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Abstract

The dissertation is organized into three topics in economic analysis of the U.S.
farm raised catfish industry. The objective is to evaluate the supply response, price
transmission in an imperfect market, and risk transfer between processing and farm
market level in the U.S. catfish industry.

The first topic studies the U.S. farm raised catfish supply using a static
normalized profit function and dynamic adaptive expectation approaches. Empirical
estimations of short-run supply elasticities are 0.23 and 0.28, and long-run supply
elasticities are 0.80 and 2.1 when using static and dynamic approaches. Only 8.5% out of
72.7% of catfish farm supply increase between 1988 and 2008 is attributed to
technological change. Catfish producers adjust yield in the short-run and acreage in the
long-run to respond to market incentives. Catfish supply varies inversely with risks.

The second topic studies the transmission between catfish farm and processed
prices. The theoretical model predicts that price transmission is asymmetric, and the
transmission elasticity ranges between 0 and 1. Market power at the processing level has
a positive effect on price transmission, meaning that farm price is transmitted more
completely to wholesale price when processors have more power over catfish producers.
However, market processors’ power has an ambiguous effect on the asymmetric level of
price transmission. The empirical test finds a short-run price transmission elasticity of

0.40, and long-run of 0.60. Co-integration test results in a short-run elasticity of 0.45 and



a long-run of 0.73. Sixty-two percent of positive price transmissions and 40% of
negative price transmissions are realized spontaneously. The industry conjectural
variation elasticity is 0.06. Processors have oligopoly and oligopsony power that force
farm price down, and raise wholesale price at the same time.

The third topic investigates the effects of price risk originated at processing on
farm raised catfish supply. A theoretical model predicts that price risks at the processing
level may affect factor demand for farm raised catfish. Fluctuations in factor demand
may also influence the catfish farm supply response. Input/output price expectations at
processing and marketing levels may have negative/positive effects on factor demand at
the farm level. Price risks reduce processor factor demand for farm raised catfish.
Empirical results show evidence that price risks at processors level reduce catfish farm
raised supply. In terms of product forms, fillet products have positive effects on farm

supply, while whole fish products have a negative relationship with farm supply.
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INTRODUCTION

Catfish production contributed the largest share of U.S. aquaculture sales in 2007.
The industry enjoyed a long period of growth from 1970 to 1990 but experienced
reductions in water acres, output, and sales since 2000. The decline is attributed
primarily to competition from catfish-like imports (Jolly et al., 2001; Kennedy and Lee,
2005; Quagrainie, 2006; Lee and Kennedy, 2009), and recent increases in feed and fuel
costs (Byrd, 2008). The challenges faced by the U.S. catfish industry have triggered a
desire to analyze and forecast the impacts of the escalation in feed price and catfish-like
import on the industry. A thorough analysis of this kind requires knowledge of catfish
farm supply. However, estimates of the U.S. catfish farm supply, to date, are
inconsistent, unreliable, and in most cases generate insignificant and unstable coefficients
(Kinnucan and Sullivan, 1986; Zidack, Kinnucan, and Hatch, 1992; Kouka and Engle,
1998). Therefore, there is a critical demand for a timely, comprehensive, and rigorous
estimation of the U.S. catfish farm supply.

Knowledge of price transmission between the U.S. catfish farm and wholesale
markets is crucial in gaining an in depth understanding of market structure and behaviors.
Numerous studies have examined vertical price transmission in the U.S. catfish industry
(Kinnucan and Sullivan, 1986; Kinnucan and Wineholt, 1988; Nyankori, 1991; Zidack et
al, 1992; Hudson; 1998; Hudson and Hanson, 1999; Buguk, Hudson, and Hanson 2003,

Kinnucan and Miao, 1999). Those studies found evidences of price transmissions from
1



farm to wholesale markets. The magnitude of price transmission elasticities varies across
studies, such as 0.29 in Kinnucan and Wineholt (1988), 0.68 in Zidack et al. (1992), 0.41
in Kinnucan (1995), 0.64 in Kinnucan and Thomas (1997), 0.63 in Kinnucan and Miao
(1999), and 0.29 in Kinnucan, Sindelar, and Hatch (1988). None of the previous studies
tested asymmetry in price transmission, as well as possible problems when dealing with
non-stationary time series.

The literature on market power in the U.S. catfish industry is mixed. Kouka
(1995) finds evidence of oligopolistic power and some degree of price enhancement.
Hudson (1998) tests imperfect competition in the U.S. catfish market using conjectural
variation, and concludes that the U.S. catfish market is competitive. Hudson and Hanson
(1999) analyzed marketing margin using the number of processing plants as a proxy for
market concentration, and found that the number of processing plants has no effect on
farm-wholesale price spread. Bouras and Engle (2007) found oligopoly power index of
0.28, and oligopsony power index of 0.68, but their estimates of market power are
statistically insignificant.

