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Abstract Genetically improved farmed tilapia is increasingly getting popular in
Bangladesh. It has high production potential. Its dominant production technology ranges
from extensive to improved extensive particularly in the rural areas. This study estimates
levels and determinants of farm-level technical efficiency of tilapia farmers of Bangladesh
using stochastic frontier production function involving a model for technical inefficiency
effects. Data from fifty tilapia farmers of Jessore district are used in the analysis. The mean
technical efficiency level of the tilapia farmers is 78%, and thus, the farmers operate 22%
below the frontier production. Inefficiency effect is significant, and age, education, income,
culture length, pond age, pond depth, water colour and pond tenure, as a group, are
significant determinants of technical inefficiency. By operating at full technical efficiency
levels, tilapia yield can be improved from the current level of 7.36-8.96 tons per hectare.
The decision to add or not to add inputs is sometimes taken arbitrarily and not based on
technology requirement. There is a lack of understanding of the technology practices.
Fisheries extension efforts are required for proper understanding of the technology prac-
tices, further adoption and spread. For promotion of tilapia production, quality feed and
seed at affordable price needs to be ensured.
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Introduction

Fisheries sector in Bangladesh currently contributes 4.64% (MoF, Ministry of Finance
2010) to the overall gross domestic product (GDP), 23% to the agricultural GDP and
5.10% to the foreign exchange earnings through export (Sarder 2007). It supplies about
63% of animal protein intake, and 12.8 million people of the country are directly or
indirectly dependent on this sector for their livelihood. It is estimated that 73% of rural
households are involved in some type of freshwater aquaculture on floodplains throughout
the country (Mazid 1999). Income-generating opportunities for rural households are the
most promising in the fisheries sector (MoP, Ministry of Planning 2005; DoF 2006).
Aquaculture has the potential to provide new employment opportunities in the rural areas
by increasing both self-employment and demand for hired labour (Karim et al. 2006).

Bangladesh is uniquely rich and diverse in water resources. Due to favourable climatic
condition, the water bodies are highly productive, and aquaculture is an important com-
mercially viable activity (DoF 2003). Bangladesh inland waters rank third after China and
India in terms of fish biomass production (FAO 2000). The total fish production of the
country in 2007-2008 is estimated at 2,563,296 ton. Inland open waters cover an area of
4,047,316 ha contributing 41.36% to the total fish production (DoF 2009) of the country.
On the other hand, inland closed water constitutes only 528,390 ha but contributes 39.23%
to the total fish production. Marine water accounts for 19.41% to the total fish production
(DoF 2009). For the last two decades, growth of fish production from inland open waters
has been very slow due to a variety of natural and man-made reasons. World Bank (1991),
Lewis (1997), Planning Commission (1998) identified (1) overfishing caused by population
pressure, (2) indiscriminate killing of juveniles and destruction of spawning grounds, (3)
obstruction of migration routes, shrinkage of floodplain due to construction of irrigation
structures, (4) siltation, (5) flood prevention control and (6) use of agrichemicals as the
main reasons for declining inland openwater fish production. Aquaculture has been playing
very significant role in providing fish supply since the mid eighties. Production growth rate
is the highest in aquaculture. Several aquaculture technologies have been developed by the
Bangladesh Fisheries Research Institute (BFRI) and the Department of Fisheries (DoF) of
which culture of carp, prawn, exotic catfish, pangas and tilapia are important. Most fish
farming practices follow extensive to improved-extensive practices. By making use of full
potential of available water resources, technologies and higher inputs intensities, more fish
production can be achieved from aquaculture.

