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ABSTRACT 
 
The aim of this paper is to estimate of efficiency with Cobb-Douglas Stochastic Production Model (SFA) having time varying 
inefficiency effects model. The agricultural panel data were consider for this analysis during 1989-2008. The data were considered of 
Aus, Aman and Bororicefarm of Bangladesh with the combination of unpredictable environmental variable as rainfall, temperature and 
humidity. The model was categorized into two different types according to having ecological case or not. Categorization has been done to 
uncover a significance impact of environmental variable on rice. Second, to identify the source of efficiency by tobit analysis which are 
working behind the rice farm of Bangladesh. At last environmental effects has been identified to see the impact of environmental variable 
on rice production for Aus, Aman and Boro. Mean efficiency of rice farm in Bangladesh is .6497 and .6582 which have got through two 
different cases i.e. with and without environmental variable cases respectively .In case of without environmental variable the mean 
efficiency of Aus , Aman and Boro rice is .4543, .5336 and .9609 respectively. But efficiency of rice farm with environmental variable is 
bit less than efficiency without environmental variable. Most of the time environmental variable is a blessing for rice farm but sometimes 
it causes a great hamper which has been distinguished from these results. Tobit analysis also were carried for this paper to identify the 
significance of input variable and it has been shown that area, seed, fertilizer, rainfall, temperature and humidity is statistically significant 
variable on Aus, Aman and Boro rice. 
 
Keywords: Efficiency, Cobb -douglas, Stochastic frontier production model, Time-varying inefficiency model, Tobit model, Agricultural 

data, Rice farm, Environmental variable, Environmental Effects. 
 

 
INTRODUCTION 

 
Stochastic frontier production model is one of 

the most important approach to measure efficiency. 
Technical efficiency (TE) can be defined as the 
farm’s capability of producing maximum output 
given a set of inputs and technology and technical 
inefficiency exposes the failure of gaining the 
maximum possible level of output given inputs and 
technology. A large number of approaches of 
efficiency measurement and productivity analysis 
have been developed from [11] seminal paper.The 
stochastic frontier production model incorporates 
with  composed error structure with a twosided 
symmetric and a one-sided component [1,16]. The 
two-sided error captures the random effects outside 

the control of the production unit including 
measurement errors and other statistical noise typical 
of empirical relationships, while the one sided 
component reflects inefficiency. Stochastic frontier 
approach has found wide acceptance within the 
agricultural economics literature because of the 
consistency theory of [4,7]. 

Bangladesh is 24° North and 90° 
East.Agriculture is the backbone of the counrty and 
contributes about 12% of the total GDP. Rice is the 
most important agricultural product.There are 3 main 
varieties of rice in Bangladesh- Aus, Aman and 
Boro. ‘Aus’ is strictly a pre-monsoon, ‘Aman’ is 
monsoon and ‘Boro’ is a dry-winter crop.Aus harvest 
is sown on March or April, benefits from April and 
May rains, matures during in the summer rain, and is 
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harvested during the summeron July to August.The 
largest harvest is aman, planted on May to August, 
and harvested on November to December.The Boro 
rice crop is usually planted in November to January, 
and harvested in April to May.  

Bangladesh is one of the most climate 
vulnerable countries in the world and is very prone to 
natural disasters.Throughout the year, Bangladesh 
experiences different types of climate. From October 
to March the weather is tropical and mild winter; 
from March to June it is summer season where the 
climate is hot and humid.Bangladesh experiences 
warm rainy monsoon from June to 
October.Agricultural productivity totally depends on 
climatic factors liketemperature, rainfall, light 
intensity, radiation and sunshine duration, which are 
predicted to be erratic. Incidences of floods, 
droughts, high temperature, flashfloods and floods, 
etc., are predicted to be morefrequent and intense. 

