estimated of SFM and ZISFM 

 
As shown in Table 2, the proportion of being fully 
efficient in Japan is p=0.9962, which is the highest 
proportion among these countries followed by 
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China’s. As for the coefficients, we can take it as the 
elasticities of output since all of the inputs in this 
dataset were mean corrected(푋푖푘−푋̅푘). The results 
are strikingly similar to those in the exiting literature. 
Specifically, the elasticities of land in China is 
0.2233, and that of labor is 0.3710, which indicates 
that land and labor have positive effect on agricultural 
production, 1% increase in land will bring 22.33% 
increase in agricultural production, similarly, 1% 
more labor input would make 37.1% increase in 
production. The results are similar to Lin, J. Y. 
(1987). The land plays an important and positive 
effect on agriculture output in most of countries in 
this dataset except for India, Korea, REP and 
Pakistan. The reason why land elasticity in India 
somewhat differs from some existing literatures is 
that India is facing small and fragmented land-
holding problems [17]. Simultaneously, the 
coefficient of feed in India also has negative but 
insignificant impact on agriculture. A plausible 
explanation of this result is that the farmers used 
more feed such as bullocks and horses in the year of 
low output. This result also observed by Battese and 
Coelli (1992) [18]. Moreover, the parameters of 
fertilizer with negative sign in several countries have 
no significant effect on production. This is not 
surprising because of the launch of so-called “Asia’s 
Green Revolution” program. Labor is the main 
contributor in the process of production in China, 
India, Indonesia, Vietnam, Bangladesh, Myanmar and 
Korea, REP. Conversely, the coefficients of labor 
with negative sign in Thailand, Philippines, Japan and 
Malaysia are mainly due to the labor shortage, since 
more and more farmers prefer to work in better-paid 
occupation like manufacture and service sector. In a 
word, we can know how these inputs affect 
production through the output elasticities listed in 
Table 2 and all of these effects are reasonable. 
 
On the other hand, we also found that some inputs 
have more significant impact on production in 
ZISFM than those in SFM, which is due to the strong 
assumption in SFM. SFM overestimates technical 
inefficiency compared to ZISFM. In addition, 휎푣in 
ZISF is lower than that in SFM, which indicates that 
the ZISFM can better fit to agricultural efficiency 
analysis instead of SFM. This result is consistent with 
Kumbhakar et al. (2013) and Liu et al. (2017). 
Figure 1 and Figure 2 present the mean technical 
efficiency and inefficiency of the investigated 
Countries. As the two figures shown, the efficiencies 
of ZISFM are higher than that of SFM. Accordingly, 
the inefficiencies are much lower than SFM’s. It 
indicates that SFM underestimated the technical 
efficiency while overestimated the technical 
inefficiency. Those sampled countries actually 
possess almost full technicalefficiency, in other 
words, they are close enough to the production 
frontier in ZISFM. 
 

 
Figure 1: Mean technical Efficiency based on SFM and 

ZISFM. 
 

 
Figure 2: Mean Technical Inefficiency based on SFM and 

ZISFM. 
Figure 3 and Figure 4 display the differences of mean 
technical efficiency and inefficiency between SFM 
and ZISFM. The results in Figure 3 and Figure 4 are 
same as Figure 1 and Figure 2. Thus, ZISFM avoids 
the unpractical assumption in SFM that all farmers 
are inefficient. 
 

 
Figure 3: Differences of Efficiency (ZISFM-SFM) 

 

 
Figure 4: Differences of Inefficiency (ZISFM-SFM) 
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Table 3 represents a summary of efficiencies in SFM 
and ZISFM. Each of the value in SFM is smaller than 
that in ZISFM, especially in Japan, which once again 
indicates that ZISFM is more suitable when 
estimating technical efficiency of agriculture than 
SFM. 

 
Table 3: Summary of Efficiencies by Country 

 
CONCLUSIONS 
 
This study has applied the recently proposed ZISFM 
to analyze the technical efficiency of top 12 
agricultural producing countries in Asia and made a 
comparison with the traditional SFM. As expected, 
this study found that ZISFM is successfully better fit 
to analyze agricultural technical efficiency and 
inefficiency. Compared with traditional SFM, ZISFM 
relaxes the anomaly in SFM that all of the individuals 
are inefficient and allows the existence of both 
efficient and inefficient firms in the investigated data. 
Thus, ZISF, rather than SFM, should be 
recommended to future agricultural technical 
efficiency analysis. Moreover, there are some policy 
implications drawn from the empirical results. Firstly, 
although the mean value of technical efficiency in all 
samples are over 0.9 in ZISF, they still have room to 
improve technical efficiency. Governments should 
adopt specific structures according to their own 
country’s condition by increasing the significant and 
positive efficiency factors and introducing advanced 
technology Secondly, providing better education for 
farmers could be an appropriate policy since better-
educated people are more likely to utilize modern 
equipment efficiently (Liu et al., 2017). Lastly, some 
countries are relatively more efficient compared with 
others. Thus, other countries should learn from the 

efficient countries to improve their technical 
efficiency in agriculture. 
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