The literature on the catfish industry market has left some unresolved questions,
such as: Is there any asymmetry in price transmission between farm and wholesale
markets? What are the factors attributable to the asymmetry? How does market power
play a role in price transmission?

Risks are unavoidable in aquaculture production. Previous studies on risk in the
U.S. catfish industry include Branch and Tilley (1991), Losinger (2006), Soto &
Kazmierczak (2000), Neira and Quagrainie (2007). The main production risk in the U.S.

catfish farming is the off-flavor problem (Branch and Tilley, 1991). Output price risk
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positively affects catfish producers’ decision on harvesting volume (Branch and Tilley,
1991). Losinger (2000) finds that farm and pond sizes are significant influences on yield
risk. Larger farms have a competitive advantage over small farms in terms of higher
yield and lower variance. Larger pond sizes have higher variance in catfish yield
(Losinger, 2000). Similarly, Soto & Kazmierczak (2000) find that the single-batch
production system for small size farms was the most inefficient production type in terms
of high risks in yield and net returns.

Neira and Quagrainie (2007) use a principal-agent model to examine risk
behavior among catfish producers and processors. They find that catfish processors do
not shift market risks to catfish producers, and producers are paying high premiums by
receiving low prices for their live catfish. Neira and Quagrainie (2007) also find no
evidence of production risk shifting from farmers to processors. The existing literature
on the catfish industry lacks discussion on the effect of risks at the processing level on
farm market.

Since the late 1980s, there has been a dramatic change in the structure of
processed forms in U.S. catfish processing. Fillet and frozen products have been
developed that gradually replaced market shares of fresh and whole fish products.
Recently, steak and nuggets have been promoted by processors. The diversification
process in product form of the U.S. catfish processing industry raises some questions.
Those research questions are: What are the incentives for processors to diversify their
products? How is product diversification related to processing risks in the U.S. catfish
industry? Does product diversification in catfish processing have any impact on the U.S.

catfish producers at the farm level?



The purpose of this dissertation is to provide a comprehensive economic analysis
of the U.S. catfish industry. Specifically, | will investigate how catfish producers
respond to changing market conditions of rising input prices, survive competition from
imports, and deal with harsh macroeconomic conditions. The relationship between
producers and processors is also investigated through examining the behavior of price
transmission between markets and possible exertion of market power. Finally, I will
discuss the effects of risks at farm and processors market on catfish producers’ behavior,
and the implication of changing product forms at processing level on farm production.

The dissertation employs a static normalized profit function and adaptive
expectation methods to estimate U.S. catfish farm supply. Incremental contributions are
to include fixed factors and risk factors in the supply function; and to separate the
responses of acreage and yield in the supply response. The Houck (1977) method and
cointegration are employed to detect asymmetry in price transmission. Market power is
tested using the new institutional approach to industrial organization to estimate the
industry conjectural variation elasticity and market power indices. Risk response of
catfish farm production is analyzed using a Just-Pope (1979) production function with
multi-output and multi-inputs to examine the effects of risk created by specific product
form at processing.

The dissertation is organized with the following sections. Chapter 1 discusses the
economics of the U.S. catfish farm supply with the specific objectives: (1) to estimate
farm supply functions of the U.S. catfish farm industry; (2) to determine factors affecting
the U.S. catfish supply’s responses to prices and market forces; and (3) to evaluate the

risks associated to catfish farm supply.



Chapter 2 investigates the asymmetric price transmission and market power in the
U.S. catfish industry. The specific objectives are: (1) to test the asymmetry in price
transmission between farm price to wholesale price; (2) to test the linkage between
market power and price transmission in the U.S. catfish processing sector; (3) to
investigate the welfare distribution between producers, processors, and consumers in the
presence of asymmetric price transmission and market power in the U.S. catfish industry.

Chapter 3 deals with product diversification at processing level and risk transfer
from processing to U.S. farm raised catfish. The specific objectives are: (1) to investigate
motivations of product diversification and its impacts on risk and profitability of the U.S.
catfish processing industry; (2) to investigate the effects of different processed catfish
products, such as whole fish, fillet, steak, fresh vs. frozen, on the behavior of the U.S.
catfish producers regarding risk and supply.

The results from these studies will be useful for researchers and policy makers in
designing appropriate measures to improve competiveness of the U.S. farm raised catfish.
For example, the results from Chapter 1 can be used to diffuse information on farm
supply elasticity which can be used to simulate the impacts of rising input price. The
results from Chapter 2 can be used to inform the public about the economic loss when
processors exert market power. The results from Chapter 3 can direct future research on
farm production to respond to the changes and trend of product form innovations at the

processing market level.