There is some evidence that measured the 
determinants of technical efficiency on rice crop of 
Bangladesh. Technical efficiency has been identified 
using stochastic frontier production model with 
distributional assumptions [12].Their results indicate 
that with environmental variable efficiency is lower 
than without environmental variable. According to 
[17] reported that rice yield gap for three different 
ecosystem is only 6.5 t/ha in the Boro , 6.0 t/ha in the 
Aman and 4.0 t/ha in the Ausattribute due to mostly 
to the annual variation in weather conditionand for 
pest and disease.In this paper technical efficiency of 
rice crops of Aus, Aman And Boro has been 
estimated having environmental variable and without 
environmental variable.The model proposed by 
Battese and Coelli 1992 are used to examine the 
efficiency level of rice farm.Tobit analysis also 
applied in this paper to find out the source of 
efficiency. 

Technical efficiency of rice cultivation in 
Bangladesh is ranging from 0.16 to 0.94. The 
variation has occurred due to age and education of 
the household heads, availability of off-farm 
incomes, land fragmentation, access to microfinance, 
extension visits, and regional variation were the 
major factors among the farm households. 
 
Materials: 

 
Panel data has been taken for this analysis 

during 1989-2008.The annual data were collected for 
rice production and the environmental factors: 
rainfall intensity, temperature and relative humidity 
for Aus, Aman and Boro season for the period 1989-
2008. Production is dependent variable represented 
as per metric ton. Mean production of Boro is highest 
among three types of rice.Area is measured by 
hectare. Highest part of area is covered by Amanrice 
.Seed is most vital ingredients for rice production. 
The amount of seed is measured in thousand metric 
tons. Different types of seed are available for 

production. In fact, only about 18% 
seedrequirements of the country can be met from 
certified and truthfully labeled seeds (TLS) of 
Government and private sources, the remaining 82% 
seed comes from the farmers own seed. There are 
serious problems of seed quality supplied by public, 
private and farmer’s saved seed.Urea (nitrogen), 
Muriate of Potash (MOP), and Triple Supper 
Phosphate (TSP) are the majorfertilizers, which were 
applied in various proportions for rice production in 
Bangladesh.Heavy rainfall is characteristic of 
Bangladesh causing it to flood every year. The 
annual rainfall is about 1600 mm, Most parts of the 
country receive at least 2300 mm per year. Most of 
the rainfalls (often over 60 inches per year) occurs 
during the rainy monsoon season (June to Sep.). 
January is the coldest month, when the average 
temperature for most of the country is about 100C.A 
hot humid summer from March to June and vary 
from 78%-84%. 

 
Methodology: 

 
The functional form of the stochastic frontier 

production model are defined as  
 
Model 1: 
 

Cobb-Douglas Stochastic Production Function 
with Environmental Variable 

The form of Cobb-Douglas stochastic 
production function with environmental variable can 
be expressed as follows:   

∑ ∑
= =

−+++=
4

1
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Model 2: 
 

Cobb-Douglas Stochastic Production Function 
without Environmental Variable 

The form of Cobb-Douglas stochastic 
production function without environmental variable 
can be expressed as follows:   

∑
=

−++=
4

1
0 ln)ln(

i
itititiit uvxy δδ               (2) 

Where ity represents output for  the i-th farm 

and  the t-th time period; itx  represents of input 
variables (area,seed, fertilizer, time) for i-th farm and 
the t-th time period; itz represents environmental 
input variables (rainfall, temperature and humidity) 
for i-th farm and t-th time period ; 0δ , iδ , jδ are 

unknown parameter to be estimated;The noise itv  
are assumed to be independent and  identically 
distributed  random errors which have  normal 
distribution with mean zero and variance 2σ  and 
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independent from itU ; itU s are non-
negativerandom variables associated with the 
technical inefficiency of production. This 
inefficiency may follow a half-normal, exponential, 
truncated-normal or gamma distribution [18,1,16]. 

Technical inefficiency means farmers are failed 
to make maximum amount of production using same 
amount of input and technology. The non-negative 
technical inefficiency effects were assumed to 
follows the following time varying inefficiency 
model introduced by [4] 
 

( )[ ]{ } iit uTtu −= ηexp                                   (3) 
 
Where η is an unknown scalar parameter to be 

estimated, which determines whether 
inefficienciesfollow the model of timevaryingor time 
invariant. 