GIFT is increasingly becoming popular not only in Bangladesh but also in the world-
wide. It is the second most important cultured species in the world after carps. Price of the
tilapia has been on the increase in Bangladesh. The species has good export market.
Despite all these, tilapia production has flourished at a slower rate as compared to major
Indian carps (ruhu, catla and mrigal) and silver carp. Tilapia shares only about 7% (DoF
2009) of the production of all ponds while major Indian carps share about 55%. The
country has high potential for tilapia production as it can be grown in wide range of culture
systems, including small-scale, low-input, rural ponds, semi-intensive, intensive and
commercial operations (Chowdhury et al. 2007). Innumerable derelict ponds and house-
hold backyard ditches of the country can be utilised for tilapia production. More production
of tilapia would mean more nutrition, more income for the farmers and more foreign
exchange earning through export. Thus, fish farmers need to be familiar with the tilapia
production technology and improve production efficiency so that its contribution to the
economy is increased gradually.
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Efficiency-oriented study on tilapia farming has been very limited in Bangladesh,
although some studies on carps (Sharma and Leung 2000a; ICLARM 2001; Arjumanara
et al. 2004) and prawn-carp (Alam and Jahan 2008), pangas (Alam 2011) are available.
Dey et al. (2000a) made an investigation on the production and consumption status of
tilapia of selected Asian countries including Bangladesh. Dey et al. (2000c) analysed the
comparative performance of the GIFT strain on an average as well as on an efficient
farm and assessed its nature in five Asian countries namely, Bangladesh, China, Phil-
ippines, Thailand and Vietnam. But none of these two studies has estimated the level of
technical efficiency of the tilapia producers and examined the factors affecting ineffi-
ciency. It is with this backdrop, the present study is undertaken to investigate the
technical efficiency and the factors affecting inefficiency in tilapia farming of Bangla-
desh. It is expected that the study would generate meaningful insights that fisheries
extension personnel can use to disseminate knowledge gap to the tilapia farming
community.

Tilapia farming and its status in Bangladesh

Tilapia has a long history of farming in Bangladesh. The Mozambique tilapia (O. mo-
sambicus) was first introduced to Bangladesh from Thailand in 1954 (Ahmed et al. 1996).
However, this species was not widely accepted for aquaculture because of its early mat-
uration and prolifically breeding lead to overcrowd in ponds. The Chitralada strain of Nile
tilapia (O. niloticus), a far superior farmed tilapia (faster growing and more manageable
than the Mozambique tilapia), was then introduced to Bangladesh from Thailand by the
UNICEF in 1974 (ADB, Asian Development Bank 2005). Nevertheless, Nile tilapia
farming was slow to develop as most farmers were interested to grow carps (the most
popular species in Bangladesh). Gradually, the red tilapia (hybrid of O. mossambicus x
O. niloticus) was imported to Bangladesh from Thailand. The BFRI reintroduced Nile
tilapia and red tilapia from Thailand in 1987 and 1988 (Gupta et al. 1992). GIFT was
introduced to Bangladesh by International Centre for Living Aquatic Resource Manage-
ment (ICLARM, currently WorldFish Center) and BFRI in 1994 (Hussain et al. 2000).
Performance of GIFT was proved to be significantly superior to that of tilapia previously
introduced. Technology is also developed to produce all male tilapia or sex-reversed GIFT
locally known as mono-sex tilapia, because the male tilapia grow faster than females, and
the unwanted reproduction, overcrowding and harvest of undersized fish are avoided
(ADB, Asian Development Bank 2005).

The most small-scale tilapia farming use extensive to improved-extensive technology
and therefore have low per unit productivity ranging from 1.5 to 2.0 tons per ha per year.
On the contrary, many farmers in the urban periphery are practising commercial tilapia
farming in several districts of the country. Productivity of these ponds is considerably high
and the concerned are making a very good profit out of it. Rahman (2005) in his study in
Mymensingh district showed productivity of tilapia pond operators is 8.82 tons per ha, and
net return per Taka (Bangladesh currency) invested on tilapia farming is 1.25, which is
very high compared to carps and pangas farming.

The peak season for tilapia farming is April-December, a culture period of around
9 months. Farmers stock their ponds from as early as April to May and harvest tilapia after
4 months, usually two crops per year. The most common supplementary feed for small-scale
tilapia farming is a mixture of rice bran, wheat bran and mustard oil cake, those are readily
available on-farm or in local markets (Ahmed and Ahmed 2009). Nevertheless, intensive
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or semi-intensive tilapia farming is primarily dependent upon industrially manufactured
pelleted feed. In general, feed is given twice a day in the morning and evening. Framers also
use fertilisers mainly cow-dung, urea and triple super phosphate for grow-out of tilapia.

