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Abstract: Rainbow trout culture is an important contributor to the aquaculture industry in Iran. This
study number of the factors including the socio-economic factor was considered for analysing the
factors affecting TFP growth in trout aquaculture. The Malmquist index is then employed to measure
the TFP growth. The panel tobit model was used in order to identify the important factors affecting
the TFP growth. A pooled-tobit estimator, which is adopted in the study, is used to examine the
determinants of TFP growth. The study was conducted to utilize panel data of 207 trout farms in the
country over a five-year period from 2003 to 2007. The results of this study revealed that TFP growth
of rainbow trout farming has an increasing trend over the period at an average annual rate of 3.7%.
Based on the marginal effects analysis derived from the pooled-tobit regression, the factors affecting
TFP growth positively were ranked, and these includes suitable water temperature (13-18°C), extension
workshop, and fry supply inside farm. On the other hand, the negatively ranked are number of
illiterate labours, number of labours with lower than diploma and the number of fry used per area
unit.
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INTRODUCTION

Today, aquaculture activities play a vital role in diminishing demand pressures caused by increasing fish
consumption and over-exploitation of fishery stocks. In fact, the contribution of aquaculture to global supplies
of fish continues to grow, for instance from 3.9% in 1970 to 27.1% in 2000 and 36.0% of the total production
by weight in 2006 (FAO, 2009). It is important to note that aquaculture has continued to grow more rapidly
than all other animal food-producing sectors, while the world’s production of captured fisheries had stopped
growing over the past two decades. Figure 1.1 shows the trend in the breakdown of the world’s fisheries
production by wild caught and aquaculture.

As shown in Figure 1, there was an approximately constant wild-caught fish compared to the strongly
increasing trend of aquaculture quantities, excluding aquatic plants from 1990 to 2006. Iran has a great
capability for fishery activities. About 2,700 km of coastal area in the southern and northern Iran and hundreds
of lakes, rivers and springs provide huge potential for aquaculture activities. Despite the vast and valuable fish
resources in Iran, the share of fishery industries has not been desirable (0.23% of GDP and 2.7% of agriculture
sector). In 2006, fish production in Iran was about 551 thousand MT, of which 130 thousand MT came from
aquaculture and 421 thousand MT was captured from the Persian Gulf, Oman Sea, and Caspian Sea. Hence,
the contributions of fishing and aquaculture in Iran were 76% and 24% respectively, compared to the world’s
productions of 53% and 47% (see Figure 2).

However, to ensure the national food security and to compensate the regulatory limitations in fish caught,
the Iranian Fisheries Organization (IFO), in affiliation with the Ministry of Agriculture, has embarked on policy
to boost the aquaculture production of valuable species. In Iran the sole species for cold water aquaculture is
rainbow trout (Oncorhynchus mykiss) (IFO, 2007). Rainbow trout is one of the most important salmonid fishes
cultured in fresh and brackish water in Europe, North America, and many other parts of the world. Global
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production of rainbow trout in 2007 was 608,787 MT, whereas Iran contributed about 9.5% of total production.
In this case, Iran is known as one of the top rainbow trout producers in the world and ranked first in Asia
and third in the world after Chile and Norway (FAO-FishStat, 2009). In view of the legal limitation in the
fishery development in Iran and from the aspects of socio-economy, namely nutritional security (e.g. cheap
animal protein source), job creation opportunity, rural poverty alleviation and potentiality of earning foreign
exchange, the aquaculture industry (especially cold water trout farming) is favoured by the government and
its investment could be substantial.
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Fig. 1: The trend of world's fish production by catch and aquaculture (Note: Wild caught excludes
non-human food production; Aquaculture excludes aquatic plants) (Source: FAO Fish Statistics, 2009)
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Fig. 2: Production and contribution of capture and aquaculture Iran vs. world in 2006 (MT); Note: Capture
and aquaculture exclude non-human food and aquatic plants, respectively. (Source: FAO Fish
Statistics, 2009)

From the perspective of socio-economic aspects, the aquaculture industry especially cold water trout
farming is in the best position to provide nutritional security (cheap animal protein source), job creation
opportunity, rural poverty alleviation, potential foreign exchange as well as legal limitation in fishery
development in Iran. However, increase in population, lack of protein products, increase in the meat prices
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during the recent years, and low average per capita fish consumption in Iran (5.7 kg) compared to the world
(16.7 kg), are some of the reasons for possible increase in the demand for fish. Improved productivity and
efficiency growth can be a directing force in the development of aquaculture production as well as to be
necessary to feed the human population.