CHAPTER 1: ECONOMICS OF THE U.S. CATFISH FARM SUPPLY

1. Introduction

Catfish production contributed the largest share of U.S. aquaculture sales in 2007.
This amounted to 32% or 455 million U.S. dollars (USDA, 2009). The industry enjoyed
a long period of growth from1970 to 1990, but experienced reductions in water acres,
output, and sales since 2000. The decline is attributed primarily to competition from
catfish-like imports (Jolly et al., 2001; Kennedy and Lee, 2005; Quagrainie, 2006; Lee
and Kennedy, 2009), and recent increases in feed and fuel costs (Byrd, 2008). The
challenges faced by the U.S. catfish industry have triggered a desire to analyze and to
forecast the impacts of the escalation in feed price and catfish-liked imports on the
industry. A thorough analysis of this kind requires knowledge of catfish farm supply.
However, estimates of the U.S. catfish farm supply, to date, are inconsistent, unreliable,
and in most cases generate insignificant and unstable coefficients (Kinnucan and
Sullivan, 1986; Zidack, Kinnucan, and Hatch, 1992; Kouka and Engle, 1998). Therefore,
this chapter aims to provide a timely, comprehensive and rigorous estimation of the U.S.
catfish farm supply.

Several approaches are employed to estimate agricultural supply, such as linear
programming, duality approach, supply system, and reduced-form supply response.

However, the supply of a single commodity is often estimated with the duality or supply



response approach (Colman, 1983). Relating to the U.S. catfish industry, Kinnucan and
Sullivan (1986) computed supply elasticities from production elasticities using a formula
suggested by Houck (1985), and found catfish supply elasticities ranging from 1.86 to
8.10. Zidack, Kinnucan, and Hatch (1992) applied a profit function to estimate a U.S.
catfish farm supply function, and obtained a supply elasticity of 0.15. They assumed a
Cobb-Douglas production function, and that farmers maximize profit based on a ratio of
expected product price to expected feed price. Kouka and Engle (1998) estimated catfish
supply functions of fingerlings, food-size live catfish, and processed catfish, using the
ordinary least squares method. The estimates of catfish supply were mostly statistically
insignificant. However, Kouka and Engle used their estimates to compute supply
elasticities of 1.41 for fingerling production, 0.14 for food-size farm production, and 0.39
for processed catfish. Neal (2008) estimated simultaneous demand and supply systems at
the U.S. catfish farm and wholesale market levels, and obtained short-run and long-run
supply elasticities of 0.25 and 0.52 at the farm market, and short-run and long-run supply
elasticities of 0.815 and 2.95 at the wholesale market.

The range of supply elasticities is as divergent as the methods used and the
measurements used for output and price. The present paper employs both static profit
function and adaptive expectation methods to estimate U.S catfish farm supply.
Incremental contributions of the paper, considering previous studies, are to first include
fixed factors and risk factors in the static supply function; second, to separate the
responses of acreage and yield in the dynamic supply response. Therefore, the study
allows more flexible and realistic investigations of short-run and long-run behaviors of

the U.S. catfish producers. The study has set three objectives: (1) to estimate farm supply
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functions of the U.S. catfish farm industry; (2) to determine factors affecting the U.S.
catfish supply responses to prices and market forces; and (3) to evaluate the risks
associated to catfish farm supply. The chapter is organized in the following sections:
U.S. catfish farming, conceptual framework, acreage and yield responses, supply

response to risk, and summary and conclusion.

2. U.S. Catfish Farming

The U.S. catfish industry developed from a sideline farming activity in the 1970s
into a major agricultural industry in the southeastern states of Alabama, Arkansas,
Louisiana, and Mississippi (Jolly et al., 2001). The growth of the U.S. catfish farm
industry has gone through three periods; the first period was from 1970s to 1980s with an
annual growth rate of 23% in sale volume; the second period was from 1990s up to 2003
with a lower annual growth rate of 6%; and the third period is from 2003 to the present
with a negative growth rate. In the past, growth in the U.S. catfish industry was mainly
derived from expansion of pond acres, technological innovations, marketing efforts, and
increasing consumer demand (Jolly et al., 2001).

In the early years, catfish was mainly raised in single-batch production ponds,
where fingerlings or stockers were stocked in spring and harvested in fall when fish
reached 1.0 to 2.0 pounds in weight. In the mid-1970s, expansions of markets and catfish
processing plants required a year-round supply of food-size catfish. Hence, the multi-
batch system was developed to stock different sizes of catfish in the same pond, which
ensures the availability of food-size fish throughout the year. Multiple-batch systems

helped to reduce risk, but its income expectation decreased by 8% to 35% (Engle and
8



Pounds, 1994). In terms of market outlets, 85% of food-size catfish are sold to
processors; the rest are sold to local markets as fresh fish, or to recreational fishing
outlets.