Methodology
The stochastic production frontier and technical inefficiency model

Frontier techniques have been widely used in determining the farm-level efficiency in
developing countries’ agriculture since the publication of a seminal article of Farrell (1957)
on efficiency measurement and subsequent development of several approaches to effi-
ciency and productivity measurement. The most basic method of technical efficiency (TE)
estimation is to map a production frontier (statistically or non-statistically, parametrically
or non-parametrically), find the locus of maximum output levels associated with given
input levels and estimate farm-specific TE as a deviation from the fitted frontier. Among
different major approaches followed to measure and estimate efficiency, the stochastic
frontier production function (SFPF) approach involving econometric estimation of para-
metric function (Aigner et al. 1976, 1977; Meeusen and van den Broeck 1977) and non-
parametric programming, known as data envelopment analysis (DEA) (Charnes et al.
1978), are the most popular. The stochastic frontier is considered more appropriate for
assessing TE in developing countries’ agriculture, where the data are often heavily
influenced by measurement errors and other stochastic factors such as weather conditions,
diseases, etc. (Fare et al. 1985; Kirkly et al. 1995, 1998; Jaforullah and Devlin 1996; Coelli
et al. 1998; Dey 2000; Dey et al. 2005). Several recent studies have applied stochastic
frontier technique for determining efficiency in aquaculture in the developing Asian
countries (Gunaratne and Leung 1996, 1997; Jayaraman 1998; Sharma and Leung 1998,
2000a, b; linuma et al. 1999; Sharma 1999; Sharma et al. 1999; Bimbao et al. 2000; Dey
et al. 2005; Irz and McKenzie 2003; Chiang et al. 2004; Singh et al. 2009) and African
countries (Ekunwe and Emokaro 2009; Kareem et al. 2008).

There are two approaches to analyse determinants of technical efficiency or ineffi-
ciency. A number of authors (Pitt and Lee 1981; Kalirajan 1981) have first estimated
stochastic frontiers to predict firm-level efficiencies and then regressed these predicted
efficiencies upon farm-specific variables (such as managerial experience, ownership
characteristics and production conditions) in an attempt to explain variations in output
between firms in an industry. This is usually referred to as a two-stage procedure. Several
economists have, however, criticised this procedure (Battese et al. 1989; Kumbhakar et al.
1991; Reifschneider and Stevenson 1991; Battese and Coelli 1995) arguing that the socio-
economic variables should be incorporated directly into the estimation of production
frontier model because such variables may have a direct influence on the production
efficiency. To overcome inconsistencies in the assumptions regarding the independence of
inefficiency effects in this two-stage estimation procedure, Kumbhakar et al. (1991) and
Reifschneider and Stevenson (1991) proposed a single-stage stochastic frontier model in
which the inefficiency effects (#;) are expressed as an explicit function of a vector of farm-
specific variables and a random error. Nevertheless, in spite of the criticisms, many studies
have used two-stage approach; Simar and Wilson (2007) have mentioned that about 800
published articles and working papers that have followed two-stage approach for mea-
suring efficiency.

@ Springer



Aquacult Int (2012) 20:619-634 623

The SFPF for cross-sectional data can be specified as follows:
Yi = f(Xi; B) exp(V; — Ui) (1)

where Y; denotes the production for the ith farm (i = 1, 2, 3, ..., n); X;is a (1 x k) vector
of functions of input quantities used by the ith farm; f is a (k x 1) vector of unknown
parameters to be estimated; the V;’s are random variables assumed to be independently and
identically distributed N(O, 02) and are independently distributed of the technical ineffi-
ciencies U;’s. the U;’s are non-negative random variables associated with technical inef-
ficiency in production and are assumed to be independently distributed as truncations of the
N(Z:6, ¢2) distribution.
Following Battese and Coelli (1995), U;’s can be expressed as:

U =26+ W, (2)

where Z; is a 1 x p vector of variables that may influence efficiency of a farm; é is an
p x 1 vector of parameters to be estimated; and W;’s are the random variables defined by
the truncation of the normal distribution with mean O and variance, ai, such that the point
of truncation is —Z;0, i.e. W; > —Z,4. These assumptions are consistent with U; being a
non-negative truncation of the N(Z;d, 02) distribution (Battese and Coelli 1995).

