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Abstract Analysis of data from a cross-sectional survey of 571 catfish farmers in the four

major catfish-producing states in the United States showed that variability in production

fell as farm size increased. Increasing pond size was associated with increasing variability

in production. The variance of production was higher on operations that had watershed

ponds than on operations with levee ponds.
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Introduction

Analytic techniques associated with agricultural-production economics typically concen-

trate on the maximization of profit as the producer’s primary goal (Debertin 1986).

However, farmers who are more risk-averse have an augmented concern with profit var-

iance, and might prefer to apply inputs at higher rates if they can be demonstrated to be

variance-reducing (i.e., risk-reducing) inputs. Risk-averse producers tend to determine

input-application strategies based on a trade-off between simultaneously receiving a high

expected profit and high profit variance (which is a function of yield variance).

Losinger et al. (2000) reported results of an analysis of economic interactions between

feeding rates and stocking densities in the production of catfish (Ictalurus punctatus) in the

United States. The analysis was based on data obtained from a survey of US catfish

producers (Losinger et al. 2000). An evaluation of the underlying technology was

accomplished by means of a Just–Pope production-function model, which characterized

the expected value and variance of output per ha by different functions (denoted f and g,

respectively):

y ¼ f ðX ; aÞ þ gðX ; bÞe
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where y represents output (i.e., kg of catfish produced per ha), X is the (n · 1) vector of

inputs (and other factors, such as uncontrollable inputs), a and b are conformable

parameter vectors, and e � Nð0;r2Þ. After assigning functional forms to f and g, econo-

metric estimation of the Just–Pope production function yielded the systematic effects of

inputs and other factors on both expected output and the variance of output.

The model which characterized the expected output ( f ) was used to determine optimal

variable-input application rates, to study stages of catfish production, and to measure

the impact of increased application of one input on the marginal product of other inputs

(Losinger et al. 2000). The variance equation (g) was not used in the previous analysis (other

than to correct for heteroskedasticity in f ), and was not reported (Losinger et al. 2000).

This short communication presents and discusses the variance equation, which reveals

specific factors that had significant impacts on the variance of catfish production.

Materials and methods

Data used in this study were from a 1997 survey of 571 catfish farmers in Alabama,

Arkansas, Louisiana and Mississippi (United States Department of Agriculture 1997), of

whom 181 producers provided a full set of data that could be used in the analysis of

production (Losinger et al. 2000). Development of the Just–Pope production-function

model has been described (Losinger et al. 2000). Briefly, a three-step process, outlined by

Just and Pope (1978), was followed. The first step was to regress y (using ordinary least

squares regression) on the mean function:

y ¼ f ðX ; aÞ þ u

where u is the residual term. The second step was to estimate b by regressing the residuals

û from the first step on the variance function (using ordinary least squares regression):

ln jûj ¼ ln jgðX ; bÞj þ v

where v is an error term. In the third step, heteroskedasticity was corrected in the mean

function by re-estimating a using weighted least-squares regression, with the fitted values

from the variance equation (Step 2) as weights:

y=gðX ; bÞ ¼ f ðX ; aÞ=gðX ; bÞ þ v

Regressor selection was based on minimizing Akaike’s information criterion (Losinger

et al. 2000). De Janvry’s (1972) generalized power production function was used in the

mean equation because of its flexibility (i.e., all stages of production can be represented by

allowing the marginal product of an input to range from negative to positive values; and

the same inputs can be allowed to be technically complementary or competitive depending

on their use). The mean equation (previously reported by Losinger et al. 2000) is presented

in Table 1.

Results and discussion

Table 2 presents the variance model. The variance function was parameterized by a Cobb-

Douglas functional form primarily due to its parsimony in parameters (Debertin 1986). The
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primary goal in the empirical analysis was to identify input effects on the expected output

as risk-increasing, risk-decreasing, or risk-invariant inputs. Therefore, a Cobb-Douglas

functional form sufficed. Interaction terms were not included in the variance model. A

large number of questionnaire variables were available for model-building. Variable

selection was based on a forward-stepwise selection (Losinger et al. 2000). Only variables

with significant slopes were included in the variance model.