The industry is facing major problems of increasing costs and low prices in spite
of changes in production that have taken place in recent years. Attempts made to study
current shocks on the industry were limited due to lack of reliable estimations of supply
functions. In this paper, we intend to examine the supply function taking into
consideration the static and dynamic aspects of supply function previously considered

only in agricultural crop production.
3. Conceptual Framework

Production economic theory assumes that firms maximize both short- and long-

run profits. The production function of single product and multiple inputs is defined as:
(l) Q = F(Xl, Xz...Xn; Zl, Zz...zm)

where, Q is single output, Xs are variable inputs, Zs are fixed inputs. The short-run profit

is equal to revenue minus variable costs:
2 n = pF(Xy, Xa... Xn; Z1, Zs... Zm) — D WiXi

where, p is product price, w; is input price of the i™ input. The normalized profit function
was first mentioned by Jorgenson and Lau (1974), and proved more convenient to
manipulate through empirical analysis. The normalized profit function is obtained by
dividing the profit equation (2) by product price (p):

9



(3) H/p = F(Xl, Xo... Xni 21, Zs.. .Zm) — Z(wi/p)Xi

Firms maximize short-run profit by choosing the optimal levels of variable inputs, X*; =
X*i(walp, Wo/p,...wilp; Z1, Za,...Zm), taking p, w, and Z as given in the situations of
competitive factor and product markets. The indirect normalized profit function is

obtained by substituting factor demand X*; into (3):

(B) WL, W W Za, Zo... Zim) = FOX*1, X%, X*0 Z4, Zo. .. Zm) — Swi X*,

where, m* = ni/p is the normalized profit function, w*; = w;/p is normalized price of input

Xi. The output supply is derived from (4) as:

(5) Q =m*(W*, W*a... W*p; Zy, Zy... Zp) + X WHi X*

Yotopoulos and Lau (1979) considered a Cobb-Douglas production function, and derived

a normalized profit function as in (4), which has a log-linear functional form:

(6) Inr* = a + Yoilnw*; + Y B;InZ;

From (6) dln*/ow*; = ai/w*;. Equally, onr*/ow*; = m*ai/w*; because olnmr*= om*/mr*.
Shephard’s lemma gives on*/ow*; = - X*;. Therefore, X*; = - m*a;/w*;. Substituting the

result for X*; into (5) we obtain the output supply function:

(1) Q=m*W* 2Z)-Zaim*(w*, Z) = (1 - Yoi) m*(W*, Z)

where, w* and Z are vectors of normalized input prices and fixed factors. Taking the

logarithm of both sides of (7) gives a log-linear supply function:

10



(8) INQ =1In(1-Yoi)+a+ Yailnw* + YB;InZ;

The supply function has two properties - homogeneity and symmetry. The specification
of the supply function in (8) has a strict constraint that the sum of supply elasticities, with
respect to input and output prices, is zero. Own price supply elasticity is Es = 0lnQ/dlnp
=-Ya;. Supply elasticity with respect to price of input i (Xi) is Ei = lnQ/dlnw; = o;.
The homogeneity characteristic of the profit function is binding when Es + Y E; = 0. If the
production function exhibits constant returns to scale (CRTS), the supply function is

homogenous to the degree one of fixed factors, or ) ;= 1.
3.1. Technological Change

In general, technical changes cause production output to increase when using the
same levels of variable and fixed inputs. Fuss and McFadden (1978) include the

technical change factor in the production function as:
9 Q=KX 2Z1

where, X and Z are vectors of variable and fixed inputs. Since technical change happens
over the long-run, fixed inputs can be considered variable. The letter t represents
technical change, and 0F/o(t) > 0. By duality, 0F/0(t) = on*/0(t), hence technical change
has a positive effect on normalized profit function, on*/d(t) > 0 (Lau, 1978). Technical
change can be factor- augmenting and/or output-augmenting. The production function is

then specified as:

(10)  Q=A() F{AL()X1, Ax()Xz,... An(DXn; Z1, Z2,...Zm}
11



where, A(t) is output-augmenting technical change, Ai(t) is factor-augmenting technical
change for input X;. According to Lau (1978), the corresponding normalized profit

function is:
(1) o* = Au{w* A)/AL(L), WAR)/AAL),... wFARANY); Z1, Zo,... 20}

Assuming a Cobb-Douglas production function in the U.S. catfish industry leads to a