Many earlier studies on productivity and efficiency in agriculture focused on crop and livestock farms by
using parametric and non-parametric approaches with cross-sectional and panel data (Cinemre et al., 2006;
Alemdar and Oren, 2006; Hassanpour et al., 2008). However, a few studies have addressed the issue of
productivity and technical efficiency in aquaculture production (Martinez-Cordero et al., 1999; linuma et al.,
1999; Sharma et al., 1999; Sharma and Leung, 2000; Dey et al., 2000; Chiang et al., 2004; Martinez et al.,
2004; Cinemre et al., 2006; Kaliba et al., 2007; Singh, 2008; and Singh et al., 2009) and also regarding the
fishery industry (Squires and Reid, 2004; Tingley et al., 2005; Walden, 2006). Further, there have been quite
a few economic studies on productivity in Iranian aquaculture (Khayyati and Mashoufi, 2007), but there are
no such studies on TFP growth and socio-economic/bio-technical factors affecting it in rainbow trout farming
with panel data in Iran and the world. Therefore, the purpose of this study is to measure the total factor
productivity (TFP) growth of the trout aquaculture and to decompose the TFP growth into its components,
namely; technical efficiency change (EFFCH) and technological change (TECHCH), at the first stage and then
at the second stage, the study attempts to determine the major socioeconomics and bio-technical factors that
significantly influence the TFP growth in the trout aquaculture industry.

MATERIAL AND METHODS

2.1. Productivity change measures under DEA:

For the productivity analysis, Fare et al. (1994) showed that the DEA method can be used to obtain
estimates of the Malmquist total factor productivity (TFP) index numbers. In recent years the Malmquist index
has become the standard approach to productivity measurement within the non-parametric literature (Oliveira,
et al., 2009). This index is defined using distance functions. Distance functions allow one to describe a multi-
input, multi-output production technology without the need to specify a behavioral objective such as cost
minimization or profit maximization (Coelli et al., 1998). The Malmquist TFP index measures the TFP change
between two data points (e.g., those of a particular firm in two adjacent time periods) by calculating the ratio
of the distances of each data point relative to a common technology. Fare et al. (1994) and Grosskopf (2003)
showed that to calculate the index it is necessary to calculate the four component output distance functions,
which will involve four linear programming programs for each producer in each pair of adjacent time periods.
The technology and the associated distance functions are independent of the units of measurement. Following
Fare et al. (1994) and Coelli et al. (1998), the final formula of the Malmquist TFP change index between the
period ¢ (the base period) and the period 7+ is as follows:
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where the notation d (x.,,y.,) represents the distance from the period 7+ observation to the period ¢
technology. A value of m, greater than one will indicate a positive TFP growth from period ¢ to period #+/
while a value less than one indicates a TFP decline. Note that the above equation is, in fact, the geometric
mean of two TFP indices where the ratio outside the brackets measures the change in the output-oriented
measure of Farrell technical efficiency between period # and 7+7. In other words, the technical efficiency
change (or catch-up) is equivalent to the ratio of the technical efficiency in period 7+/ to the technical
efficiency in period ¢ (see appendix, Figure 1).

The DEA-Malmquist index is not only measured TFP growth but also decomposed the TFP change into
technical efficiency changes (catch up with the best-practiced farms which form the frontier) and technological
change (shifting of the frontier) denoted as EFFCH and TECHCH respectively. Along with this, EFFCH is also
decomposed into the pure efficiency change (PECH) which is under the VRS assumption and scale efficiency
change (SECH) which is relative to CRS technology. Scale efficiency change is the ratio between efficiency
and pure efficiency change or simply EFFCH/PECH. In this study, one output and five inputs were used in
a DEA model. The software package DEAP version 2.1 (Coelli, 1996), was used to measure TFP growth and
its components for each trout farms.
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2.2. Tobit regression model:

