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INTRODUCTION

Food self–sufficiency is an important agenda because 
Brunei Darussalam (hereafter Brunei) imports large 
bulks of overall food requirements from foreign coun-
tries.  Natural disasters and political uncertainties in the 
producing countries where Brunei imports its food might 
affect food supply to the nation.  For this reason, the gov-
ernment perceives that reaching self–sufficiency in food 
production is crucial.  Consequently, the government has 
aggressively carried out various programs and plans in 
order to increase rice production.  Although rice is the 
main staple food or traditional diet for Bruneians, domes-
tic or local rice production is still at an unsatisfactory 
level.  About 97 percent of domestic rice consumption is 
imported with about 3 percent of self–sufficiency level 
(DAA, 2009a).  This poor production output in the 
Bruneian rice sector could be associated with poor infra-
structures, farmers who still practice traditional meth-
ods, low rice yields where the average rice yield is about 
1 metric ton per hectare, and so on.  Steps have been 
taken by the Department of Agriculture and Agribusiness 
(DAA) to raise domestic rice production from the present 
meager 3 percent self–sufficiency to a more acceptable 
figure (DAA, 2009b).  The DAA is targeting a 20 percent, 
equivalent to a 6,000 metric ton increase of local rice 
production by 2010, and a 60 percent (equivalent to 
18,000 metric tons) increase by 2015 in a bid to achieve 
self–sufficiency in rice production (DAA, 2008).

Therefore, it is important to note that in order to 
increase rice productivity, rice farmers must adopt mod-
ern rice farming methods such as new technologies, 

good agricultural practice, and so on.  However, introduc-
ing new technologies like machinery is very costly, and 
sometimes farmers are not making efficient use of exist-
ing technologies (Herdt and Mandac, 1981).  For this rea-
son, increasing productivity through more efficient utili-
zation of available scarce resources is more reasonable 
and cost effective than introducing new technologies 
(Bravo–Ureta and Pinheiro, 1997).  The analysis of effi-
ciency is generally associated with the possibility of farms 
producing certain optimum level of output from a given 
bundle of resources or certain level of output at least 
cost.  This study was therefore designed to investigate the 
rice production efficiency of rice farmers in Brunei as 
well as to identify factors that influence their efficiency.

MATERIALS AND METHODS

Analytical Framework1 
Production efficiency relates to the degree which a 

farmer produces the maximum feasible output from a 
given bundle of inputs (an output oriented measure), or 
uses the minimum feasible level of inputs to produce a 
given level of output (an input oriented measure).  The 
most popular approach to measure efficiency is the use 
of stochastic frontier production function (Rahman, 2003; 
Coelli et al, 2005).  Therefore, in order to identify the 
factors affecting rice yield and assess the efficiency of 
rice farmers in Brunei, the stochastic frontier production 
function is applied.  The Cobb–Douglas stochastic fron-
tier production model is assumed to be an appropriate 
model for this analysis because the methodology 
employed requires that the production function be self 
–dual.  The model specified for a farmer in given season 
is defined as;
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Yi= f(Xij;β)					     (1)

where Yi is the output of the ith farmer, Xij is the jth 
input used by farmer i, and β is a vector of unknown 
parameters.  We can possibly derive technically efficient 
input quantities (Xit) for any given level of output Y

–
, by 

solving simultaneously equation (1) and the observe 
input ratios X1/Xi = Xi where ki is the ratio of the 
observed level of inputs ki and Xi (i>1)at output  Y

–
.

We assume that the production function in equation 
(1) is self dual (e.g. Cobb Douglas), therefore, the dual 
cost frontier can be derived and written in general form 
as; 

Ci=h(P, Y; α)				    (2)

where C is the minimum cost to produce output Y, P is 
the vector of input prices for the ith farmer and α is a 
vector of parameters to be estimated.  The economically 
efficient input vector for the ith farmer, Xie, can be derived 
by applying Shephard’s Lemma, the system related to 
the cost minimizing input demand functions through its 
partial derivatives with respect to input prices.  From 
this demand equation for the jth input, we obtain,

           = f(P, Q; θ)				    (3)

where θ is a vector of parameters.  The observed tech-
nically efficient input vector, Xit, and economically effi-
cient input vector, Xie, cost production of the ith farm 
are used to compute allocative efficient input vector, Xia, 
the actual cost operating input.  The basis of calculating 
TE and EE are as follows;