Technical efficiency of the i -th farm and t-th 
time period can be defined by [3].

 

 
( )itit uTE −== exp  

 
The technical efficiency can be forecasted using 

the Computer program FRONTIER Version 4.1 [7]. 
 
Tobit Regression: 

 
Stochastic frontier approaches with the 

assumption of two distributions namely half normal 
and truncated normal distribution have been applied 
for this study. Tobit regression is used to identify the 
contribution of input on to production model. The 
individual SFA efficiency scores are used in a 
follow-up regression analysis to examine the 
relationship between efficiency and other variables. 
Since dependent variable, technical efficiency of 
SFA are left censored and right censored that’s why 
tobit model is usedin this analysis.left censored from 
below is 0 and right censored from top-coded that is 
1. 
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Where iu  are ),0( 2σN , *
iy is a latent variable 

representing the technical efficiency scores of 
specific year’s; imx are explanatory variables (Area, 

Seed, Fertilizer )(m=1,2,..,K); inz  are environmental 
variables (Rainfall, Temperature and Humidity)and

iu is a disturbance term. 
 
Environmental Effects index for Production Function 
with Environmental Variable: 

 
Following [13], the environmental effects index 

for rice farm of Bangladesh has been established by  

∑
=

=
3

1

ˆˆ
j

jtjit zE θ ( )itit EEE ˆexp=
 

Where itz represents environmental variable 

for i-th farm in t-th time period. jθ̂ Environmental 

variable estimated parameters; itÊ Environmental 

variable contribution to predicted value ( )[ ]itŷln ,

itEE Environmental effects index for i-th farm in t-
th time period. 
 
Hypotheses: 

 
The generalized likelihood-ratio statistic (λ ) is 

defined with the following equation
( ) ( )[ ]1lnln2 HLHL o −−=λ Where 0( )L H is 

the log-likelihood value under the null hypothesis 
(i.e. OLS) and ( )1L H  is the log likelihood value 

assuming the null is false (i.e. 0γ =  ). 
 

Results and Discussion 
 

Maximum Likelihood Estimation for Cobb-Douglas 
Production Model: 

 
Maximum likelihood estimation for model (1) 

and (2) has been anticipated at table 3.Area is a 
significant variable for both model (1) and (2).Seed 
is highly significant for model (1) but for model (2) 
it’s insignificant variable. Time variable is significant 
for model (1) and (2). Actually time by time 
production changes due to different input variable. 
None of the environmental variable is significant for 
model (1). Heavy rainfall always causes flood at 
Bangladesh. Rainfall, temperature and humidity 
sometimes make ineffectual environment.Forboth 
modelintercept is showing positive but insignificant 
.That means, technical progress is increasing. 
Gamma is highly significant variable at 1% level of 
significance.
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Table 1: Maximum Likelihood Estimation for Cobb-Douglas Production Function. 
Parameter Truncated model   With Environmental variable  Truncated model     Without Environmental 

variable 
 coefficient S.E T-ratio coefficient S.E T-ratio 

Constant ( )0δ  
1.954 5.485 0.356 2.393 1.554 1.540 

Area ( )1δ  
1.023* 0.301 9.046 1.0267* 0.112 9.139 

Seed ( )2δ  
0.005 0.034 0.146 0.009* .032 2.381 

Fertilizer ( )3δ  
-0.261 0.176 -1.475 -0.266 0.184 -1.447 

Time ( )4δ  
0.040* 0.008 4.511 0.042* .009 4.349 

Rainfall ( )5δ  
0.032 0.060 0.532 - - - 

Temperature ( )6δ  
-0.996 1.110 -0.897 - - - 

Humidity ( )7δ  
0.799 0.746 1.071 - - - 

Sigma-squared ( )2σ  
0.232 0.374 0.621 0.210 .341 .615 

gamma ( )γ  
0.967* 0.052 18.454 0.962* 0.061 15.608 

mu ( )µ  
0.324 0.658 0.492 0.319 0.625 0.510 

Eta ( )η  
-0.007 0.007 -1.005 -0.007 0.008 -0.862 

Log-likelihood Function 53.565 52.132 
* means significant at 1% level of significance,** means significant at 5% level of significance,***means significant at 10% level of 
significance 