The tobit regression model was used when the dependent variable is ranged between zero and one or can
be scaled to be between 0 and 100%. In other words, in this model, observations on the dependent variable
are missing (or censored) if it is below (or above) a certain threshold level. Hence, some observation can be
known as a censored data; that is why the model is also known as a censored regression model. When there
was a panel data with information on the annual or yearly observations of decision-making units (DMUs), the
model could be expanded to take into account the changes in the DMUs over time which in this case it was
called panel tobit regression. A panel tobit regression model can be written as follows:

vi=p%,+u, , i=,2,.,N , t=12,..T (1)
U, =H;TVy

where y; is an indicator variable denoting the productivity growth rate corresponding to the i-th DMU (fish
producer) in trout farm at time t, f'x, is a vector of estimated parameters and the explanatory variables, u,

is a composed error. This error is assumed to have two components; p; and v,, which are assumed to be

independent and distributed as g, ~ HD(0,0'fl )and v, ~ IIN(0, (TVZ ) respectively (Wooldridge, 2002). The
component y; is an idiosyncratic fixed effect (which takes into account the differences in unobservable time
invariant characteristics of the farms), and the random component v, is a random variable corresponding to
the disturbances across i-th DMU over year t. The dependent variable ( y; ) is the latent variable, which refers
to the rate of productivity growth for i DMU. It will take a value of between just a little more than 0 and
100 percentage if the productivity of trout farms grows positively in year t, whereas y; will be exactly 0

if the productivity of trout farms is zero or it is negatively grown. The tobit model parameters can provide
more information on economic and policy implications through the estimation and decomposition of the
marginal effects (MEs). In point of fact, the overall MEs of the tobit model could be decomposed into two
distinct components: the marginal effect for the expected value of the dependent variable conditional on being
uncensored, which is the effect on the probability of being above the limit, and the marginal effect for the
unconditional expected value of the dependent variable, which is the effect of conditional upon being above
the limit (McDonald and Moffitt, 1980). Hence, the conditional and unconditional expected values of the
dependent variable (y;) in the panel tobit model can be written, respectively as follows:
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The estimations above can be undertaken by pooling all the years together and running a straightforward
tobit as the pooled tobit estimation and by using a random effect estimation specification of the panel data tobit
(Wooldridge, 2002). A poolability test could compare the results of the two regression mentioned and allow
the researcher to prefer one of them for the analysis. Thus, this study could test whether the ordinary (pooled)
tobit model or the random-effect (panel) tobit model was preferable using the Likelihood-Ratio (LR) tests. At
this point, the poolability tests examined the equality of tobit regression variances and their estimated
parameters in the sample estimation over time using other statistics, often called the “rho test”, which uses the
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LR test of the variances and Chi-Square (X?). The rho test [ 7ho = p=0c. /(o] +O'fl) ] using LR test

allowed the researcher to reject the hypothesis that rho = 0, this means that the random-effect (panel) tobit is
preferable to the pooled tobit. In addition, the researcher should test whether the rho is significantly different
from zero by specifying the tobit model. When the rho equals zero (p = 0), the pooled tobit is preferable to
the random-effect tobit because it is more efficient (i.e. fewer parameters need to be estimated). In order to
conduct the poolability test and to estimate the models mentioned STATA software package, release 10
(StataCorp, 2007) was utilised.

2.3. Data and variables:

Primary and secondary data were collected from the Iranian Fisheries Organization (IFO) related to
rainbow trout farms (fish ponds). We used panel data on 207 fish ponds by cluster random sampling in the
country over a five-year period from 2003 to 2007 (1,032 ponds total). The clusters are the same producer
provinces that the data were gathered from each of the culture ponds in the chosen provinces, namely Fars
(40 farms), Kogiluyeh (21 farms), Charmohal (37 farms), Tehran (48 farms) and Mazandaran (61 farms)
provinces. These provinces are distributed in the south, center and north of Iran and are reported to account
for about 60% of the total quantity. Since rainbow trout farms are distributed primarily in these provinces,
mainly in the mountainous area with cool summers and freezing winters, homogeneity of climate conditions
among studied areas was assumed. In the sample all trout farmers reared rainbow trout in simple concrete
raceways in a rearing season of one year. Thus, homogenous trout aquaculture technology was assumed for
all regions studied. In this study, the only output is the rainbow trout production (tons per year). Inputs
included pond area (meter squares), fry (1,000 pieces per year), water flow (I/sec), feed (tons per year) and
labor (person-year). These factors were under the control of the trout farmers as decision making units.
Rainbow trout need a regular flow of abundant cold and clean water in the ponds, with sufficient oxygen
content. The farmers can regulate the rate of water flow into their concrete raceway ponds or the trout farms
during the rearing season. Because of the different climate conditions during different seasons of the year and
water temperature changes, as usual, the rainbow trout fry are not stocked into rearing ponds by the trout
farmers. In Iran, the eyed eggs and fry are mainly produced by the governmental main hatchery and
aquaculture research institutes, and then the required fry are delivered to the trout culture sites by a private
transport sector. Some farmers have small hatchery units inside their trout farms in order to produce eyed eggs
and fish fry.