TE = (Xt∙P)(Xa∙P)				    (4)

EE = (Xe∙P)(Xa∙P)				    (5)

Finally, in Farrel (1957) methodology, AE can be 
explained as a product of TE and AE.  Therefore we can 
calculate AE from equations (4) and (5) as; 

AE = (Xt∙P)(Xe∙P) = (EE)/(TE)		  (6)

However, Farrel (1957) deterministic frontier 
approach is extremely sensitive to outliers which accord-
ing to Schmidt and Lovell (1978), the parameters are not 
estimated in any statistical sense, but are merely com-
puted via mathematical programming techniques.  In 
addition, efficiency measures obtained from determinis-
tic models are affected by statistical noise as noted by 
Schmidt (1985–1986).

Therefore, Stochastic Frontier Production Function 
is applied in this study and specified from equation (1) 
as follow;

ln(Yi) = β0 +Σi βi lnXij+εij			   (7)

where

εij = vij− uij					     (8)

The essential idea behind the stochastic frontier 
model is that εi is a “composed” error term (Aigner et al., 
1977; Meeusen and Van de Broeck, 1977).  The two com-
ponents vij and uij are assumed to be independent of each 
other.  The vij represent random error or variations in 
output that are assumed to be independent and identi-
cally distributed as N(0, σv

2) due to factor outside the 
control of farmers(e.g weathers, natural disasters, etc.) 
as well as the effects of measurement error in the output 
variable, left out explanatory variables from the model 
and stochastic noise.

The uij is a non–negative random variable, associated 
with technical inefficiencies of production, which are 
assumed to be independently distributed such that uij is 
obtained by truncation (at zero) of the half normal dis-
tribution (u~|N(0,σu

2|) (Battese and Coelli, 1995).  The 
maximum likelihood estimation of equation (7) yields 
consistent estimators for β, γ and σv

2, where β is a vec-
tor of unknown parameters, γ= σu

2/σ2 and σ2= σv
2+ 

σu
2.  Jondrow et al. (1982) have further shown that the 

assumptions made on the statistical distributions of v and 
u, making it possible to calculate the conditional mean 
of ui given εi as ;

E(ui|εi) = σ*[                      −	 ]	 (9)

where F* and f* are the standard normal density and dis-
tribution functions respectively, evaluated at εiλ/σ, and 
σ*

2= σv
2+σu

2/σ2.  Subtracting v from equation (7) yields 
the result in 

ln(Yi
*) = β0 +Σβi lnXij –ui = ln(Yi)–vi	                           (10)

where ln(Yi
*) is defined as the farm’s observed output 

adjusted for the statistical noise contained in vi.  From 
this equation, we can compute the TE input vector, Xit, 
and derive the cost frontier which is the basis for calcu-
lating minimum cost factor demand equations which in 
turn, used to estimate economic efficiency, Xie.  Since 
the cost frontier is based on duality function like Cobb–
Douglas production function, the model can be written 
as:

ln(Yi
*) = β0 +Σβi lnPij+γln(Yi

*)	              (11)	

where Pij is the jth input prices for rice production for 
ith farm and ln(Yi

*) is total rice production output that is 
adjusted for any statistical noise.  The efficiency indices 
in this study are predicted using the FRONTIER 4.1 soft-
ware (Coelli, 1996), which is based on its conditional 
expectation, given the model assumptions.

Source of Data
The primary data for this study was collected in a 

field survey by direct interview with rice farmers in 
Brunei/Muara District and Temburong District in June 
2010.  Farmers in Brunei plant and harvest rice once a 
year.  In Brunei/District, three groups of farmer associa-

∂C
∂P i f*(εiλ/σ)

1–F*(εiλ/σ)
εiλ

σ

n

i= 0

n

i= 0
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tions namely KOSEKA (Cooperatives), Kg Bebuloh 
(Village), and Mukim Pengkalan Batu (Village) were inter-
viewed.  On the other hand, farmers in Temburong were 
randomly selected because there were no farmer’s asso-
ciations or cooperatives available.  Appointments for 
interviewing were made prior to the interview so that 
farmers have ample time to answer the questionnaire 
and to avoid disturbing farmers working in the farm.  A 
total of 82 farmers were interviewed – 62 farmers from 
the Brunei/Muara district and 20 farmers from 
Temburong.

