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ABSTRACT

Shrimp farming has become increasingly important in the aquaculture industry of Peninsular
Malaysia. The culture areas for shrimp continue to expand with a view to achieve higher ocutput
and generating more export earnings. This paper uses farm level data gathered from Perak and
Johor States of Peninsular Malaysia to investigate the technical efficiency of brackish water shrimp
farms. Stochastic frontier production analysis is applied to examine the determinants of frontier
production function and the technical efficiency of pond shrimp farming system. On average,
65% of the sampled shrimp farms are technically efficient. The results suggest high degrees of
technical inefficiency exist among the shrimp farmers. This implies that great potential exists to
increase shrimp production through improved efficiency in farm management in Peninsular
Malaysia. Initiatives to undertake extension programmes at the farm level are needed to help
shrimp farmers in utilizing their resources more efficiently in order to substantially enhance their
shrimp production.

Key words: Brackish water shrimp, Peninsular Malaysia, stochastic production frontier,
technical efficiency, production function

INTRODUCTION

Marine aquaculture has expanded significantly over the last two decades in Malaysia. It
contributes about. 70% of total aquaculture production in the country. The marine shrimp especially
the black tiger shrimp (Penaeus monodon) culture had received much attention in the past due to
its high potential to generate foreign exchange earnings for the country. Shrimp production
increased from 14% m in 1982 to 69,278 m in 2009 with annual growth rate of 28.6%
{Department of Fisheries Malaysia, 2011).

The government identified aquaculture as a key area for development to produce fish for the
country both for local consumption and for export. To achieve these goals, Aquaculture Industrial
Zones (A7) was established in 2007, The government took a number of initiatives to promote
brackish water shrimp culture under the Third National Agricultural Policy (NAP3) of Malaysia
from 1998-2010 (Ministry of Agriculture, 2003). About 491000 ha of additional land was allocated
for construction of aquaculture ponds in Peninsular Malaysia in order to achieve the targeted

shrimp production of 180,000 MT (RM 4.3 billion) by 2010,

103



Trends Applied Sei. Res., 9(2): 103-112, 2014

Ponds are the main production system used for shrimp aguaculture in Peninsular Malaysia.
This system has been substantially contributed to the aquaculture industry in Peninsular Malaysia
since the mid 1980s. There were 1200 shrimp farmers culturing 7,315 ha of shrimp ponds
producing two types of shrimp species such as tiger shrimp (Penaeus monodon) and banana
shrimp (FPenaeus vannamei) produced in marine pond environment in Peninsular Malaysia
(Mazuki, 2008).

In mid 1990s, the black tiger shrimp (FPenaeus monodon) firms had experienced severe
outbrealks of disease results in huge loss of shrimp production in this region. Since 2001, farmers
had effectively introduced banana or white shrimp (Litopenaeus vannamet) species which was more
tolerant to diseases. Production of white shrimp has increased steadily over the years from 662 m
in 2001 to 52,926 m in 2009. However, the production of black tiger shrimp (FPenaeus monodon)
has reduced (Department of Fisheries Malaysia, 2009).

In Peninsular Malaysia, pond shrimp culture system has been mostly semi-intensive or
intensive. The productivity of shrimp in Malaysia is relatively low at 1500 kg ha™ as compared to
other neighbouring shrimp producing countries such as Thailand at 3116 kg ha™'
{(Kumar and Birthal, 2004). The productivity of shrimp farming can be increased through improved
technology adoption or by increasing production efficiency. Studies highlights that improvement
in efficiency 1s more cost-effective than introduction of new technologies if the producers are not,
efficient (Belbase and Grabowski, 1985; Dey et al., 2000).

In the frontier production appreach, the technical efficiency is either defined as a minimum set
of inputs required to produce a given output or maximum output attainable using a given set of
inputs (Farrell, 1957). Very few studies applied frontier analysis in estimating technieal efficiency
in aquaculture sector in Malaysia and other developing countries.