Cobb-Douglas normalized profit function:
(12)  m* = A {wHAGALD I {WS AR AL I, . W AQAD I 2P 2,7z

Taking the logarithm of both sides of the profit function, we obtain a log-linear

normalized profit function with factor- and output-augmenting technical change:
(13)  Inm* = InA(t) + YoilnA(t) - YoilnAi(t) + Soilnw*; + YBiInZ;

From (13) and (7), we can obtain the output supply function with technical change in the

log-linear functional form as:
(14) InQ = In(1 - Y.0i) + InA(t) + ZaiInA(t) - ZaiInAi(t) + zaih’]W*i + ZBJIan

There are a number of ways to measure technical change, for example, time
variable is used to indicate a general evolution of technology, dummy variable is
employed for a specific known technology, research and extension expenditures can be

used as proxies for technical change.

12



3.2. Short-run vs. Long-run Supply

In the short-run, there is at least one fixed factor in the production process, and
producers can adjust only variable inputs to maximize short-run profit. In the long-run,
all inputs are variable, and producers can adjust all inputs to maximize long-run profit.
Within the time span of a production cycle, variable inputs are feed, fuel, labor, and
management. Beyond the span of one production cycle, fingerlings and pond acreage can
be variable. Similarly, other fixed factors such as buildings, trucks, and machines can be
altered beyond a certain time period, for example, three years or five years. The research
hypothesis is that producers respond greater to price incentives over the long-run because
more production constraints are eliminated in the long-run. Sadoulet and de Janvry
(1995) describe a supply model with consideration of fixed factors in a system of

equations:

(15) Q=0Q(P, k, k*, 1)

k =k(P, k*, t)

k* = k*(P, G)

where, Q is farm supply; P is the price vector; k is farm fixed factors, such as water acres,
machinery and building; k* is public fixed factor, such as extension service, road,
communication, irrigation, and electricity system; and t and G are exogenous factors,
such as weather and government programs; farm fixed factors (k), response to price

incentives (P), public fixed factors (k*), and exogenous factors (t). Public fixed factors
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(k*) vary in response to price incentives (P) and government programs (G). Short-run
supply elasticity is Ess = (0Q/0P)*(P/Q), and long-run supply elasticity is E; s =
(0Q/0P)*(P/Q) + (0Q/k)*(k/Q)* {(ck/OP)*(P/k) + (ok/ok*)*(k*/k)} +

(OQ/BK*)*(k*/Q)* {(Ok*/OP)*(P/Kk*).

3.3. Empirical Estimation

The empirical model is developed based on the theoretical supply model in (14).
Since there is no information about a specific technical change, only output-augmenting
technical change is captured through the time variable. Since data on specific fixed
factors are unavailable, farm size is employed as a proxy for all fixed factors. Farm size
is a good indication of fixed factors because larger farms are likely to have larger fixed
capital investments. The present study does not consider public fixed factors in empirical

estimation. Hence the empirical models are:

(16) InFarmvolume;=In(1 - a1- ay- az- o4) + ap Year + oy InFeedprices* + oy

InGasprices* + az InCapitalprice* + a4 INWage* + B InFarmsize; +

(17)  InFarmsize; = vyo + v1 lagiz2(InFeedprice*) + v, lagio(InGasprices*) + ys3

lagi2(InCapitalprice*) + y4 lagio(InNWage*) + ys Year + g

where, In stands for the logarithm operator, Farmvolume is live catfish volume sold to
processors at time t, Feedprice* = feed price/catfish farm price, is normalized catfish
feed price at time t, Gasprices* = gas price/catfish farm price, is normalized gasoline price

at time t, Capitalprices* = U.S. bank prime rate/catfish farm price, is normalized U.S.
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bank prime rate at time t, Wage:* = wage/catfish farm price, is normalized U.S. farm
wage rate per hour at time t, and Farmsize; = total pond acre/number of catfish farm, is
the average pond acreage per farm at time t.

The system of equations (16) and (17) models the producers’ behavior on how
much they are willing to supply to the processors at current profitability level, technology
level, and at given fixed factors. In the above system, Farmvolume and Farmsize are two
endogenous variables. However, the system of (16) and (17) is a recursive system.
Therefore, there is no correlation between independent variables and the error term in the
individual equations and the equations in the system can be estimated separately without
a problem of simultaneous bias. The equation (16) has no intercept since the underlying
production function is assumed in the Cobb-Douglas function form and the intercept is
represented technology, which is replaced by the time variable (Year). The equation (16)
is estimated using non-linear in parameter estimation method. The equation (17) models
the producers’ behavior in adjusting fixed factors in response to profitability levels.
Adjustment of fixed factors requires time, and is often happened at the beginning of a
production cycle. Therefore, we use lag 12 normalized input prices to predict how
producers adjust fixed factors in response to profit incentives. Since, data are monthly;
each equation of (16) and (17) will include eleven dummy variables for the first eleven
months in the year to account for seasonal effects in the data.