The questionnaire in this study was structured to 
elicit responses from the selected farmers on their house-
holds farming activities.  These include information on 
farm size, material inputs and cost, labor supply and 
wages, and so on, as well as quantities of rice output and 
prices.  Socio–economic data of the farmers such as age, 
level of education, farming experience, and so on were 
also collected.

EMPIRICAL RESULTS AND DISCUSSION

Empirical Model
The production of each farm was assumed to be char-

acterized by a Cobb–Douglas function.  It is one of the 
most popular ways of functional form to estimate the 
relationship between inputs and outputs.  In addition, the 

Cobb–Douglas functional form is fit to separate stochas-
tic frontier production for rice using maximum likelihood 
procedures (Bravo–Ureta and Evenson, 1994).  From 
equation (7), the stochastic frontier production function 
to be estimated is;

ln(Yi) = β0 + β1lnFertilizer + β2lnHerbicide 
          + β3lnPesticide + β4lnLabor 
          + β5lnMachinery + εij 	                            (12)

where Yi = rice yield of ith farmer in metric ton per hec-
tare, Fertilizer is defined as the quantity of fertilize 
usedr in kilogram per hectare, Herbicide is the quantity 
of herbicide used in milliliter per hectare, Pesticide indi-
cates the amount of pesticide used in milliliter per hec-
tare, Labor represents the number of hired labors per 
hectare, Machinery is defined as the amount of machin-
ery operating cost per hectare and εij is the composed 
error term defined in equation (8).  Table 1 presents the 
summary statistics for some of the important variables 
used in the stochastic frontier production function.

Empirical Results and Discussion
The Maximum Likelihood Estimates (MLE) of param-

eters in the stochastic frontier defined by equation (1) is 
presented in Table 2.  For comparison, Ordinary Least 
Squares (OLS) estimates of average production func-

Table 1.  Summary Statistics of the Variables Used in the Technical Efficiency Model

Variable Unit Mean Std. Dev.   Min Max

Yield Tonne/ha 1.74 0.75 0.51 3.75

Fertilizer Kg/ha 182.04 100.92 18.00 450.14

Herbicide ml/ha 12.30 7.44 2.00 30.21

Pesticide ml/ha 2.60 2.06 0.00 8.00

Labor person/ha 1.68 1.59 0.00 5.00

Machinery B$/ha 116.53 152.08 0.00 750.09

Note; B$1=US$0.80 as of March, 2011 currency exchange rate

Table 2.  �The OLS and ML Estimates for Parameters of the Stochastic Frontier Production Function for the Rice 
Farmers in Brunei uring the 2010 Cropping Season

Variables Parameters 
Coefficients t–ratio Coefficients t–ratio

OLS MLE

Constant β0 0.5026** 1.90 0.5152* 1.60

Fertilizer β1 0.0224*** 2.86 0.0244*** 2.97

Herbicide β2 0.0198** 1.87 0.0198** 1.94

Pesticide β3 0.0417 1.01 0.0418 1.05

Labor β4 0.2281*** 2.02 0.2481*** 2.10

Machinery β5 0.2550*** 3.99 0.2640*** 4.15

R2 0.57

Model Variance σ5  0.3800* 1.72

Gamma γ  0.6400*** 3.89

Log–Likelihood 54.5900

Note; ***, ** and * are statistically significant at 1%, 5% and 10% respectively. 
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tions are also shown.  The coefficient R2 shows that 57 
percent of the proportion of the total sample variation in 
the dependent variable is explained by the independent 
variable.

From the results, all of the estimated coefficients 
except pesticide had the expected positive signs and 
were statistically significant at 1, 5, and 10 percent levels 
respectively, in both the OLS and ML estimates.  This 
indicates that additional increase in the use of these var-
iables, ceteris paribus, may increase the rice yield.  For 
example, the estimated coefficient of labor is statistically 
significant at the 1 percent level.  Therefore, the rice yield 
or output can be increased by 0.25 percent with a per-
cent increase in labor.

Another variable worth to mention is machinery.  
The result also shows that a percent increase in machin-
ery use will also increase rice yield by 0.26 percent.  
Additional input in both labor (0.25) and machinery vari-
ables (0.26), if combined, can boost the rice output up 
to 0.50 percent.  This indicates that both machinery and 
labor are very important in raising rice yield.  The coeffi-
cient of pesticide is found to be insignificant in both OLS 
and ML estimate.  However, our result shows that, rice 
yield does not increase so much with additional applica-
tion in herbicide and fertilizer.

