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1. Introduction 

Agriculture is an important source of both 
aggregate and household income in developing 

countries and every single boost in agricultural 
productivity eventually reduces poverty among 
farmers and households. In developing countries 
farmers are heterogeneous, some farmers produce 
commercially while others just do substance farming. 
However, in Pakistan almost fifty years after the 
Green Revolution, farmers are still struggling hard to 
produce enough food to feed their family and to earn 
suitable income for the family.

In Pakistan rice is both cash and food crops. It 
contributes 0.6 percent to the national GDP while 3.0 

percent to the GDP agricultural sector. Afterward, it 
is the one most valuable staple food crop of Pakistan. 
During the period of 2018-19, the area cultivated 
under the rice crop is declined by 3.1 percent 
(from 2,901 thousand hectares in 2017-18 to 2,810 
thousand hectares in 2018-19) Wing and Finance 
(2018). Likewise, the production of rice remained 
short of 3.3 percent against the target of 7.0 million 
tones Wing and Finance (2018). Nevertheless, the 
decline in the production as a result of shrinkage in 
the cultivated area, scarcity of water, dry weather and 
climate change. Nonetheless, the per acre productivity 
of Pakistan is also not overwhelming and quite short 
from the world average productivity of rice per 
acre Wing and Finance (2018). There are several 
plausible explanations for the country’s low per acre 
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productivity, nonetheless among others, one of the 
most acceptable rationales is, low technical efficacy. 

Moreover, as a result of the growing population, the 
contemporary economic growth of the country is 
import oriented which constantly keeps the country 
foreign exchange reserve limited and under pressure. 
Furthermore, this situation also puts the self-sufficiency 
of the country at high risk. Therefore, to attain the 
objective of self-sufficiency, the country needs, a high 
production of food grains. As rice is one of the chief 
food crops of Pakistan. Henceforth, rice production 
can play a curial role to achieve self-sufficiency in 
food security. Furthermore, rice production in sturdily 
connotated with food security in Pakistan. 

Moreover, variations in rice productivity has a direct 
impact on food security, particularly among the 
households living in rural areas and belong to the lower 
strata of income. Moreover, this strong association of 
rice production and food security will have a strong 
effect on the country’s struggle to eliminate extreme 
hunger and poverty. Likewise, the current escalation 
in rice prices leads to a food crisis in the country. 
Moreover, the factors which are responsible for this 
hike in the rice prices are high population growth, 
natural disasters, high prices of agricultural inputs, 
urbanization, land use and the deterioration in the 
area under agricultural production.

At present, Pakistan is struggling hard to meet the 
growing demand for staple food. Moreover, the 
government is taking various initiatives to meet this 
growing demand for staple food. In this scenario, 
the production of rice can play a vital role if its 
production can put on innovative and state of the art 
lines. Nevertheless, the production of rice is entirely 
depending on the availability of quality inputs, high 
yield verities and proper allocation of resources. On 
the other hand, rice production can be increased by 
increasing the area under cultivation. Moreover, it 
will be much better to increase the production of rice 
vertically rather than horizontally. 

The technical efficiency of rice productivity can 
play an important role to improve the total yield 
of farmers and reduce poverty, particularly in rural 
areas. Furthermore, elevated productivity can help 
to upsurge income and safeguard food security, 
particularly in the case of small farmers who fully 
relying on rice production. 

The adoption of modern technologies and third-
generation hybrid rice, farmer training, the use of 
high-quality seeds and modern agricultural tools can 
support rice production in Pakistan. This argument 
raises the question that how Pakistan will be 
achieved the optimum level of rice production with 
elevated technical efficiency. Hereafter to answer this 
question, the study analyzes the key factors behind 
rice productivity and technical efficiency in district 
Nasirabad, Balochistan. Nasirabad is considered the 
green belt and lifeline of Balochistan agriculture 
production.

Rice is grown in those area where availability of 
water in high. Generally, rice is grown in rural areas 
of the Nasirabad region of Balochistan which play 
an important role for agricultural communities. So 
far, no research has been conducted to analyze the 
determinants of the rice technical efficiency in the 
district. The main objective of this study is to find out 
the factors which plays important role in the technical 
efficiency of rice. Moreover, improving rice technical 
efficiency can help to intensify aggregate production 
activities, surge farmers’ incomes and reduce poverty, 
particularly in the district.

2. Materials and Methods 

In general, the change in production due to technical 
inefficiencies and random shocks, which can be 
apprehended by a stochastic production frontier 
approach (SPFA). Moreover, inefficient production 
leads to inefficient use of scarce resources. The 
present study addresses technical inefficiencies in rice 
production. Further, technical efficiency (IT) can be 
projected via different approaches, the most notable 
among them are Data Envelopment Analysis (DEA) 
and SPFA. Nonetheless, it is well documented, that 
the DEA assumes that there are no random blocks 
in the data set. As farmers continue to operate under 
uncertain conditions. However, the current study uses 
SPFA led by Aigner et al. (1977); and Meeusen and 
van den Broeck (1977). The specification, of SPFA 
can be penned as: 

Where; Yi is the rice output, X is a vector of the 
determinants s of technical efficiency and β is a vector 
of k unknown parameters, while ɛi shows a stochastic 
error. Moreover, normally the stochastic production 
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frontier is an also known as a “composed error” model, 
since it proposes that the error term of the model is 
disintegrated into two elements: a stochastic random 
shocks and a technical inefficiency element which can 
be specified as follows: 

where vi is a normally distributed error term that 
encapsulates both the shock of factors that are in 
control of the farmers such the weather, natural 
disaster, and luck measurement errors, and other 
random error. It is presumed that vi is normally 
distributed, therefore the production frontier is 
stochastic. The two error components (vi, ui) are 
also presumed to be independent of each other and 
hence the variance parameters of the model can be 
parameterized as:

Where; it explains that the total variation in the 
dependent variable caused by technical inefficiency 
and random shocks at the same time. Hence forward: 

Finally, following Hussain et al. (2011); Khan and
Ghafar (2013); Wahid et al. (2017); Mamary et al.
(2018); Memon et al. (2015) and Khan et al (2019)
the specification of the Cobb-Douglas function is
quantified in Equation 7.