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

_ Y
(X5 B) exp(Vy)

The prediction of the technical efficiencies is based on conditional expectation of
expression in Eq. 3, given model assumptions.

TE; = exp(—U;) (3)

Study areas and data

Cross-section data are used in the present study. A pre-tested questionnaire is used to
collect information on tilapia farming. The data are generated from Jessore district of
Bangladesh. A trained graduate student under the supervision of the first author conducted
the survey. Fifty GIFT tilapia farmers are randomly selected from the list of farmers
prepared by the first author in collaboration with the fisheries officer of the Department of
Fisheries, Jessore district. Survey method is followed to collect information from the
tilapia farmers. The survey was conducted during June 2008.

Sample characteristics

Table 1 presents the summary statistics of the relevant variables for the tilapia farmers and
GIFT production. The table reveals that considerable variation exists among the farmers in
terms of production practices and the socioeconomic attainments of the farmers. Stocking
density (number of fingerling released per ha) and feed application are, respectively,
51,495 pieces and about 18 tons per ha, which appear to be quite high. The supplementary
feed used for GIFT production is mostly a mixture of rice bran, wheat bran and mustard oil
cake. However, use of industrially manufactured pelleted feed is also used in addition to
the home made mixture The mean annual income of the GIFT farmers is 2,377 US$,
ranging from a minimum of 526 USS$ to as high as US$ 8,759. Education is in general very
low. The mean yield of tilapia is 7.37 tons per hectare per annum (two cycles comprising
217 days) ranging from a minimum of 1.68 tons to as high as 19.09 tons. The average size
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Table 1 Summary statistics of the variables

Name of variables Mean Max Min SD

Pond size (decimal) 51.34 133.00 14.00 29.21
Fingerling size (inch) 1.71 5.00 0.50 0.78
Annual income (US$) 2,377 8,759.00 526.00 1.33
Age (years) 36.00 70.00 19.00 10.29
Education (years) 3.28 5.00 1.00 1.14
Culture period (days) 216.90 395.00 105.00 76.39
Pond age (years) 11.34 120.00 1.00 19.17
Depth of pond (feet) 4.85 12.00 2.50 2.15
Yield (kg/ha) 7,365.58 19,098.57 1,684.09 3,596.35
Labour (man-day/ha) 469.43 1,887.79 156.75 284.31
Fingerling (no./ha) 51,494.78 89,818.18 8,821.43 18,929.09
Feed (kg/ha) 18,147.15 74,100.00 898.18 11,370.11
Fertilizer (kg/ha) 516.85 2,470.00 84.62 506.01
Other cost (US$/ha) 42.75 275.59 0.00 52.41

US$1 equalled approx. Bangladesh Taka 68.50 in year 2008, 247 decimals equal 1 hectare

of fingerling is 1.71 inch. Average pond size is 51 decimal (0.21 ha) ranging from 14
(0.06 ha) to 130 decimals (0.53 ha). It is to be mentioned that 16% and 22% ponds are of
<20 and 21 < 40 decimal sizes, respectively. Although intensity of inputs use varies
across ponds, the overall technology practice is largely improved extensive (relying more
on naturally food produced in the water body and some degree of supplementary inputs) to
semi-intensive (relying mostly on supplementary feed and fertilizer).

The empirical model

Two of the most popular functional forms in the economics literature correspond to Cobb-
Douglas (C-D) and the transcendental logarithmic (TL) functions. The first one is easy to
interpret and estimate but imposes important restrictions on the technology such as scale
and output elasticities that do not vary with input or output levels and substitution elas-
ticities among inputs are all equal to unity. The translog on the other hand is a flexible form
in the sense that it can provide a local, second order approximation to any function, but it is
more difficult to estimate due to the large number of parameters and the attendant problem
of multicollinearity among the regressors (Irz and Mckenzie 2003). We first specified a
translog (TL) stochastic frontier model in this study that is then tested for Cobb-Douglas
(CD) form to decide about the functional specification that best suits the data on the tilapia
farming.
The TL SFPF model is specified as follows:

;
1
1nY,-=[f0+Zﬁj1nx,-,-+§
= ‘

4
Jj=1

7
Z ﬁjk lIl )(ji 11’1 Xk,' -+ V[ — Ui (4)
k=1
where subscript i refers to the ith tilapia farmer in the sample; Xj; represents the amount of

input j used by the tilapia farmer, Y is output variable; In represents natural logarithm; f’s
are unknown parameters to be estimated; V;’s and U;’s are random variables as defined
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earlier. Maximum-likelihood estimation of Eq. (4) provides the estimation for f’s and

variance parameters, 0> = g2 + o> and y = Zj There is symmetry in input cross-effects
by assuming f3;; = f;;. Following Battese and Coelli (1995), it is further assumed that the
technical inefficiency distribution parameter, U;, is a function of various operational and
farm-specific variables hypothesised to influence technical inefficiencies as:

8
Ui=00+» 6Zj+W: (j=AEILGDW,T) (5)
=1

J=

where, Z°s (Za, Zg, Z1, Z1, Zg, Zp, Zw, Z7) represents, respectively, age, education, annual
gross income, length of tilapia farming, age of tilapia pond, depth of tilapia pond, water
colour and pond tenure status of the farmer. The later two are dummy variables. §’s are
unknown parameters to be estimated. W; is a random variable as defined earlier. Different
variables of the SFPF and the inefficiency function along with their definitions are pre-
sented in Table 2.

It should be noted that the technical inefficiency model in Eq. 5 can only be estimated if
the technical inefficiency effects, U,’s, are stochastic and have particular distributional
properties (Coelli and Battese 1996). Therefore, it is of interest to test the null hypothesis
that the technical inefficiency effects are absent, y = dg = 4 = --- = d7 = 0, that tech-
nical inefficiency effects are non-stochastic, y = 0, and that farm-specific factors do not

Table 2 Measurement of output and input variables in the SFPF and technical inefficiency model for
Tilapia culture in Bangladesh

Variable Description Unit

Y Total production of Tilapia of the sample farms during the year Kg
Variables in the production frontier

Xs Quantity of fingerling stocked in ponds per ha per year Number
XN Average fingerling size Inch

X1 Quantity of labour employed per ha per year Manday?
Xk Quantity of feeds (rice bran, wheat bran, oil cake and pellet) applied per ha per year Kg

Xc Quantity of fertiliser (NPK) and lime per ha per year Kg

Xo Amount of cost incurred for other inputs per ha per year UssP

Xp Size of Tilapia pond Decimal®
Variables in the inefficiency function

Za Age of the Tilapia farmer Year

Zg Education of the Tilapia farmers Year

7 Total annual income of the farmers US$®

/3 Length of tilapia farming (day) Days

Zg Age of the tilapia pond Years
Zp Depth of tilapia pond Feet

Zw Water colour of tilapia pond (1 = green, 0 = otherwise) 1,0

Zr Status of the pond owner (1 = owner, 0 = otherwise) 1,0

? 1 man-day equals 8 h of work
 US$1 equalled approx. Taka 68.50 in year 2008
¢ 247 decimals equal 1 hectare
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influence the inefficiencies, d4 = --- = d7 = 0; y = 0; the stochastic frontier model
reduces to traditional average function in which the explanatory variables in the technical
inefficiency model are included in the production function. Hy: 7 = 0 implies the existence
of a stochastic frontier. Similarly, y = 1 implies that all the deviations from the frontier are
due entirely to the technical inefficiency (Coelli et al. 1998).

These hypotheses as well as other related hypotheses are tested using the generalised
likelihood-ratio statistic, A, given by:

4= =2[In{L(Ho)} — In{L(H;)}] (6)

where L(Hg) and L(H;) denote the values of likelihood function under the null (Hp) and
alternative (H;) hypotheses, respectively. If the null hypothesis is true, A has approximately
+>-distribution or mixed y>-distribution when the null hypothesis involves y = 0 (Coelli
1995a, b).