As explained before, the maximum likelihood esti-
mation can derive gamma (γ), which is associated with 
the variance of technical in efficiency effects in the sto-
chastic frontier, and is estimated to be 0.64, suggesting 
that systematic influences that are unexplained by the 
production function were the dominant sources of ran-
dom errors.  This indicated that 64 percent of the total 
variability of rice yield for the farmers was due to differ-
ences in technical inefficiency among farmers and is sta-
tistically significant at the 1 percent level.  In other words, 
rice output can be optimized if the technical inefficien-

cies among farmers are minimized.  The dual cost fron-
tier calculation derived from equation (11) is given as;

lnCi = 1.1861 + (0.1419) lnPF + (0.0845)lnPH 
       + (0.0705) lnPP + (0.3044) lnPL + (0.2726) lnY* 
					                  (13)

where Ci is the minimum cost of rice production per ith 
farm; PF is the price of fertilizer in B$/kg, PH price of her-
bicide in B$/ml, PP price of pesticide in B$/ml, PL wage 
rate of labor per day in B$ and Y*, is the farm output 
adjusted for any statistical noise.

Table 3 shows the result of the frequency and per-
centage distribution of Technical, Allocative, and 
Economics Efficiencies of rice farmers in Brunei.  From 
equation (7) and (12), this study revealed that TE indi-
ces of rice farmers range from 23.3 percent to 99.7 per-
cent and the mean of TE is 76.3 percent.  This indicates 
that the ‘best’ practice farmer operated at 99.7 percent 
efficiency, while the ‘least’ practice farmers we found 
operated at about 23.2 percent level.  Also, from the result 
obtained, more than 48 percent of the farmers inter-
viewed were more than 80 percent technically efficient.  
This result also help to reveal that average farmer in the 
sample could save average of 23.5 percent (i.e., 
1–[76.3/99.7]) of cost–saving if a farmer was to achieve 
the TE level of his most efficient counterpart.  Similarly, 
for the most technically inefficient farmer, he could real-
ize cost–saving of 76.7 percent (i.e., 1–[23.3/99.7]).  
Although farmers in Brunei are relatively efficient, there 
are clear opportunities that exist to increase their effi-
ciencies by 24 percent given the prevailing current set of 
inputs, prices and technology at that time.  The AE indi-
ces of rice farmers range from the lowest of 1.8 percent 
to the highest of 85.3 percent with a mean AE of 65.7 per-
cent.  From the combination effect of technical and 

Table 3.  �Frequency and Percentage Distribution of Technical (TE), Allocative (AE) and Economic (EE) 
Efficiency Estimates of Rice Farmers in Brunei during the 2010 Cropping Season

Efficiency 
Level (%)

Technical Efficiency Allocative Efficiency Economic Efficiency

Noa %b Noa %b Noa %b

<10 0 0 2 2.4 7 8.5

11–20 0 0 4 4.9 0 0.0

21–30 4 4.9 1 1.2 0 0.0

31–40 4 4.9 0 0.0 13 15.9

41–50 0 0.0 0 0.0 13 15.9

51–60 8 9.8 13 15.9 17 20.7

61–70 13 15.9 18 22.0 16 19.5

71–80 14 17.1 41 50.0 16 19.5

81–90 15 18.3 3 3.7 0 0.0

>90 24 29.3 0 0.0 0 0.0

Mean (%) 76.3 65.7 53.1

Minimum (%) 23.3   1.8   0.4

Maximum (%) 99.7 85.3 77.5

Note: a  indicates the number of farmers, b indicates the percentage of total farmers.         
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allocative efficiency factors, we can get the economic 
efficiency level among the farmers in the study.  The 
mean EE in this study is 53.1 percent, with indices rang-
ing from 0.4 percent to 77.5 percent.  From these fig-
ures, we can suggest that if the average farmer in the 
study were to reach EE level of its counterpart, then the 
average farmer could realize cost–savings of 31.5 per-
cent (i.e., 1–[53.1/77.5]).  Using the same calculation, we 
can assume that an economically inefficient farmer can 
gain an economic efficieny of 99.5 percent (i.e., 
1–[0.4/77.5]).  From the figures in Table 3 we can con-
clude that although TE index of farmers in Brunei is con-
sidered high, allocative inefficiency among farmers need 
serious attention in order to improve the EE.  As already 
explained, EE is composed of AE and TE.  Therefore, 
economic inefficiency arises from a combination of the 
technical and allocative components. 