Few studies used stochastic frontier production funection to measure technical
efficiencies of different aquaculture products such as carps, tilapia and shrimp (Sharma, 1999;
Sharma and Leung, 1998, Dey et «al., 2000; Bhattacharya, 2009), Similar studies were
conducted for aquaculture farms in Taiwan, Philippines, Vietnam and India (Chiang et al., 2004;
Irz and McEKenzie, 2003; Nguyven and Vu, 2007; Jayaraman, 1998). The main findings of the
studies were that there was a high degree of technical inefficiency among the aquaculture farmers.
Limited information is available to understand the current production technologies and
management practices by shrimp farmers in Peninsular Malaysia. [inuma ef al. (1999) investigated
technical efficiency of pond culture of carp in Peninsular Malaysia. A similar study was
conducted by Sharma and Leung (2000) and they found that productivity of pond culture of carps
in Peninsular Malaysia is low although there are potentials for increasing carp production through
improved technical efficiency.

The objective of the present study is to estimate the technical efficiency of brackish water
shrimp aquaculture in pond system among shrimp farmers in Peninsular Malaysia. In this paper
we applied stochastic frontier approach in order to examine the farm level technical efficiency in
shrimp pond system in Peninsular Malaysia. Based on the results of the technical efficiency
estimates through stochastic frontier model, some recommendations are presented in this paper to
enhance shrimp production in Peninsular Malaysia.

STOCHASTIC FRONTIER MODEL

The concept of technical efficiency was first introduced by Farrell (1957) who described
technical efficiency as the ability to produce a given level of output with a minimum
quantity of inputs used under certain specific production technology. Aigner et al. (1977) and
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Meeusen and van den Broeck (1977) have developed the stochastic frontier production function to
measure the technical efficiency of production. The Stochastic Frontier Production Function is more
appropriate for measuring technical efficiency because it overcomes the inadequate characteristics
of the assumed error term in conventional production functions which has limitations on statistical
inference of the parameters and the resulting efficiency estimates.

The stochastic frontier production model can be written as:

Y, =f (G Prei=1, 20 n (1)

where, Y, denotes the output for the ith farm i =1, 2, ..., n); X is a (1xk) vector of factor inputs of
the ith farm and B is a (kx1) vector of unknown parameters to be estimated; g, 1s the error term that
has two elements, namely:

&, = V-1, @)

where, Vs are random variables which are assumed tobe independently and identically distributed
N (0, 6.3 and independent of the U/s and can be positive or negative. The term U; is a non negative
random variable which accounts for pure technical inefficiency in production and is assumed to be
independently distributed as truncations of the N (Z; 8, 6, distribution (Aigner et al., 1977). The
assumption of the independent distribution between U, and V, allows the separation of the
stochastic and inefficiency effects in the model.

Battese and Coelli (1995) defined U, as:
U, = Z.0+W, (3)

where, 7, is a (1Xp) vector of variables affecting farm efficiency; 8 is a (px1) vector of parameters
to be estimated; W/'s represent the truncation of the normal distribution with mean 0 and variance
0, in such a way that the point of truncation is -7, i.e., Wz -Zd. This assumptions are consistent
with U, being a non-negative truncation of the N (Z; 8, 0, % distribution.

The maximum likelihood estimation technique is used to simultaneously estimate the
parameters of the stochastic frontier model in (1) and those for the technical inefficiency
model in (3). The parameters in Eq. 1 include p and variance parameters such as ¢ = 0 ?*+0_? and
v = 040 (Battese and Corra, 1977), where, ¢? is the sum of the error variance, y measures
the total variation of output from the frontier that attributed to the existence of random
noise or inefficiency. The value of ¥ lies between zerc and one. Inefficiency i1s not present
when v = 0 which means that all deviations from the frontier are due to random nocise.
However, if y = 1 then the dewiations are completely caused by inefficiency effects
{Battese and Coelli, 1995),

The farm level technical efficiency of production for the ith farm (TE) is defined as:

= - =# 4
TE, = o) = e Hep (V) ;

The prediction of the technical efficiency is based on the conditional expectation expressed in
Eq. 4, given the model specification (Battese and Coelli, 1988). The parameters for the stochastic
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production frontier model in Eq. 1 and for the technical inefficiency model in Eq. 3 were estimated
simultaneously with Maximum Likelihood Estimation (MLE).

DATA AND VARTABLES

Data sources: Shrimp farmers were randomly selected from two major aquaculture producing
states in Peninsular Malaysia namely, Perak and Johor. Specifically, 30 farmers from the Manjung
district of Perak state and 15 farmers from the Kota Tinggi District of Johor State were sampled.
The selected respondents were either owner or manager of shrimp farms. The economic and
management related information for shrimp production were collected through face to face
interviews of the sample respondents.