 
Significance of Hypothesis: 

 
Recognized tests of various hypotheses were 

carried out using the Likelihood Ratio (L-R) statistics 
(5) presented in Table 4. The first null hypothesis,

0 : 0H γ = specifies that there are no 
technicalinefficiency effects in the model. Then, 
rejection of thehypothesismight be concluded that 
there are technical inefficiency effects in themodel. 
This implies that the technical inefficiency 

effectsassociated with the rice farm of Bangladesh 
aresignificant. The technical inefficiency effects, 
having half-normaldistribution and not time varying, 
were tested by the null hypothesis 0 : 0H µ η= = . 
In thisstudy, this hypothesis, which indicates that the 
truncated (at zero)normal distribution is preferable to 
half normal distribution fortechnical inefficiency 
effect, was rejected and the technical inefficiency 
effect varied significantly over time, was also 
rejected.

 
 
Table 2: Generalized Likelihood-Ratio Test of Hypothesis of the Stochastic Frontier Production Functionwith Environmental Variable. 

 
Null Hypothesis 

 
Log-

likelihood 

 
Test Statistics 

 
Critical Value 

 
Decision 

7,6,5;0:0 == iH iδ
 

52.132 2.866 3.84 Reject 0H  

0 : 0H µ η= =  38.469 27.326 7.82 Reject 0H  

0 : 0H γ =  25.556 56.018 12.59 Reject 0H  

Notes: All critical value are at 5% level of Significance.*The critical value are obtained from the table of Kodde and Palm1986. 
 

Efficiency Explaining Factors: 
 
Efficiency scores are  vary  considerably  across 

farms .To  explain  a few  of   these  variations,  the  
technical efficiency  scores  were  regressed  on  the  
input and environmental variable  using  a  Tobit  
model. The technical efficiency scores vary   from 
zero to one.  The tobit results for different farms 

(Aus, Aman and Boro) are scheduled in table 3,4 and 
5 respectively. 

Seed, fertilizer and humidity is significant at 5% 
level of significance but has negatively associated 
with Aus rice production.The main cause for 
declining crop yield and environmental 
degradationhas been considered to be   use of the 
continuous and unbalanced use of the chemical 
fertilizers under intensive cropping systems has [5]. 
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Area has positive effect and also statistically 
significant at 5%level of significance. Rainfall has 

positive and significance relation in Aus, Aman and 
Boro efficiency. 

 
 
Table 3: EfficiencyExplaining Factors for Aus Rice. 

Variable  Parameter Coefficient Std Error P-value 
Constant 

0β  1.0922 .0806 .223 

Area 
1β  .0042** .0009 .000 

Seed 
2β  -.0003** .0023 .0119 

Fertilizer 
3β  -.0030** .0012 .0027 

Rainfall 
1γ  .0000* .0000 .0608 

Temperature  
2γ  -.0008* .0138 .0950 

Humidity 
3γ  -.0151** .0145 .0308 

Log-Likelihood 86.7964 
***= significant at 1 per cent level (p<0.01);** = significant at 5 per cent level (p<0.05);* = significant at 10 per cent level (p<0.10). 
 
Table 4: Efficiency Explaining Factors for Aman Rice. 