Socio–Economic Factors Affecting Farmer’s 
Efficiency

In order to understand factors that are affecting effi-
ciency, investigating farm/farmer characteristics with the 
computed TE, AE and EE indices separately is neces-
sary.  One approach is to compute correlation coefficients 
or to conduct other simple non–parametric analysis called 
‘two–step’ method (Bravo–Ureta and Evenson, 1994).  
This method received many criticisms from several 
authors2, who argued that the socioeconomic variables 
should be incorporated directly in the production frontier 
model because such variables may have a direct impact 
on efficiency.  However, Kalirajan, (1991) defended this 
approach by contending that the socioeconomic attributes 
have a roundabout effect on production, hence, should 
be incorporated into analysis indirectly (Bravo–Ureta 
and Evenson, 1994; Bravo–Ureta and Pinheiro, 1997; 
Sharma et al., 1999).  Ray (1988) has argued that the 
two–step procedure is justifiable if one assumes that the 
production function is multiplicatively separable in what 
he calls discretionary and nondiscretionary inputs.  The 
former inputs are those typically included in production 
function models while latter are those commonly used to 
explain variations in efficiency (Bravo–Ureta and 
Evenson, 1994).  The model used is a two–limit tobit 
model procedure, given that the efficiency indices are 
bounded between 0 and 1 (Greene, 1980).  The model can 
be written as;

EFFICIENCY = δ0 + δ1FARM SIZE + δ2AGE 
                       + δ3GENDER + δ4EDU + δ5EXP 
                       + δ6COOP + δ7SOIL + δ8IRRI 
                       + δ9TRAINING + δ10EXT 
                       + δ11VARIETY 		               (14)

where EFFICIENCY is the technical efficiency, alloca-
tive efficiency, or economic efficiency of farmers calcu-
lated in the previous frontier functions.  The variables 
used in this study are usually adopted in many studies in 
other stochastic frontier literatures.  All variables are 

dummy variables and are defined as follows: FARM SIZE 
is defined as the acreage of farmer’s rice field in hectare 
where 1=<2.5, 0=otherwise.  AGE is defined as the age 
in years of the primary decision maker in the farming 
operation where 1=>40years, 0=otherwise.  GENDER is 
the gender of the farmers, where 1=male,0=female.  
EDUCATION is defined as whether or not farmers have 
ever attended formal school where 1=yes,0=otherwise.  
EXPERIENCE indicates the number of year that the 
farmers have been involved in rice faming.  COOP repre-
sents that if the farmer is a member of any cooperatives 
where 1=yes, 0=otherwise.  SOIL indicates the level of 
soil fertility according to the farmer’s perspective where 
1=fertile, 0=otherwise.  IRRI is the source of water used 
to supply water into the rice farm, where 1= irrigation, 
0=otherwise.  TRAINING indicates that if farmers have 
ever attended any training related to rice farming where 
1=yes, 0=otherwise.  EXT indicates if any extension 
workers went to visit rice farmer’s farm, where 1=yes, 
0=no.  VARIETY is defined as the type of rice variety 
used, where 1= HYV (high–yielding varieties), 0=con-
ventional (local) variety. 

There are some points worth discussing from Table 
4. First, Bruneian farmers are considered small–scale 
farmers by looking at the average size of farm of 1.96 hec-
tares, where the largest scaled farmer operates 5 hec-
tares and the smallest 0.8 hectares.  The average age of 
farmers is between 40–50 years where most of them are 
retirees.  The average level of experience of farmers is 
less than 10 years, probably one of the least in Asia, 
where the average duration of growing modern rice vari-
eties is more than 10 years (Rahman, 2003).  This is 
because farmers in Brunei only start to be involved in 
rice farming after they retire from the public or private 
sector, and the number of Bruneians who starts rice 
farming only increased few years back when the govern-
ment emphasized on increasing local rice production by 
providing incentives to encourage Bruneians to plant 

2	 Battese et al., (1989), Kumbhakar, (1994), Lin and Ma, (2006)

Table 4.  �Summary Statistics of the Variables Used to Estimate 
Source of Inefficiencies