Sample characteristics: Shrimp ponds in Peninsular Malaysia are mostly located aleng the
coastal mangrove swamp areas. The average farm size of grow out ponds was 6.54 and 22.5 ha in
Perak and Johor, respectively, with an average size of 11.86 ha. linuma et al. (1999) also reported
that the average farms under pond culture in Peninsular Malaysia range from medium to large

U of which farms in

size. The average shrimp production for all sampled farms was 4590 kg ha™
Perak produced on average 61685 kg ha?! while those in Johor have a much lower
production of 1438 kg ha™' on average. These information show that shrimp output per hectare was
relatively higher in smaller farms probably due to greater intensity of production inputs used. The
commercial farms established reservoir ponds and installed separate inlet and outlet drains
at the farm level for water supply. However, sea water pollution often disrupts shrimp
aquaculture operation.

All sample shrimp farms used pellet feeds. The average feed costs per cycle (about three months)
was RM19,761 ha™', with farms in Perak having relatively higher feed costs (RM25, 851 ha™)
compared to those in Johor (RM 7, 550 ha™!). Abcut 91% of sample shrimp farms used lime for pond
preparation. Farmers hardly use chemicals for pond treatment. Average number of labour days
employed was 104 mandays in a single production cycle. Majority of the farms have own generators
for electricity supply. Shrimp farmers obtain fries from local hatcheries,

EMPIRICAL MODEL ESTIMATION

The stochastic production frontier model for shrimp pond culture in Peninsular Malaysia has
emploved the Cobb-Douglas functional form, which has been commonly used in other aguaculture
studies in developing countries (Iinuma ef al., 1999; Nerrie ef al., 1990; Hsiao, 1994). The empirical
model is represented by Eq. 5 below:

Ln Y; = B+, Ln X +f, Ln X+, InX+B,LnX +p,X +V, -1, (5)

where, Lin is the natural logarithm, f’'s are the regression coefficients of inputs (input elasticities)
and V+U, are the error terms. The definitions, measurements and summary statistics of all the
variables in Eq. 5 are presented in Table 1. Maximum likelihood estimation of Eq. 5 provides the

estimates for the B's and the variance parameters, 6 = ¢, *+6 * and y = 0,%0* The empirical

specification for the random variable associated with technical inefficiency Eq. 3 is shown
in Kq. 6:

U= 8,48, Zy, 0, 7,10, 2+, 7, e (6)
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Table 1: Summary statistics for variables included in the stochastic frontier production and technical inefficiency models for shrimp

culture

Summary statistics

Variable name Definition Measurement Mean 8D Min. Max.

Output and input variables

Y Shrimp production/cycle kgha! 4,590 3,664 135 15,000
X Shrimp fry Pieces ha™! 528,123 410,751 2632 1,333,333
p Feed kg ha™* 6,375 5,256 217 20,625
X Labour (own and hired) Days ha™! 104 100 3 580
X, Energy (fuel) RM ha™! 12,481 13,515 267 77,570
Xs Utility (operational) RM ha™ 5,132 9,461 14 59,362
Farm specific variables

7 Age Year 42 12 23 65

Ly Education Year 10.73 2.66 3 16

7 Experience Year 9.47 5.84 2 26

7y Production cycle Dax 114 25 75 180

7 Farm area Dummy 0.33 0.476 0 1

SD: Standred Deviation

where, U, 0 and ¢ are as defined earlier. The definitions, measurements and the summary
statistics for variables 7, to Z, are presented in Table 1. KEquation 6 can be estimated if the
technical inefficiency effect, Us, are stochastic and have particular distributional properties
{Coelli and Battese, 1998). Therefore, it 1s necessary to test for the absence of technical inefficiency
effects by testing a number of hypotheses. The first hypothesis is y =8,=8, =.....=09,=0; that is the
effects of the technical inefficiency are not present in the model, the second hypothesisis y =0, to
test whether technical inefficiency is deterministic. Rejection of the null hypothesis
indicates that the U term should be included in the model. The third hypothesis is
6, =06, =0,=98,=0,is that the technical inefficiency effects follow a standard truneated normal
distribution with no technical inefficiency effects. This hypothesis is used to test whether
or not the technical inefficiency function, Eq. 8, is influenced by the level of explanatory
variables. The fourth hypothesis 6, =6, =8, =6, =0, = 0, is that the technical inefficiency effects
are not stochastic. The null hypothesis can be tested using the generalized likelihood-ratio statistic,
A, given by:

4 = =2[In{Hy}-In{LH,)] (7)

where, L{H,) and L(H,) denote the values of likelihood funection under the null (Hy) and alternative
(H,) hypotheses, respectively. If the given null hypotheses are true, A has an approximate ¥’
distribution. In addition, when the null hypothesis involves y =0, A4 has a mixed y* distribution
{Coelli, 1995) and the critical values can be found in Kodde and Palm (1986).

From the model estimation results, the output for each farm can be compared with the
frontier level of output given the level of inputs employed. This deviation indicates the level of
inefficiency of the firm. Therefore, the technical efficiency score for the ith farm in the

sample (TE)), can be defined as the ratioc of observed output to the corresponding frontier
output (Coelli et al., 2005), that is:

TE, =exp (-U) (8)
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where, TE, is the technical efficiency of the farm (0<TE<1). When U, =0 then the 1 th farm lies on
the stochastic frontier and is known as technically efficient. If U0, the farm i lies below the
frontier, which means that the farm is inefficient.

The prediction of technical efficiencies is based on the conditional expectation of U, in Eq. 8. The
equation gives the value of V,-U, evaluated at the maximum likelihood estimates of the
parameters in Eq. 5. The parameters of the stochastic production frontier model Eq. 5 and those of
the technical inefficiency model Eq. 6 are simultanecusly estimated using the maximum likelihood
technique.

RESULTS AND DISCUSSION

The Maximum Likelihood (ML) estimates of the parameters in Kq. b and 8 are presented in
Table 2. The results show that all the estimated f coefficients have positive signs except that for the
costs of other inputs. Only feed is significantly different from zero at 1% level which imply that this
input has major influence on pond production of shrimp in Peninsular Malaysia. The coefficient for
other input costs is negative but does not significantly correlate with shrimp production. Even
though the coefficients are not statistically significant, the results show that the per hectare output
in brackish water pond shrimp culture is positively related to shrimp fry, feed, labour days and
operational costs incurred in shrimp production.

The results for the estimation of the technical inefficiency model’s parameters show that the
coefficient for experience and education are negative and significant. The result implies that an
increase in aquaculture farming experience and an increase in the level of formal education of farm
owners/managers will reduce technical inefficiencies in the shrimp farms, consistent with the results
of other similar in the Philippines (Irz and McKenzie, 2003). Although the age coefficient 1s not,
significant, but its positive sign suggests that as the age of the farm owner/manager increases,
efficiency in shrimp production will decrease. The positive coefficient for pond area (dummy)

Table 2: Parameter estimates of stochastic production frontier and technical inefficiency models

Variable Parameter Coefficients Standard Error

Stochastic production frontier

Constant Bo 1.591 1.239
Ln Seed (shrimp fry) Bi 0111 0.101
Ln (Feed) Fa 0.724%%* 0.110
Ln (Labour) B: 0.094 0.122
Ln (Operational costs) Ba 0.038 0.073
Ln (Other inputs) Bs -0.156 0.089
Technical inefficiency model

Constant By 0.506% 0.241
Age (No. of years) of respondent &y 0.003 0.002
Experience (No. of years) 8 -0.011%* 0.004
Pond Area (dummy) 83 0.087 0.047
Education (level) 8y -0.018*% 0.008
Variance parameter

Sigma-square o, = of,+of, 0.509%*% 0.189
Gamma v = oo’ 0.819%* 0.182
Log Likelihood -31.069

Mean of exp (-1I) 0.647

*rrRstimates are significant at 1%, **Significant at 5%, *Significant at 10%
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indicates that smaller farms have lower technical inefficiency, similar to the findings of studies
conducted in Bangladesh (Thomas et al., 2001). The results suggest that farming experience and
education are the key determinants in reducing technical inefficiencies of pond shrimp culture in
Peninsular Malaysia.