All the explanatory variables, namely the socio-economic/bio-technical variables and farm characteristics,
used in this study are referred to as “environmental factors”, which may have influenced the TFP growth index
in the trout aquaculture industry. The term “environmental variables” is usually used to describe factors which
could influence the productivity and efficiency of a decision making unit (Coelli ez al., 1998). In this study,
a number of environmental factors (including socio-economic variables) were considered in the analysis of the
factors which are affecting the TFP growth in the trout aquaculture. Based on the raw data obtained from the
respondents through trout farms, there were a total of 18 environmental factors. These variables were expected
as responsible for the rising/declining productivity change in the trout aquaculture in Iran. These variables were
generally categorized into five major groups or characteristics; water, personnel, fry, farm and access to
government facilities. The description and classification of the variables are as follows:

Variables associated with water use characteristics that consist of six variables. These variables include
water used temperature average in each production period in terms of degree in Centigrade (°C) (WTTEM),
water temperature more than the sample average, which is a dummy variable (WTEMMA), with suitable water
temperature average (i.e. between 13-18°C) according to the suggestion of aqua specialists literatured, and a
dummy variable (SWTTM), flow rate or water discharge imported to each pond (FLOWRT), a dummy variable
for the river as water used source (WRSORI), and another dummy variable for the spring as water used source
(WRSOSP). Three variables are associated with the operators’ personal characteristics. These variables include
education level of the operators (EDULOP), number of illiterate labours (NOILLB), and the number of lower
diploma labours (NOLWDL). Three variables are associated with the characteristics of fry (fish larva). These
variables consist a number of fry per unit area (NOFYPU), fry weight average in terms of gram (FYWEIA),
and a dummy variable for fry supply source or hatchery unit place (on-farm or off-farm) (FYSOFM). Three
variables are associated with the characteristics of farm (pond). These variables consist of pond area which
more than sample average as a dummy variable (POAMAYV), fish production per area unit in terms of kg/m?
(FISHPR), and feed quantity in terms of kg/m* (FEEDQN). Three variables associated with access to some
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government facilities, namely insurance coverage (INSCOV), operators’ attendance in workshop more than
two times (ATWKM?2), and governmental tenure (TENGOV), as mentioned above are dummy variables.

RESULTS AND DISCUSSION

3.1. Productivity Changes of Rainbow Trout Aquaculture:

Table 1 shows the results of the Malmquist DEA analysis, the total factor productivity change (TFPCH),
technical efficiency change (EFFCH), and technological change (TECHCH). A value of greater than one
implies a positive TFP growth of DMU for a sample of trout farms, and this is denoted by a percentage
greater than zero. Meanwhile, a value below one indicates a negative TFP growth which is computed by a
percentage below zero. As shown in Table 1 and Figure 3, the TFPCH and EFFCH of trout farming increased
at an average annual rate of 3.7% and 9.3% respectively over the stated period. Moreover, the Malmquist
productivity analysis indicated a yearly progress or regress up to 6.9%. However, the efficiency and
technological components differed, in some cases, by as much as 29%. The dynamic analyses of productivity
components showed that they fluctuated during the period, with a sharp increment and decline in the EFFCH
before and after 2004. Meanwhile, there were sharp decline and increment in TECHCH in the same year (see
Figure 3).

Table 1: Annual mean TFP change and its decomposition in trout farming

Year EFFCH PECH SECH TECHCH TFPCH
2003 1 1 1 1 1

2004 1.289 1.236 1.043 0.830 1.069
2005 1.026 0.999 1.027 0.983 1.009
2006 1.088 1.079 1.008 0.976 1.062
2007 0.993 0.966 1.028 1.016 1.009
Mean 1.093 1.065 1.026 0.948 1.037

In addition, the EFFCH was decomposed into pure efficiency change (PECH) and scale efficiency change
(SECH) which represent managerial efficiency change and efficiency change related to the trout farm scale,
respectively. The trend of the EFFCH as well as EFFCH’s decomposed components indicated that the variation
of the PECH or managerial efficiency of trout farms considerably affected the magnitude of the EFFCH more
than the effect from SECH magnitude as can be seen in Figure 4. This indicated that most rainbow trout
farmers could become more technically efficient by adjusting the inputs used, rather than by adjusting the scale
of operation. The mean of all the components of productivity growth as shown Table 1, except technological
progress (or innovation or frontier shift), were positive rates in the trout aquaculture industry. Thus, the
technological change (TECHCH) was absent in trout aquaculture industry and the technical efficiency change
(EFFCH) as well as its decomposition (i.e. PECH and SECH) were found to be the sources for TFP change.
In other words, the TFP growth of trout farming in the aquaculture sector was contributed only by EFFCH
rather than TECHCH or innovation improvement. This may be due to a lack of investment in the agriculture
sector, as well as the capital intensive farming practices and the lack of new technology knowledge required
for aquaculture. This finding is supported by Saleh et al. (2008).
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Fig. 3: Trends of TFP growth and its decomposition in rainbow trout farming, 2003-2007.
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Fig. 4: Trends of technical efficiency change and its decomposition in rainbow trout farming, 2003-2007.