Variable Mean Std. Dev Min Max

FARM SIZE 1.96 1.56 0.8 5

AGE 4.65 0.54 3 5

GENDER 0.67 0.47 0 1

EDU 1.36 1.01 0 4

EXP 2.85 1.63 1 5

COOP 0.31 0.47 0 1

SOIL 0.24 0.43 0 1

IRRI 0.35 0.48 0 1

TRAINING 0.79 0.41 0 1

EXT 0.89 0.31 0 1

VARIETY 0.70 0.47 0 1
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rice.  Soil fertility in Brunei is not considered as one of the 
best for rice planting, where only 24 percent of the farm-
ers perceived the soil of their land as fertile.  Only 31 
percent of the farmers interviewed are members of a 
cooperative, and lack of water supply in the rice field is 
one of the major constraints to achieve good yield.  Only 
an average of 35 percent of farmers has access to irriga-
tion.

Table 5 presents the results of the Two Limit Tobit 
Equations to estimate socio–economic factors that affect 
efficiency.  According to the results, the estimated coef-
ficient of FARM SIZE shows a robust and positive rela-
tionship with TE and EE but negative with AE.  This indi-
cates that farmers with small farm (less than 2.5ha) tend 
to have TE and EE advantage compared to big farms 
(more than 2.5 ha).  This is perhaps not surprising.  The 
finding is in conformity with the findings of Berry and 
Cline (1979) which stated that small farms’s higher effi-
ciency of resource utilization is primarily attribute to 
‘labor–market dualism’.  They assume that these market 
concepts are applicable to a small–farm situation, where 
labor is largely drawn from the family, land is inherited, 
seed and manure are produced on the farm, and much of 
the output is consumed by the household.  Negative 
relationship of AE and farm size could be due to ineffec-
tive cost of wage labor compared to family labor since 
large farms rely mainly on hired labor while small farms 
rely mainly on family labor.  In contrast, Hien et al. (2003) 
stated that farmers with larger farms may encounter 
fewer problems than those with small farm in applying 
inputs at the right time and in the appropriate quanti-
ties.  In addition, they have advantages over small farm in 
investment of hiring machinery and labor or other appli-
ances or tools.  Findings by Kalirajan (1981), Bravo–Ureta 
and Pinheiro (1997) and Idiong (2007) support the 
notion that farmers with larger farms tend to be more 
efficient than farmers with small farms which is in con-

trast to findings by Herdt and Mandac (1981), Lingard et 
al. (1983) and Zyl et al. (1995).  Nevertheless, with these 
findings we can conclude that farm size significantly 
determines levels of efficiency in rice production. 

AGE was found to have a negative and statistically 
significant connection with TE only.  This finding could 
suggest that an increase in age leads to technical ineffi-
ciency of farmers.  One of the possible explanations to 
this situation was reasoned by Shehu et al. (2007) who 
stated that the general ability to supervise farming activ-
ities decreases as farmers advance in age.  These results 
are consistent with the findings of Kalirajan and Flinn 
(1983) and Bravo–Ureta and Evenson (1994).  Younger 
farmers are likely to have formal education, and there-
fore might be more successful in gathering information 
and understanding new practices, which in turn will 
improve their efficiencies.  As far as technical efficiency 
is concerned, the effect of farming experience, usually 
measured in number of years the farmer has been 
involved in rice farming, is one of the socio–economic 
factors that has been given great attention in many sto-
chastic production function literature.

The results concerning GENDER suggest that farmer 
who is female has a positive association with AE but neg-
atively associated with EE.  Therefore, we can assume 
that female farmer exhibit higher levels of AE, but lower 
levels to EE equation.  The roles of women in agriculture 
are well documented in Norton and Alwang (1993).  
Women have dual roles where they not only manage the 
affairs of the household but also the farm.  Women are 
more efficient in making decision in selecting inputs in 
relation with market price compared to men.  However, 
overall, men are more economically efficient in more labor 
intensive work like felling trees, ploughing, and so on. 