The value of the gamma coefficient 1s 0.819 and 1s significant at 1% level (Table 2). This shows
that the output variations among the shrimp farms are dominated by technical inefficiency rather
than randem shocks. The predicted Technical Efficiencies (TE) of all the sampled farms range from
0.174 to 0.824 with the mean technical efficiency of 0.647 (Fig. 1). This indicates that if shrimp
farmers use their existing level of inputs in an efficient manner, output on average can be
increased by 85%. This result suggests that the potential for increasing shrimp production in
Peninsular Malaysia through improved technical efficiency 1s rather substantial. If all
sampled farmers are able to achieve the level of output of its most efficient counterpart, then a 28%
[1.e., 1-(64.7/80.4)x100] saving on inputs use could be realized and the most technically inefficient
farm could achieve saving on inputs used by 82% [i.e., 1-(17.4/89.4)x100]. The results indicate that
the technical inefficiency have significant impacts on the levels and variations of shrimp production
in Peninsular Malaysia. The distribution of the predicted efficiency levels of shrimp farms at the
study sites 1s presented in Fig. 1. It can be observed from the figure that more than 65% of the
shrimp farmers operate their farms within the efficiency of 60-90% range.

The results for the hypotheses tests discussed earlier are shown in Table 3. The first null
hypothesis test showed that the inefficiency effect of the production frontier is stochastic as the LR

50+
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304 267

20,0

20 1

154

10 1

5 -

o LJ T L} 1
20-39 46-59 60-79 30-89

Range of technical efficiency

3.9

Percentage of farmers (%)
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Fig. 1: Frequency distribution of technical efficiency for pond shrimp culture in Peninsular
Malaysia. Mean technical efficiency for first group is 0.26 (range 0.17 to 0.38),
0.53 (range 0.43-0.60) for second group, 0.689 (range 0.61-0.77) for third group and
0.85 (range 0.83-0.89) for the last group

Table 3: Generalized likelihood ratio tests of hypotheses of parameters for the stochastic production frontier and technical

inefficiency function

Null hypotheses Symbolic form Likelihood ratio Test statistic (4) Critical value (3% s) df Decision
Technical inefficiency does not exist Y=8 = =8,=0 -33.834 45.354 13.742 6 Reject H,
Technical inefficiency is deterministic y =0 -31.069 390.824 3.840 1 Reject H,
No technical inefficiency B =By =83=08,=0 -20.703 19.092 10.384 4 Reject H,
Inefficiency effects are not stochastic 8, =8, =8, =8 =8,= 0 -18.963 15.612 12.103 5 Reject H,

The correct critical values for the first hypotheses is obtained from Table 1 of Kodde and Palm (1986, pp: 1246);
df: degree of freedom
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test led to the rejection of this hypothesis. The second null hypothesis is rejected indicating that
inefficiency effects are stochastic. These two hypothesis test results imply that the traditional
Ordinary Least Square (OLS) technique is not suitable to be used to estimate these functions. The
third and fourth null hypotheses related to testing the coefficients in the technical inefficiency
model. Both hypotheses are rejected at the 5% significant level. This indicates that the variation
in output performance of the sampled shrimp farms in Peninsular Malaysia could be explained by
the technical inefficiency effects.

CONCLUSION AND RECOMMENDATION

The mean technical efficiency of sampled shrimp farms is estimated to be 65%. This suggests
that great potential exists for increasing shrimp production in Peninsular Malaysia through
improving technical efficiency of brackish water pond culture of shrimp. The results of the study
show that feed 1s the most important input in shrimp production. All sampled shrimp farms used
pelleted feed. Feed preduction using cheaper local materials can reduce its cost and can increase
productivity of shrimp farms in Peninsular Malaysia.

The results from technical inefficiency model indicate that experience and education of
shrimp farm owners/managers were important factors significantly influencing the technical
inefficiency of shrimp culture in Peninsular Malaysia. In order to increase the technical efficiency
of their farms, information dissermnation through extension and trainings should be provided to
shrimp farm owners/managers to enhance their skills and knowledge related to shrimp
aquaculture,

The relatively small pond area has more potential to improve the level of technical efficiency
in shrimp farming in Peninsular Malaysia. [inuma et al. (1999) stressed that pond area should be
increased for commercialisation of aquaculture. Shrimp ponds area has been expanded recently
which can promote commercial shrimp farming in pond system in Peninsular Malaysia. Extension
workers should provide technical and extension support especially to the large shrimp producers
to manage their farms effectively.
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