Given the model specification, the technical efficiency index for the ith farm in the
sample (TE;), defined as the ratio of observed output to the corresponding frontier output,
is given by:

TE; = exp(—U;) (7)

The prediction of technical efficiencies is based on the conditional expectation of
expression in Eq. 7, given the values of V; — U; evaluated at the maximum-likelihood
estimates of the parameter of the SFPF (Battese and Coelli 1988). The frontier production
for the ith farm can be computed as the actual production divided by the technical effi-
ciency estimate. The parameters for the SFPF in Eq. 4 and those of the technical ineffi-
ciency model in Eq. 5 are estimated simultaneously using the maximum-likelihood (ML)
estimation method, using the computer programme, FRONTIER 4.1 (Coelli 1994).

Results and discussion
Parameter estimates of the SFPF

The functional specification is tested first. Log-likelihood ratio test is applied to test the
null hypothesis that the translog SFPF can be reduced to a C-D SFPF. The test statistic Hy:
Pix = 0, Hy: B # 0 has a likelihood-ratio value of 108.95, which implies a rejection of
the null hypothesis at the 5% significance level. In other words, the TL is more suitable to
the farm survey data that adequately captures the production behaviour of GIFT farmers of
Bangladesh.

Maximum-likelihood (ML) estimates of the parameters in the TL SFPF model and
those in the inefficiency model are presented in Table 3. Most of the first degree terms of
the SFPF show positive algebraic signs. Fingerling size, labour, feed and fertilizers have
not only positive signs but are also statistically significant at 5% level. Stocking density
shows negative sign and is statistically significant, which is usually unexpected. It might
behave otherwise if the number of fingerling stocked exceeds the biomass holding
capacity of the ponds due to congestion. As we see, number of fingerling stocked per
hectare is 51,495, which is fairly high. Rahman (2005) found the average tilapia stocking
density to be 21,404 pieces per hectare. On the other hand, Chowdhury et al. (2007)
found average annual stocking density of tilapia to be 24,700 per ha. Dey (2001) obtained
higher production of tilapia at a stocking density of 20,000 per ha during 6 months
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g;il::;tis ﬁa:}:;n;gl;gk:i;h?r?gﬁ Variables Parameter  Coefficient t ratios

ficiency function for tilapia . .

farmers of Bangladesh Production frontier
Constant Po —0.1213 —0.1197
InXg Bs —1.8025%* —26112
InXx B 2.7275%%% 3.2021
InX;, AL 2.5805%* 27120
InXp B 1.7811%% 2.1413
InXc B 272445 4.0928
InXo Bo —0.1472 —0.8198
InXp B —3.1590%# —3.3447
(InXs)* Bss 0.0250 0.1197
(InXp)* Brn 0.4007%* 1.9375
(InXy)? Bu 0.5675 17315
(InXg)* Ber —0.0332 —0.1758
(InXc)? Bee 0.0383 0.7341
(InXp)? Boo 0.0008 0.1561
(InXp)* Bep —1.2620%%% —4.1906
InXsn Bsn —0.1480 —0.6762
InXgp PsL —0.5084 —1.0272
InXsp Bsk —0.0110%% —3.0465
InXsc Bsc —0.1983 —1.4147
InXso Bso 0.0913* 1.9313
InXsp Bsp 1.2232%* 2.8688
InXni, Bni 0.7955%* 2.4201
InXnr PnE —0.6849% —3.3121
InXne Bxe —0.1985%* —2.2415
InXno Bro —0.0003 —0.0086
InXnp Bxp 0.2101 0.7573
InXyr BLE —0.2009 —0.5428
InX; c Brc —0.0421 —0.2853
InX; o Bro 0.0670 0.4710
InX;p Brp —0.5015 —1.3942
InXpc Brc —0.2474%* —2.1682
InXro Bro —0.0029 —0.1035
InXpp Bep 0.3681 1.2702
InXco Bco 0.0772%%* —2.8156
InXcp Bep 0.3433%* 1.9231
InXop Por —0.1631 —1.1285

Inefficiency function

Constant o 1.135889 5.5367
Age N —0.0179540%*%  —5.1400
Education og 0.0058765 0.1793
Income oy 0.0000110%* 47558
Culture length S —0.0011850%* —2.1466
Age of Tilapia pond oG —0.0015380 —1.2213
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Table 3 continued