The estimated coefficient EXP indicates that farm-
ers with more farming experience tend to be more effi-
cient in rice production.  One of the reasons for the posi-

Table 5.  �Two Limit Tobit Equations to Estimate Technical (TE), Allocative (AE), and Economic (EE) Efficiency of Rice 
Farmers in Brunei during the 2010 Cropping Season

Variable Parameters
  TE AE EE

Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error

Constant δ0   0.6732*** 0.0639   0.9582*** 0.0413   0.6432 0.0552

FARM SIZE δ1   0.0920*** 0.0339 –0.1531*** 0.0219   0.1953*** 0.0293

AGE δ2 –0.0607** 0.0316 –0.0219 0.0204   0.0372 0.0279

GENDER δ3 –0.0260 0.0322 –0.0515** 0.0208   0.0703** 0.0270

EDU δ4   0.0670 0.0313   0.0106 0.0203   0.0493 0.0317

EXP δ5   0.0473** 0.0367 –0.0085 0.0236   0.0507** 0.0321

COOP δ6   0.1900** 0.0371   0.0317 0.0239   0.2070*** 0.0259

SOIL δ7   0.3320*** 0.0335 –0.2580 0.0216   0.2834*** 0.0289

IRRI δ8   0.2177*** 0.0387   0.0935*** 0.0249   0.2718*** 0.0334

TRAINING δ9   0.1172*** 0.0430   0.0164 0.0217 –0.1097 0.0371

EXT δ10 –0.0214 0.0463   0.0572** 0.0298   0.0175 0.0400

VARIETY δ11   0.1334* 0.0397   0.0081 0.0256   0.1521* 0.0343

Log–Likelihood 56.69 94.34 68.44

Note; ***, ** and * are statistically significant at 1%, 5% and 10% respectively.
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tive contribution of the variable to TE and EE could be 
that farmers with more years of experience tend to 
become more efficient through ‘learning by doing’ (Shehu 
et al, 2007).  Furthermore, increased farming experience 
may lead to better assessment of importance and com-
plexities of good farming decision, including efficient use 
of inputs.

Of all variables, the most worth mentioning variable 
in relation to efficiency is COOP.  A positive relationship 
between TE and EE implies that farmers who joined 
cooperatives or associations, or formed an organization, 
tend to be more efficient than farmers who do not.  
Membership in farmers organizations/cooperatives allow 
the farmers to have the opportunities of sharing informa-
tion with other farmers especially on ‘how to use’ knowl-
edge on modern rice production practices by interacting 
with other farmers.  Furthermore, farmers who joined or 
formed organization/cooperatives in Brunei are given 
priority to attend the so called ‘Farmer’s School Course’ 
which was introduced and funded solely by the govern-
ment through the Department of Agriculture.  In this 
course, farmers were taught on rice field management, 
modern rice planting technique, use of pesticide and 
other chemicals and so on.  Therefore, inefficiencies 
among farmers can be reduced if farmers joined or formed 
any organization or cooperatives.

The statistically strong significant effect of SOIL 
dummy variable with TE and EE indicates that this vari-
able has significant influence upon the observed effi-
ciency differentials.  The positive coefficient is expected 
and supports the notion that farmers with farms of high 
soil fertility are more efficient than farmers with farms of 
low soil fertility.  This can be explained by the facts that 
farmers with farms of low fertility tend to overuse inputs 
like fertilizer in order to increase inputs.  Most literature 
omitted soil variable in their study, where there is a dan-
ger that physical differences in factors such as soil could 
play important factors in affecting efficiency among farm-
ers as observed by Coelli et al. (2002).  Of all the dummy 
variables, the IRRI variable is the only one that has uni-
formly the same sign and is statistically significant in all 
three efficiency equations.  Poor infrastructure like in 
irrigation has proven to have positive effects on a farm-
er’s inefficiency.  In fact that most of the farmers have 
limited or no availability of proper water supply because 
no irrigation system is available.  Most of the farmers 
interviewed lamented the unavailability of proper irriga-
tion system, as they believed it can help to improve rice 
yield and efficiency.

TRAINING was found to be only significant in TE, 
which indicates that training is directly related to pro-
ductivity.  Therefore, we can conclude that, farmer who 
went to or attended farm–related training are more tech-
nically efficient than farmers who do not.

The EXT variable has a strong association with AE, 
which indicates that farmers who receive and follow the 
advice from extension workers regarding use of inputs 
according to prices are more allocatively efficient than 
farmers who do not.

The last variable included in the tobit equations is 

VARIETY.  Although the impact of rice variety on TE and 
EE are not high, adoption of new varieties should be 
encouraged in rice production.  Not only can this brings 
higher yields but also creates a sustainable, safe environ-
ment, and stable yield for the long run (Hien et al., 2003) 
Therefore, the role of Brunei Agricultural Department in 
introducing new technology to farmers should be empha-
sized here.  