The negative coefficient associated with farm size shows that increasing farm size was

associated with reduced variance of production per ha. The mean model (Losinger et al.

2000) demonstrated that expected yield per ha also increased as farm size increased. Thus,

larger farms not only have greater expected yield per ha than smaller farms, but also a more

predictable output per ha than smaller farms. This may suggest that larger farms had a

competitive advantage in catfish production over small farms in terms of both expected

yield per ha and variance of yield. Some of the large farms may have been more spe-

cialized in catfish production than many of the smaller farms. For many of the smaller

operations, catfish farming may have been a subsidiary source of income, or a hobby. In

addition, many of the smaller-scale farmers may have just entered the business, and may

have been experimenting with catfish-production techniques that were new to them.

The positive coefficient associated with pond size shows that operations that had larger

ponds had increased variance in output per ha (Table 2). Pond size did not enter the mean

equation, which suggests that pond size did not significantly influence the expected yield

per ha, particularly compared to farm size, stocking density and feeding rate (Table 1).

However, the basic descriptive results from the survey data that formed the basis of the

present study indicated that maximum yield per ha occurred on catfish farms with an

average pond size of 5.3–6.1 ha (Table 3). Yield per ha fell as the average pond size

increased or decreased from 5.3 to 6.1 ha (Table 3). The variance of production showed

Table 1 Coefficient estimates of the mean equation of the Just–Pope production-function model for catfish
production in the United States

Regressor Coefficient estimate Standard error | t-ratio | P > | t-ratio |

Intercept )1.805 7.813 0.231 0.817
Ln(farm size, ha) 0.153 0.055 2.777 0.005
Ln(stocking density, fingerlings/ha) 3.872 1.674 2.313 0.021
Ln(feeding rate, kg/ha/yr) )3.265 0.876 3.728 <0.001
[Ln(stocking density)]2 )0.185 0.093 1.985 0.047
[Ln(feeding rate)]2 0.229 0.059 3.852 <0.001
Feeding rate · Ln(farm size) )0.000010 0.000009 1.062 0.288

The dependent variable is the natural logarithm of the catfish yield (kg/ha per year). Published in Losinger
et al. (2000)

Table 2 Coefficient estimates of the variance equation of the Just–Pope production-function model for
catfish production in the United States

Regressor Coefficient estimate Standard error | t-ratio | P > | t-ratio |

Intercept )0.959 0.241 3.972 <0.001
Ln(farm size, ha) )0.261 0.066 3.960 <0.001
Ln(pond size, ha) 0.479 0.159 3.011 0.003
Watershed ponds (yes/no) 0.672 0.304 2.213 0.027

The dependent variable is the natural logarithm of the residuals from the mean equation of the Just–Pope
model
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signs of increasing when the mean pond size was in the range of 5.3–6.1 ha (Table 3). A

farm with a greater number of smaller ponds may be more likely to have ponds that are free

of disease (or off-flavor problems) at key marketing times, and thus experience reduced

variance in production. Thus, catfish farmers who are concerned with both expected yield

and variance of yield may wish to concentrate on building ponds that are approximately

5.3 ha.

Watershed ponds are built in hilly areas by constructing dams across valleys to form

reservoirs that accumulate rainwater (Whitis 2002). Levee ponds are erected on land that is

flat, and generally rely upon groundwater from wells (Steeby and Avery 2002). Watershed

ponds may be less costly to build and maintain than levee ponds (Whitis 2002). The

increased variance in production associated with watershed ponds may be reflective of a

lower level of management required to initiate and maintain the operation, or perhaps less

control in how the ponds may be constructed (i.e., watershed ponds depend on the terrain

and the rainfall, whereas the shape, size and water in a levee pond can be more precisely

determined). Less control in the construction of watershed ponds may cause the yield of

watershed ponds to be more variable. The type of pond did not have a significant effect on

expected yield (Losinger et al. 2000), which suggests that owners of watershed ponds may

have an advantage in terms of lower fixed costs. Therefore, increased variability in pro-

duction may be more acceptable to owners of watershed ponds that to owners of levee

ponds.
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