Data are monthly, available from January 1988 to December 2008. Data on
catfish farm volume and farm price are collected from various catfish production reports
of the National Agricultural Statistics Service (NASS, 1988-2009); feed price is extracted

from the 2008 U.S. Catfish Database by Hanson and Sites (2009); data on U.S. farm
15



wage rate are from USDA database; data on gasoline price are from the Bureau of Labor
Statistics (BLS); bank prime rate is collected from the Federal Reserve Bank.

The ordinary least squares (OLS) estimation method can be used to for a
recursive system of equations, such as (16) and (17) (Gujarati, 2002). Since (16) is non-
linear in parameters, the non-linear least squares (NLS) estimation method should be
plausible for the U.S. catfish supply system. The best empirical estimation results of (16)
and (17) are presented in Table 1a. The U.S. catfish farm supply equation has expected
signs and statistically significant in all of its parameter estimates. Input prices all have
negative effects on catfish farm supply. Time trend and farm size both have positive
effects on catfish farm supply. Parameter estimate of normalized feed price has a t-value
of -2.38, and is statistically significant at 5%. Similarly, parameter estimates of
normalized gas price and normalized capital price are significant at 10% and 1%,
respectively. The results in Table 1a show that a 1% increase in the feed price, gas price,
and capital price causes catfish farm supply to decrease 0.1 %, 0.05%, and 0.15 %,
respectively. Supply elasticity is equal to the sum of absolute values of the coefficient of
normalized input prices, which is 0.3. In the short-run, the price elasticity of catfish
supply is inelastic, and a 1% increase in farm out price will cause catfish farm supply to
increase by 0.3 %.

Positive effect of the time trend in supply equation shows that there is
technological improvement over time that causes the increase in catfish farm supply,
given inputs remain unchanged. However, only 9.8% out of a total increase of 72.68% of
the U.S. catfish production between 1988 and 2008 is attributed to technical change. The

rest of the increase in U.S. farm catfish production can be attributed to the increase in
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variable and fixed factors, such as feed, ponds, machinery, and other factors of
production. Farm size, a proxy for farm’s fixed factors, has a positive effect on catfish
supply as expected. Wald test rejects the null hypothesis that Farmsize’s coefficient
equals to 1. The test result reveals that the U.S. catfish farm production is in the stage of
decreasing returns to scale, since B = 0.39, smaller than one.

Farm size is significantly responding to price incentives. Producers consider the
expected profitability in making decisions on farm investment. The expected profitability
is simply formulated by a ratio of expected input price over expected output price. The
empirical estimation of the farm size equation shows that only feed price has significant,
negative effect on farm size, as expected, with t value of -5.73. Gas price does not have a
significant effect on farm size. The time trend has a positive effect on farm size. The
estimation confirms that lower expected profitability will discourage producers to invest
in fixed factors. Consideration the effect of fixed factors on farm supply will give us the
long-run supply behavior of the producers. Long-run catfish farm supply elasticity is
computed using formulas derived from (15), obtaining the long-run supply elasticity of
0.45.

The empirical NLS estimations of (16) and (17) give plausible results as discussed
above. The estimations have good fit with adjusted R squares of 0.78 and 0.80 for farm
supply and farm size equations. However, White test and Durbin-Watson statistics
indicate problems of heteroscedasticity and autocorrelation in both empirical equations
(Table 1a). In addition, Shapiro-Wilk normality tests shows that both empirical models
have non-normally distributed error terms. The least squares method in the presence of

heteroscedasticity and autocorrelation still give unbiased and consistent estimate, but
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inefficient estimates. This means that standard errors of parameter estimates are
miscomputed, and we cannot believe in the t tests for the significance of parameter
estimates in the empirical equations of (16) and (17), Table 1a.

The problem of heteroscedasticity and autocorrelation in the least squares
estimation was addressed by Newey and West (1987), using the generalized method of
moments (GMM) techniques developed by Hansen (1982) to suggests a class of
consistent estimators that involve calculating weighted sum of estimated autocovariances
of cross-products of instruments and residuals. Newey and West (1994), discussed
further about the method to identify the lag length selection in the estimation of
heteroscedasticity and autocorrelation consistent covariance matrix (HACCM). The
formula of lag length of autocovariance employed in this study is I(n) = 3(T/100)?°,
where T is the number of observation in the time series data. The Newey-West
heteroscedasticity and autocorrelation consistent covariance matrix (HACCM)
estimations of the system of equation 916) and (17) are presented in Table 1b. The
results from GMM estimation are similar to that in NLS estimation method. The t values
in the GMM method are generally smaller than those in NLS method. In the farm supply
equation, gas price becomes statistically insignificant, while feed price and capital price
(interest rate) are still significant. The farm supply elasticity is equal to absolute value of
coefficients of feed price and interest rate, 0.252. The time trend and farm size both still
have positive effect on farm supply as in NLS method. In the farm size equation, the sign
of interest turns into negative as expected, however, still insignificant. Normalized feed
price has significant negative effect on farm size. A 1% increase in normalized feed price