Variables Parameter  Coefficient t ratios
Depth of pond water  Jp —0.0112050 —0.9821
Water colour dc —0.1395320* —1.9400
Pond tenure or —0.0318870 —0.5941
* Statistically significant at 10% Variance parameters
level or less Sigma-squared o> 0.0078060%*** 3.6218
** Statistically significant at 5% Gamma y 0.999999%%** 47,924
level or less Log-likelihood 64.767465
##% Statistically significant at 1% Mean TE index 78.4139%

level or less

culture period. On the basis of the profit, the optimum stocking density for GIFT is
30,000 per ha (Hussain et al. 2004). All these figures support that fingerlings in the GIFT
ponds are overstocked. Some farmers have their own sources of fingerlings from where
they might have stocked tilapia ponds. Therefore, the possibility of dumping more fin-
gerlings cannot be ruled out. Under that circumstance, stocking density might show a
different and unexpected sign.

Pond size may have some influence on production of output. We encountered a negative
sign for the pond size, which is significant. Whether small ponds are more productive or
not is still in dilemma. No definite answer is established as yet. Rahman (2005) found the
medium sized pond having the highest yield. The small ponds get intensively input-fed
since addition of a small quantity of inputs adds very little to the overall cost that is not
usually felt burdened. However, this small addition of inputs might get proportionately
higher than the pond size requires. It is likely that this might have happened beyond the
knowledge of the farmers. On the contrary, larger pond owners/operators also seldom add
inputs proportionately with the pond size because costs associated with the inputs appli-
cation for bigger ponds are high. Therefore, they are likely to add proportionately less than
the pond size requires. This feeling often results in proportionately higher input feeding for
smaller ponds and lower for larger ponds. This is the general scenario in particularly the
improved-extensive pond fish culture system under the existing economic setting of the
farmers. Appearance of a negative sign for the coefficient of pond size is therefore not
surprising.

Parameter estimates of the inefficiency function

Since the dependent variable of the inefficiency model, Eq. 5, is defined in terms of
technical inefficiency, a farm-specific variable associated with the negative (positive)
coefficient will have a positive (negative) impact on technical efficiency. Age of operator,
culture length and green water colour of the pond water appear as significant factors and
have positive impact on technical efficiency (negative impact on technical inefficiency).
Pond tenure, water depth, pond age and education do not seem to have any effect on
technical efficiency individually as they are all statistically insignificant. Income has a
negative and significant effect on technical efficiency (positive effect of technical ineffi-
ciency) of the operators suggesting that inefficiency is higher for those pond owners/
operators who have higher income. This might be so because of their preference to invest
in non-aquaculture or to non-tilapia species.
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The y-parameter associated with the variance in the stochastic production frontier model
is estimated to be close to one and highly significant. Although the y-parameter cannot be
interpreted as the proportion of the total variance explained by the technical inefficiency
effects, the result indicates that technical inefficiency effects do make a significant con-
tribution to the level and variation of tilapia production in Bangladesh.

Hypotheses tests for y and d-parameters

Generalised likelihood-ratio tests of various null hypotheses involving restrictions on
variance parameter, 7 in the stochastic production frontier and J-coefficients in the
technical inefficiency model are presented in Table 4. The first null hypothesis
Hy: y = 09 = 04 = --- = dgr = 0 is regarding the existence of inefficiency factor. If
Hy: v = 89 = 04 = --- = 67 = 0 is accepted, then there is no inefficiency in the tilapia
production. However, a significant log-likelihood ratio test value of 40.84 with 10 degrees
of freedom rejects the Hy and implies the existence of inefficiency across the tilapia
farmers establishing that average response function estimated by OLS that assumes all
growers are technically efficient is not an adequate representation of data, given the
specification of TL stochastic frontier and inefficiency model (Table 4). This leads to
conclude that indeed there is an inefficiency effect associated with the tilapia production.