Variable  Parameter Coefficient Std Error P-value 
Constant 

0β  1.2098 .0502 .0021 

Area 
1β  .0021** .0029 .0465 

Seed 
2β  -.0013*** .0003 .0018 

Fertilizer 
3β  -.0045*** .0008 .0000 

Rainfall 
1γ  .0000** .0000 .0230 

Temperature  
2γ  -.0058* .0090 .0519 

Humidity 
3γ  -.0065** .0062 .0299 

Log-Likelihood 84.1476 
***= significant at 1 per cent level (p<0.01);** = significant at 5 per cent level (p<0.05);* = significant at 10 per cent level (p<0.10). 
 
Table 5: Efficiency Explaining Factors for Boro Rice. 

Variable  Parameter Coefficient Std Error P-value 
Constant 

0β  1.0097*** .0018 .0000 

Area 
1β  -.0003*** .0000 .0000 

Seed 
2β  -.0000*** .0000 .0037 

Fertilizer 
3β  -.0003*** .0000 .0000 

Rainfall 
1γ  .0000* .0000 .0953 

Temperature  
2γ  .0004** .0003 .0213 

Humidity 
3γ  -.0015* .0002 .0531 

Log-Likelihood 138.9439 
***= significant at 1 per cent level (p<0.01);** = significant at 5 per  cent level (p<0.05);* = significant at 10 per cent level (p<0.10). 

 
A very significant and positive effect of rainfall 

on yield of Aus and Aman but Boro has positive but 
insignificant effect has been identified [19]. 
Temperature has negative impact on efficiency of 
Aus and Aman and statistically significant at 10% 
level of significance. On the other hand, temperature 
has positive effects on Boro efficiency.Boro rice 
follows rabi season (December-May) that’s why face 
the better temperature module. Humidity is reflecting 
negative unique effects in all three types of rice. 
 

Environmental Effects Index: 
 
The combined effects of rainfall, temperature 

and humidity variations on output can be represents 
by the environmental  effects index  .Environmental 
Annual variations of rainfall and temperature and 
humidity on Aus,AmanandBoro production is 
depicted on figure 1. Each year the productions are 
disproportionately affected by the effects of climate 
change.  In 1998, over 75% of the total area of the 
country was flooded. The 2004 flood was very 
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similar to the 1988 and 1998 floods with two thirds 
of the country under water. Bangladesh faced flood 
again in 2007.The asymmetry of the annual 
variations largely reflects between output and 
environmental variable mainly rainfall. In fact, 
among the three environmental variable major 
variations occurs for rainfall. We categorize 
environmental effect index according to three major 
time (1998, 2004 and 2007) flood took place in 
Bangladesh.Bororice follows irrigated system that’s 
why rainfall does hamper its production whereas 
different picture situated in rain fed Amanrice. The 
picture of environmental effects of Boro rice is 

depicting almost same for every year. But the 
environmental effects for Aman rice are showing that 
rainfall is significantly bit higher during 1998 to 
2003.During 2004 the rainfall is significantly below 
for Aman. During 1992 the rainfall is significantly 
large for both Aus and Aman rice crop.Aman are 
rainfed crops whereas the water requirement of the 
Boro crop during the dry season is met through 
irrigation. That’s why Boro rice is facing fewer 
constraints than Aus and Aman and technically most 
efficient rice in Bangladesh.Aman rice faced most 
environmental effects on 1992 and bit less on 
1996.Same picture is depicting about Aus rice.

 
 

 

 

 
 
Fig. 1: The mean environmental effects index for Aus, Aman and Boro rice. 
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Conclusion: 
 
SFA with time varying efficiency is estimated in 

this paper along with environmental effects. From 
year specific environmental effects we may have a 
clear picture about rainfall, temperature and 
humidity’s effects on rice farm in Bangladesh. Boro 
rice is irrigated rice and showing a smooth carves 
with rainfall, temperature and humidity.Mean 
efficiency of Cobb Douglas production model 
without environmental variable is more than the 
efficiency of with environmental variable. From tobit 
results it is apparently clear about the significance 
impact of area,seed, fertilizer, rainfall, temperature 
and humidity of Aus,Aman and Bororice.Further 
research on the technical change with environmental 
effects might be done to improverice productions in 
Bangladesh. 
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