in the previous year will cause producers to reduce the farm size by 0.56 %. Therefore,
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the total effect of farm price on farm supply will include the effect of farm price through
normalized input price in supply equation, and the effect of farm price though farm size
from farm size equation. The long-run supply elasticity is computed using formula

derived from (15), and equal to 0.47.

4. Acreage and Yield Responses

In the literature, models have been developed to explain the dynamics of
agricultural supply, such as the adaptive expectation model (Nerlove, 1958) and partial
adjustment model (Griliches, 1967), and both models lead to a lag distributed model.
The basic foundation of distributed lag models of agricultural supply is that farm
producers make decisions based on past prices. Recently, Vector Autoregressive (VAR)
models have been developed to explain the dynamics of market behavior (Bessler, 1984;
Brandt and Bessler, 1984). In addition, the dynamics of supply can be more precisely
investigated when considering biological characteristics of plants and animals in the
estimations. Chavas and Johnson (1982) separated U.S. broilers and turkey production
into 4 stages from placement, testing, hatching, and production. Holt and Johnson (1988)
also investigated supply dynamics of different production stages in the U.S. hog industry.

Catfish ponds cannot be easily transformed into other crop activities without
disturbing its immediate production. In catfish farming, the numbers of pond acres put
into production are decided in advance of stocking time. Therefore, catfish pond acreage
is fixed in the short-run, meaning that producers cannot adjust production acreage in
response to immediate changes in prices. However, catfish producers can adjust other

variable inputs, such as feed, labor, management, water, and energy in response to
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immediate changes in prices. The short-run adjustment affects production yield. In other
words, producers adjust production yield to maximize short-run profit, and adjust
production acres to maximize long-run profit.

Production output volume is equal to production acres multiplied by yield, Q =
Ao*Y. Therefore, the percentage change in output (dInQ) is equal to the sum of
percentage change in acreage (dInA) and percentage change in yield (dInY), dInQ = dInA
+dInY. Dividing by the percentage change in output price (dInp) obtains dInQ/dInp =
dInA/dInp + dInY/dInp, or Eq = Ea + Ey, Where Eq is catfish farm supply elasticity, Ea is
catfish acreage elasticity with respect to output price, and Ev is catfish yield elasticity
with respect to output price. In the short-run, Ey is larger than Ea. In other words,
catfish yield is more responsive to price changes than catfish acreage in the short-run, or
Eq > Ey > Ea. However, catfish yield has an upper bound at a certain time due to
technological constraints. Therefore, yield should respond to prices less than acres do in

the long-run, or Ey < Ex in the long-run.

4.1. Nerlovian Acreage Response

The Nerlove model assumes that farmers make decisions primarily based on price
expectations, and through a partial adjustment of output (Nerlove, 1956, 1958). A
prominent question in empirical estimation is what price should be used in model
estimation. In the literature, price series frequently used are crop prices actually received
by farmers; ratio of crop price over some consumer price index; ratio of crop price over
some input price index; and ratio of crop price to some index of price of competitive

crops (Askari and Cummings, 1977). Output measurements are incorporated into supply
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response estimation in various ways, but mostly as crop weight or volume. However,
acreage is a good measurement relating producers’ expected price to their production
decision. The time lag between planting and harvesting is an important factor to the

response of output supply to price. The general supply response model is represented as:
(18) A'izap+a P +aZi+u

(19) Pi-Pey =P(Pra-Pr1 )

(20)  Ai- Aui=v(A"t- Av)

where A’ is desired farm acreage at time t; A;is actual farm acreage at time t; P, is
expected price at time t; P;is actual price at time t; and Z; represents exogenous variables
at time t. Equation (18) reflects farmers’ decisions at the beginning of production based
on the expected price. Equations (19) and (20) show the partial adjustment behavior of
farmers with respect to stocked acreage and expected price. Elimination of unobserved

terms from (18), (19), and (20), we obtain a reduced form of supply response:
(21)  A¢=Dbo + biPri+ DAt + bsAcs + DaZi + bsZiq + vy

where, bo = aofy, by=aify, b2=2-p-v,b3=-(1-B)(1 - y), ba=azy, bs= - ax(1 - B)y, and
V=7 ut - (1 - B)y ues. The short-run supply elasticity is Ess = by*(P /Q). The long-run
supply relationship between output and price is represented by the coefficient a; in (19),
and is derived from estimates of (21), as a; = b1/(1 - b, - b3). The long-run supply

elasticity is E_s = by/(1 - bo - b3)*( P /Q).
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4.2. Yield Response