3.2. Panel Tobit Regressions Analyses:

The panel tobit model was used to assess the effect of selected environmental variables (as the explanatory
variables) on the TFP growth index of trout farms (as the dependent or latent variable). In the beginning, the
rho (p) test and the Chi-Square (X*) were tested in order to test poolability of the panel data. The results
gathered from the poolability test showed that the hypothesis p = 0 has failed to reject the regression function
related to the TFP Malmquist index. Hence, the pooled tobit is preferable in the random-effects tobit for
TFPCH function (see Table 3 in Appendix). Therefore, the pooled tobit preferred model was used to determine
the extent to which selected various environmental variables of the TFP growth index of the trout farms.

Based on the measure obtained from the DEA-Malmquist analysis (i.e. the first stage), TFPCH (as latent
variable) was censored at the upper and lower limits, with values equivalent to zero and 100%, respectively.
This means that TFP Malmquist index is supposed to be observed for trout farms with any positive change,
but it is not observed for those with zero change (or changeless) or any negative change. The following
estimation results on the development of TFP change over time period deliver valuable insights into the
determinants of the relative productivity dynamics of trout farms. The estimation results, including the models’
significance, estimated coefficients, and marginal effects from the pooled tobit model on TFPCH are reported
in Tables 2.

Based on this result, the estimated pooled tobit model was found to be statistically significant with a Log-
likelihood ratio test (P<0.01) and a Wald-Chi2 at 1% level of significance, indicating a joint significance of
all environmental variables’ coefficient estimates in the TFP change index function. In other words, the
hypothesis postulating that all environmental variables jointly included in the model had no influence on the
TFP change index (null hypothesis) of trout farms could be rejected at 1% level of significance. This test also
implied that environmental (independent) variables selected could be used to explain the variations in the latent
variable. Furthermore, the estimated coefficients were tested using the standard errors and t-values in the TFP
change index function. The results and interpretation were focused in the statistically significant coefficients.
Note that in the estimated model shown in Tables 2, a positive sign on the statistically significant parameter
estimate of one variable indicates the likelihood of the latent variable increasing, holding other variables
constant, and vice versa. In addition, the estimated coefficients could be converted into a set of marginal
effects (MEs) on the probability of recording a positive productivity growth in trout farming. Therefore, the
significant key factors affecting productivity could be ranked based on the analysis of the marginal effects,
which are further elaborated in this study.

As can be seen in Table 2, the estimation results revealed that certain environmental variables, such as
flow rate or water discharge in terms of litter per sec (FLOWRT), water temperature average (WTTEM),
operators’ attendance in workshop more than two times (ATWKM?2), water temperature more than the sample
average (WTEMMA), fry supply source or hatchery unit inside the farm (FYSOFM), quantity of fish
production in terms of kg per square metre (FISHPR), and suitable water temperature (i.e. 13-18°C) (SWTTM)
positively affected the probability of increase in the TFPCH level, whereas other variables like the number of
illiterate labour (NOILLB), number of lower diploma labour (NOLWDL), and number of fry per square metre
(NOFYPU) were found to have negatively affected the probability of increase in the TFPCH level in trout
aquaculture. The p-value for all the variables estimates discussed above was lower than 0.1 level of
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significance (actually most with the P<0.05), indicating that the variable estimates were statistically significant.
Therefore, it was inferred that the ten factors included in the model (namely FLOWRT, WTTEM, ATWKM?2,
WTEMMA, FYSOFM, FISHPR, SWTTM, NOILLB, NOLWDL and NOFYPU) were key factors that affected
the TFP growth of trout farming in Iran.

3.3. Main factors affecting TFPCH:

Based on the statistically significant variables presented in Table 2 and the extent of the marginal effects,
the main factors affecting TFPCH are water temperature (i.e. WTEMMA and SWTTM) which record the
largest positive value of ME, followed by ATWKM2, FYSOFM, FISHPR, and FLOWRT, respectively.
Meanwhile, NOILLB records the largest negative value of ME, followed by NOLWDL and NOFYPU,
respectively.