The second null hypothesis Hy: 64 = --- = d7 = 0 implies that technical inefficiency
effects follow a standard truncated normal distribution (Stevenson 1980) as the null
hypothesis is rejected at 5% level of statistical significance. The rejection of null hypothesis
indicates that the farm-specific variables involved in the technical inefficiency model
contribute significantly as a group to the explanation of the technical inefficiency effects in
tilapia production although, based on asymptotic ¢ ratios, some slope coefficients are not
significant individually. Dey et al. (2000b) and Sharma and Leung (1998) also observed
similar findings in their studies. The third null hypothesis, Hy: g = 04 = -+ o7 = 0,
suggests on the other hand that technical inefficiency follow a half-normal distribution
originally proposed by Aigner et al. (1977). Both these hypotheses are rejected at 5%
significance level suggesting that, given the stochastic frontier with the model for technical
inefficiency effects, the standard stochastic error component model is not appropriate for
both half-normal and truncated normal distribution. The fourth null hypothesis calls for
testing if stochastic technical inefficiency exists. This test is also rejected at 5% level of
significance establishing that stochastic inefficiency does exist (Table 4). Hypothesis five to
twelve are for testing the individual effect on the inefficiency function. And all of these
individual tests are rejected at 5% statistical significance level (Table 4).

Technical efficiency distribution

The mean technical efficiency of the tilapia farmers in Bangladesh is 78% ranging from
45.76 t0 99.98%. Surprisingly, not a single farm appears as fully technically efficient. This
level of mean TE score implies that GIFT farmers are operating 22% below the frontier
production given the level of technology. About 32% farmers have technical efficiency
scores ranging between 70 and 80% while 28% operate between 90 and 99% level. About
10% tarmers operate at less than 60% level of technical efficiency level (Fig. 1). This mean
TE level of GIFT farmers appears to be higher than some other species in Bangladesh.
Sharma and Leung (2000a) found the TE of carp polyculture to be 47.5% for extensive
culture and 73.8% for semi-intensive culture. ICLARM (2001) estimated the TE of carp
polyculture at 70% while that of Arjumanara et al. (2004) found TEs of 61, 69 and 86% for
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Fig. 1 Distribution of technical efficiency scores of tilapia farmers

different groups of carp farmers. However, TE of tilapia farming in other countries
appeared to be higher than that found in Bangladesh. Studies on Philippines conducted by
Dey et al. (2000b) and Bugarin and Bayacag (2007) estimated the TE of tilapia to be 83%,
while the same conducted in Taiwan found the TE to be 81% (Chiang and Huang 2008).

Conclusions and policy implications

Tilapia farming has not yet widely spread in Bangladesh. The general practice is largely
dominated by extensive to improved-extensive method particularly in the rural ponds.
However, improved extensive to semi-intensive practices are common in culture method in
urban areas and commercial farms. The culture practice of the sampled farm is largely
improved extensive to semi-intensive. The mean culture period of GIFT is 216 days in two
cycles. Average yield of tilapia is 7.3 tons per ha. Fingerling size, labour, feed and fer-
tilizers are significant factors contributing positively to the production of tilapia. Age of
operator, education, income, culture length, green water colour, culture length, pond age,
pond depth and pond tenure, as a group, are significant determinants of technical ineffi-
ciency. Although the mean TE of the tilapia farmers is 78%, it implies that per hectare
yield can be increased by 22% with the existing technology. Thus, given the levels of
existing technologies and resource use, the sample farms could increase their average yield
from the existing 7.36 to 8.98 ton/ha by using their existing resources more efficiently.

The study reveals that level of understanding of GIFT technology is different across
farmers particularly in terms of inputs application. The decision to add or not to add inputs
must not be arbitrary. It has to be judicious. Monetary and psychological factor must not
constrain the decision to allocate inputs. Rather, the philosophy should be to add input if it
is needed. This fact needs to be disseminated to the fish farmers. The farmers need to know
more about the GIFT production technology. Department of fisheries can play a very vital
role in improving technical efficiency of the GIFT farmers through better extension on
stocking, feeding and fertilising ponds. Demonstrations showing effect of variable stock-
ing, feeding, and fertilising may make many wrong beliefs/practices clear, which may help
improve fish production. To enable the farmers to make intensive use of inputs, quality fish
feed and seed need to be provided at affordable prices.
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