Where; Yt = rice output, X1= Cultivated Area of Rice,
X2= Fertilizer, X3= Quality Seed, X4= Hired Labor,
X5= Irrigation X6= Cost of Machinery εt= Residual
term. However, for technical inefficiency model the 
study consider Khan and Ghafar (2013), Wahid et al. 
(2017).

All of the variables of Equation 8 are self-explanatory.
Moreover, the Equation 8 defining the impact of 
technical inefficiency in its typical form as a linear

function of socioeconomic and management factors.
However, the complete aspect of the dependent and
independent variables is highlighted. The data was
collected from the district by the following process
through random sampling (Khan et al., 2018b).

Where; N=Total number of the farmer in the targeted 
(population), NI= Number of the respondents in 
each village, n = Total sample size i.e. 200, Ni= Total 
number of the farmer in each village.

3. Results and Discussion

The results of the maximum likelihood techniques
(MLE) are shown in Table 1. In the stochastic
frontier model, majority of the variables are
statistically significant and have an appropriate
impact on output as stipulated by the literature. It
implies that inputs are playing an important role in
the output determination. Moreover, the parameters
of the stochastic frontier Cobb-Douglas production
function can be directly represented as output elasticity.

The results show that the maximum elasticity of the
labor costs and irrigation are (0.18) and, (0.13). Both
variables are carrying significant coefficients and
have a clear positive impact on rice productivity. The
elevated elasticity of labor and irrigation implies that
the impact of total factor productivity is dominant.
Hence, a one percent increase in the use of labor and
irrigation implies the production of rice will spur by
0.18 and 0.13 percent respectively. The consequent
increase in productivity is subject to the timely
availability of water for irrigation, good seeds and the
cost of machinery. Another important contribution to
rice production is the use and acquisition of cultivated
area under rice, quality seeds, and fertilizers, where a
1% surge in the surface area of the rice and quality
seeds increase rice production by 0.11% and 0.12 %
respectively. Moreover, a one percent increase in the
fertilizers can strengthen rice productivity by 0.06 %.
Similarly, in the technical inefficiency model, the
distance from farm to market is carrying a negative
sign but statistically insignificant while the coefficient
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of distance from farm to the main channel shows
that when the distance is increasing, it boosts the
technical inefficiency of rice by 09%. Similarly, age
and education have a positive and negative impact on
rice technical inefficiency respectively. Likewise, the
quality of soil also discourages technical inefficiency.
Table 2 officers the values of average, maximum, mini-
mum and frequency distribution of technical efficien-
cy of the rice producers. The mean, maximum, and 
minimum values of the technical efficiency are 75%, 
95%, and 73% respectively. Moreover, a vital majority 
of individual technical capability is between 86-90% 
while just 7% of the farmers have 95% of technical 
efficiency.

Table 1: Estimates of OLS.
Stochastic frontier model
Intercept 1.201 5.015*
cultivated area of rice 0.214 3.11**
Fertilizer etc -0.002 -1.345
Seed price 0.120 2.981
Hired labor 0.187 1.020
Cost of Machinery 0.002 1.670
Irrigation 0.102 4.231
Stochastic frontier model
Intercept -0.106 0.921
Aggregate farmed area -0.84 0.309
Age 0.010 0.99
Education 0.010 0.89
Quality of soil -0.045 -4.07*
Family labour -0.201 -3.90**
Distance from main channel -0.098 -5.90***
Irrigation type 0.001 0.13
Distance from village to city 0.012 1.23
Variance parameters
Sigma-square (σ2) 0.130
Ln Likelihood 55.569

Table 2: Likelihood-ratio tests.
Null Hypoth-
esis

H0: γ = 0 H0: γ = δ0 
= δ1 = 00

H0: γ = δ0 
= δ1 = 00

H0: γ = δ0 
= δ0 = 00

Log likelihood 98.00 45.01 45.12 33.52 
LR Statistics 23.01 32.00 37.09 28.09
Critical Value 14.07 25.00 25.00 25.00
Decision All the null hypotheses rejected simultane-

ously

Conclusions and Recommendations

The purpose of this study is to assess the factors 

affecting rice productivity at the farm level and 
the technical performance of rice production in 
Nasirabad. To perform the technical efficiency 
analysis, a stochastic frontier production function was 
used. The estimated production efficiency measured 
by the overall efficiency index ranges from 56.3 
percent to 98.9 percent, with an average technical 
efficiency of 81.2%. The results show that the average 
technical performance in TIS is much lower than in 
IIS. IIS technical performance is more efficient than 
TIS because IIS technical performance is 76.7 to 98.9 
percent, on average 87.0 percent, while TIS technical 
performance is 75.4 percent, from 56.3 percent on 
average to 90, 3 percent.
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