The strong positive influence of WTEMMA and SWTTM implied that trout farms with suitable water
temperature (i.e. 13-18°C) tended to contribute more towards TFP growth. This may be due to the existence
of very cold water sources around the trout farms undertaken in this study. This finding confirms the results
of Zarranezhad and Rezaei (2004) as they have also suggested the positive effect of water temperature on trout
production. From the biological aspect, water temperature is one of the most important factors in trout farming
(Bardach et al., 1972; Klontz, 1991; Molony, 2001). It is important to highlight that rainbow trouts need a
regular flow of abundant cold and clean water in the ponds, with sufficient oxygen content. Apparently, cold
water holds more oxygen than warm water; however, very cold water is not suitable for rearing rainbow trout
as it has been found to decrease the TFP growth in trout farming. For this, Klontz (1991) suggested that the
most suitable water temperature range for feeding and growth in trout farming is 13-18°C.

Moreover, the intensive positive impact of the ATWKM?2 also showed that trout farmers attending
workshops more than two times tended to contribute more to TFP growth. The main reason is that the
extension and training activities could contribute to the human resource development in the trout aquaculture
sector and consequently, the TFP growth in trout farming. Similar results were also suggested by Kaliba and
Engle (2006) on catfish farms in Arkansas and by Cinemre et al. (2006) on trout farms in Turkey.

The positive effect of the dummy variable (i.e. FYSOFM) on the TFP growth indicated that an increase
in the TFP growth, whereby the trout farms have own hatchery units. These infer that the TFP growth and
innovation expansion increase when each trout farm has its own hatchery unit. This is also related to
transportation of fry. The rainbow trout fry are not usually stocked into rearing ponds by trout farmers during
the various climatic conditions during the different seasons of the year. Instead, eyed eggs and fry are mainly
produced by the main hatchery and aquaculture research institutes owned by the government, and the required
fry and fingerling are delivered to the trout culture sites by private transport operators. Generally, fry is usually
transported in a crowded condition which can deteriorate fish’s health. Finally, the FISHPR influenced the TFP
growth positively trivial indicating that the TFP growth increases where the trout farms can produce more
trouts.

On the contrary, the intensive negative influence of NOILLB and NOLWDL indicated that employing more
illiterate labours as well as the labours with lower than diploma found to have negative growth rates of TFP.
This confirms the findings by Khayyati and Mashoufi (2007) who suggested that more educated labourers could
help improve the productivity of a trout farm.

Moreover, NOFYPU was found to negatively affect the TFP growth, indicating that increasing the number
of fry per square metre would lead to a lower TFP growth in trout farming. This result could be due to the
existence of a particular disease when there is excessive number of fry and a high mortality rate in rainbow
trout fry during the initial period of trout farming. Therefore, an excessive use of fry in trout ponds might lead
to a major decrease in the trout production and reduce the productivity growth as well. A similar finding was
noted by Zarranezhad and Rezaei (2004) and Khayyati and Mashoufi (2007) in the trout farming sector in Iran.
Finally, the flow rate factor was found to be positively related to the probability to increase the TFP growth.
Trout farmers can regulate the rate of water flowing into own concrete raceway pond or trout farms during
the rearing season, whereas the rate of water flow has been shown to positively affect the TFP growth due
to a perennial stream of the water aerated as it keeps the water refreshed and the dissolved oxygen levels high.
However, flow rate has the smallest positive value of ME as compared to other factors. Similarly, Zarranezhad
and Rezaei (2004) suggested that water flow rate had a positive effect on rainbow trout production.

Apart from this, the other aspect of the study is the contribution of each ME components (i.e.
unconditional and conditional) to the total ME which is associated with the explanatory variables. For example,
Table 2 shows that the extent of ME associated with the ATWKM?2 was 7.861, of which the extent of 3.514
(44.7%) and 4.347 (55.3%) was obtained from the conditional ME and the unconditional ME, respectively.
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Therefore, the role of attending workshop (ATWKM?2) for those trout farmers which were censored is as
important as those which were uncensored. This result can approximately be developed for all the significant
explanatory variables that affect productivity growth.