CONCLUSION

This paper uses a stochastic frontier production 
model to analyze the technical, allocative and economic 
efficiency among 82 rice farmers in Brunei during 2010 
single cropping season.  In the stochastic frontier produc-
tion, the explanatory variables, particularly the labor and 
machinery, have significant effects on rice productivity.  
Therefore, considerable amounts of investment in these 
two variables could be important in improving rice yield.  
Moreover, the recommendation of use of appropriate 
and proper dosage of fertilizer and herbicide could also 
bring greater benefit for rice growers such as increasing 
rice output per hectare.

Rice yield per hectare in Brunei shows a very unsat-
isfied level of averagely 1 ton per hectare.  However, posi-
tive rice productivity growth can be achieved if farmers 
are making efficient use of available resources and the 
existing technologies, and if the institutional factors that 
affect efficiency are resolved.  Therefore, an examination 
of the relationship between efficiency and various insti-
tutional variables is important to reveal a clear strategy 
that could be recommended to improve performance.  
This analysis shows an average technical efficiency of 76 
percent for rice farmers, which reveals that there is room 
for improvement in the productivity of rice among farm-
ers in the sample in order to achieve maximum effi-
ciency.

This study also reveals average levels of technical, 
allocative, and economic efficiencies are equal to 76.3 per-
cent, 65.7 percent, and 53.1 percent, respectively.  These 
results suggest that substantial gains in output and/or 
decrease in cost can be attained given existing technol-
ogy.  The results also point to the importance of examin-
ing not only TE, but also AE and EE when measuring 
productivity.  Productivity gains stemming from techno-
logical innovation remain of critical importance in agri-
culture despite the role that higher efficiency levels can 
have on output.  Therefore, research efforts directed 
towards the generation of new technology should not be 
neglected.

From a policy point of view, farm size has significant 
impact on overall efficiency whether the farmer has a big 
farm or vice versa.  Although there are many arguments 
in the literature, whether large–farm farmers is more 
technically efficient than farmers with small farms, as far 
as rice farmers in Brunei are concern, it is recommended 
that land accumulation should be considered and future 
land granting policy should be considered and reviewed.  
It is also suggested that farmer should operate on 
medium–size farm to compensate on loss of cost on 
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operating in big farms.  
It is revealed that farmers who have farms of low soil 

fertility are more inefficient than farmers who have farms 
of high soil fertility.  Consequently, they tend to overuse 
inputs like fertilizer, pesticide, labor and so on in order 
to achieve maximum output.  This is true from the 
authors’ observation during the survey.  The unbalanced 
application of these inputs is one of the important fac-
tors that contribute to inefficiency.  Therefore, proper 
training or adoption of integrated pest management (IPM) 
method is recommended not only to improve the soil fer-
tility and efficiency but also for the development of sus-
tainable agriculture.  Individual farmers who used irriga-
tion are more efficient in all three equations than those 
who did not.  Water shortages cause the farmers to be 
inefficient especially rain–fed farmers.  Therefore, it is 
suggested that the Bruneian government would seriously 
consider investing or upgrading rice farming infrastruc-
ture such as the construction of irrigation systems to 
increase cropping intensity, as well as a drainage system 
which will be useful not only for efficient water manage-
ment but also to help to wash out the nutrient toxicity in 
the soil.  

One of the most significant finding is that farmers 
who join organizations or cooperatives are more efficient 
because of the benefits they are receiving like technical 
assistance, priority to attend training, and so on.  This is 
proven by looking at the training variable where efficiency 
improved in farmers who joined who joined organiza-
tions/cooperatives and participated in farm management 
training, compared to those who did not.  Therefore, farm-
ers who are not members of any organization or coopera-
tives are encouraged to join or form one.  Hence, the 
authors suggest that specific government agencies like 
the agricultural department should organize farmer–train-
ing courses and encourage farmers to join it as this can 
improve their overall efficiencies.

The extension variable indicates that farmers who 
receive and follow the advice from extension workers 
regarding use of inputs according to prices are more 
allocatively efficient than farmers who do not.  This ena-
ble the farmers to follow effective resource–use patterns 
and practices to improve the efficiency of paddy farms.  
It was found that farmers who have more than 5 years 
experience are more efficient.  Therefore, it is recom-
mended that farmers who have less than 5 years experi-
ence to attend rice–farming training or courses.
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