Table 2: Estimation results of pooled tobit model on TFPCH

Variables Estimated Coefficient Standard Error t-value Marginal effect

Cond. Uncond. Total
FYWEIA -.2945228 1578174 -1.07 -.0870097 -1078112 -0.19482
FLOWRT .0177079 .0103186 1.72* .0052314 0064821 0.011714
WTTEM 2467711 1.37443 1.80%* 7290266 9033152 1.632342
EDULOP 1.06339 1.311953 0.81 3141534 3892582 0.703412
NOILLB -3.440666 2.054191 -1.67* -1.016463 -1.259469 -2.27593
NOLWDL -2.535179 1.049395 -2.42%% -.7489584 -.9280122 -1.67697
ATWKM2 11.9085 3.84595 3.10%** 3.513962 4347171 7.861133
POAMAV -7.91103 5.060727 -1.56 -2.290373 -2.796487 -5.08686
WTEMMA 41.88804 17.60374 2.38%* 12.86271 16.17801 29.04072
INSCOV -1.250991 3.884098 -0.32 -.3691022 -4569329 -0.82604
TENGOV -2.428179 4.166871 -0.58 -.7125303 -.8786955 -1.59123
FYSOFM 8.351086 4.176377 2.00%* 2.533957 3.194954 5.728911
WRSORI 5.254853 5.295526 0.99 1.573674 1.967698 3.541372
WRSOSP -1.810747 5.31893 -0.34 -.5351356 -.6632248 -1.19836
FISHPR 1.718368 3667229 4.69%** 5076509 .6290152 1.136666
NOFYPU -.2088146 0547778 -3.81kk* -.0616893 -.0764374 -0.13813
FEEDQN -.1450041 213667 -0.68 -.042838 -.0530793 -0.09592
SWTTM 28.72378 14.87694 1.93%* 8.451298 10.39707 18.84837
Constant -105.0437 30.36336 -3.46%**
Wald Chi2 (18) 117.75 ***
Loglikelihood -2626.0343

Left-censored obs. 593

Number of obs. 1035

Single (*), double (**) and triple (***) denotes, respectively, significance at the 10%, 5% and 1% level.
(Source: Survey, 2009)

4. Conclusions and Recommendations:

This study presents empirical evidence on sources of total factor productivity (TFP) growth of the
aquaculture sector in Iran over the period 2003-2007. A two-stage estimation procedure for analyzing factors
affecting TFP growth in the trout aquaculture was applied. The first stage measured the TFP growth, while
the tobit regression analysis was performed in the second stage so as to identify the factors that might have
impacts on the TFP growth in the trout farming units. The following are the empirical findings and
implications that can assist policy makers to enhance productivity growth of trout aquaculture sector.

The average annual TFP growth of trout industry during the period 2003-2007 was 3.7%, representing a
figure substantially lower than the targeted annual GDP growth (8%) over the same period of time (CBI,
2009). On the other hand, the results showed that the technological progress (TECHCH) was absent in the trout
aquaculture, while the technical efficiency change (EFFCH) was found to be the sole source for TFP growth.
In other words, the TFP growth of trout farming in the aquaculture sector is substantially formed from EFFCH
rather than TECHCH or innovation improvement. This means that many trout farmers have not been adopting
the best available technology or they are still using inappropriate and conventional production methods. This
also means that Iran still has a room to improve the TFP growth in the trout aquaculture, and this can be done
by shifting its production frontier through improving innovation and development of new technologies.
Therefore, there is an urgent need to modernize the current technology and expedite the transfer of new
technologies. This can help boost the quantity and quality of trout production at various seasons of the year,
which in turn, significantly enhance the productivity growth. In order to achieve this objective, various actions
should be carried out by the government such as adopting the newest and latest technologies and allowing
developed countries to invest in trout aquaculture in the country.

In the second stage of the study, the estimated TFP changes were then regressed on the some socio-
economics and bio-technical factors that are likely to lead to boost TFP growth in the trout aquaculture
industry. The results proved that training workshop is one of the most profitable government facilities to
enhance the TFP growth of trout farms. Therefore, continuing and developing training courses by Iranian
Fisheries Organization (IFO), which is the sole agency performing aquaculture extension and fish farmer
training activities, can lead to a more sustainable level of growth in the productivity of trout farming. However,
the IFO’s future programmes for aquaculture training and extension should focus more on the improvement
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of new technology in the trout aquaculture. Furthermore, such training workshops targeted at improving
innovation for trout farms could further accelerate the adoption of technology.

Meanwhile, water temperature, which has been emphasized by aqua culturists, is one of the most important
environmental factors to boost the productivity growth of trout farms. The strong positive impacts of suitable
water temperature signify that trout farms with suitable water temperature (i.e. 13-18°C) tend to have higher
productivity growth. These points should be taken into consideration by IFO in topology and selecting suitable
location, as well as enhancing productivity growth over time. The survey indicated almost half (47.3%) of the
trout farms sampled did not have suitable water temperature in the production period; hence, further
examination should be carried out to find methods which can be used to improve water temperature conditions
at trout farms. Supplying a complete technical package to improve and regulate water temperature at trout
farms may stimulate the enhancement of the TFP growth and the adoption of improved technology.

On the other hand, the negative influences of the illiterate labourers (NOILLB) as well as the labourers
with lower than a high school diploma (NOLWDL) on TFP growth of trout farming can provide valuable
information for the government to make strategic decisions at farm and planning levels; these include
enhancing the education level of manager and labours, as well as mitigating the intake of illiterate workers
and workers with low level of literacy to the trout farms to enhance the TFP growth and the trout farmers’
managerial efficiency. It is important to emphasize that the development of trout aquaculture will not succeed
without highly educated personnel. Thus, encouraging the trout farm owners to employ literate labour force,
or those with higher than the high school diploma could be beneficial for a positive growth of TFP. Finally,
the results revealed that the dummy variable (FYSOFM) positively affected the TFP growth, indicating that
the TFP growth increase when there are hatchery units available at the trout farms. Hence, future aquaculture
planning should include having or providing the rainbow trout hatchery units inside the farms.

In summary, the Iranian government should also encourage the trout farms to employ labour forces who
are literate, possess higher than the high school diploma, as well as to supply a complete technical package
for improving and regulating water temperature and also providing the trout hatchery units inside in the trout
farms, which can be beneficial for enhancing the TFP growth. The promotional extension and training
activities, such as extension workshops in using inputs associated, particularly the number of fry used per area
unit, can contribute to human resource development in the Iranian aquaculture industry.
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Appendix
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Fig. 1: Graphical illustration Malmquist TFP and its decomposition into technical efficiency change and
technological change*

* X, Y, and T, represent input, output and technology at period t respectively and also X,,;, Y,,, and T,
represent input, output and technology at period t+1 respectively.
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Table 1: Estimation results of pooled and random effect tobit model on TFPCH
Independent Variables/Parameters Pooled Tobit

Random Effect Tobit

Coefficient t-value Coeftficient t-value
FYWEIA -.2945228 -1.07 -.2945228 -1.07
FLOWRT .0177079 1.72% .0177079 1.72%
WTTEM 2467711 1.80%* 2467711 1.80%*
EDULOP 1.06339 0.81 1.06339 0.81
NOILLB -3.440666 -1.67* -3.440666 -1.67*
NOLWDL -2.535179 -2.42%% -2.535179 -2.42%%
ATWKM2 11.9085 3.10%%* 11.9085 3.10%**
POAMAV -7.91103 -1.56 -7.91103 -1.56
WTEMMA 41.88804 2.38%%* 41.88804 2.38%%*
INSCOV -1.250991 -0.32 -1.250991 -0.32
TENGOV -2.428179 -0.58 -2.428179 -0.58
FYSOFM 8.351086 2.00%* 8.351086 2.00%*
WRSORI 5.254853 0.99 5.254853 0.99
WRSOSP -1.810747 -0.34 -1.810747 -0.34
FISHPR 1.718368 4,69%%* 1.718368 4,69%%*
NOFYPU -.2088146 -3.81 % -.2088146 -3.81%%*
FEEDQN -.1450041 -0.68 -.1450041 -0.68
SWTTM 28.72378 1.93* 28.72378 1.93*
Constant -105.0437 -3.46%** -105.0437 -3.46%**
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Table 1. Continue

Sigma (o) 45.67323 - -
Sigma_u (o,) - - 4.05¢e-16
Sigma_e (o,) - - 45.67323
Rho (p) = s, /(s,*+s.>) - - 7.88e-35
Poolability test": Chi2 - - 0

Wald Chi2 (18) 117.75 - 110.36
Prob > Chi2 0.0000%** - 0.0000%**
Loglikelihood -2626.0343 - -2626.0343
No. of cross sections 207 -207 -

Number of time periods 5 - 5

Total observations 1035 - 1035

Single (*), double (**) and triple (***) denotes, respectively, significance at the 10%, 5% and 1% level
? Poolability tests test equality of regression variances and of regression parameters in the subsamples
of 2001 till 2007 by using Loglikelihood-ratio test of 6,=0 and chi2
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