The theoretical model was first proposed and discussed by Houck and Gallagher
(1976) in their research on price responsiveness of U.S. corn yield. Houck and Gallagher
(1976) argue that producers maximize their profit by producing at an output level where
marginal physical product is equal to the ratio of output price over input price, given

fixed cultivation acres. Therefore, output is a function of price ratio and given acreage:

(22) Q =F(p/w,Ay).

where, Q is output, p is output price, w is input price, and Ay is given acreage in the
short-run. Hence, yield (Y) is equal to total output (Q) divided by acreage (Ao). Hence,

yield is a function of price ratio and pond acres:

(23) Y = Q/Ao = F(p/W,Ao)/Ao = g(p/W,Ao)

The variations of catfish yield and price ratio are presented in Figure 1. There are
three types of variations in catfish yield. First, catfish yield has a long-run increasing
trend over the study period. Second, catfish yield has a medium-run cyclical pattern,
going up and down in about every five or six years. Third, catfish yield has a short-run
fluctuating pattern. Similarly, the Figure 1 also shows three types of variations in output-
input price ratio. The price ratio has a slightly decreasing trend over the long-run.

The long-run increasing trend in catfish yield and decreasing trend in price ratio
could be explained by evolution of technology. Production technology is improving over

time, shifting catfish supply outward, and reducing relative product price. On the other
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hand, technological improvements allow producers to increase production yield over
time. In the medium-run, the cyclical pattern observed in catfish yield may originate
from the fluctuation of relative output price. A higher relative output price means higher
profitability, and producers have higher incentive to produce more, to maximize profit by
increasing catfish yield in the medium-run. Therefore, the cyclical pattern in yield is
similar to that in the price ratio. In the short-run, the fluctuation in catfish yield may be
reflected by noted seasonality patterns in catfish production. Even though catfish is
harvested year round in the prevailing multi-batch production system, more catfish is
harvested in March before releasing new batches of fingerlings, and in October before the

temperature goes down during the winter.

4.3. Empirical Estimation

The dynamics of catfish supply can be understood when simultaneously
investigating the responsiveness of catfish acreage and yield to price changes. The short-
and medium-run response of yield is empirically specified using a method proposed by
Houck and Gallagher (1976) as in (23). The long-run adjustment of production acreage
is specified from the model developed by Nerlove (1958) as in (21). The system of

equations of catfish supply responses is presented below:

(24)  Yieldg = ap + Y bi*Priceratio;; + a1*Acre + ax*Yearg + Ug

(25)  Acre; = ag + X bi*Priceratio.iy + aiAcrew., + a,ACrerp + azZy + asZeq + Vi
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where, Yield is catfish yield at time t, Acre; is catfish acreage at time t, Priceratio; is the
ratio of output price over input prices i or CPI, and Z is a vector of exogenous factors
such as weather, partial harvest, seasonality, survival rate, inventories, and number of
processing plants. Trend variable (Year) accounts for non-price factors, such as
technology and climate change.

Simultaneous estimation of yield and acreage response in (24) and (25) are
presented in Table 2. The system of equations of catfish yield and acreage response is
estimated employing non-linear Full Information Maximum Likelihood method. The
estimation is reliable since both estimated equations have no problems of
heteroscedasticity detected through White test, and no autocorrelation problem through
Godfrey test. The models have no specification error since the Shapiro-Wilk test shows
normally distributed residuals. Adjusted R-squares are high, 0.68 for yield equation, and
0.87 for the acreage response equation. Catfish yield responds instantaneously and
positively to output price, as expected. A 1% increase in catfish farm price causes catfish
yield to increase by 0.15 %. Input prices negatively affect catfish yield, except for farm
wage. Yield has an upward trend over the years due to technological progress. Acreage
positively affects catfish yield. However, Acreage squared has a negative effect on yield,
as larger acreages require more input, and management skill to maintain yield level.

Catfish acreage dynamics follow the Nerlovian hypothesis. Producers make
decisions on catfish acreage based on their expectation about the future price, and
allocate catfish production acres through a partial adjustment mechanism. The estimation
of the Nerlovian acreage response model is reliable and statistically significant. The

corresponding short-run and long-run acreage response elasticities are 0.11 and 0.41.
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Therefore, the short-run catfish farm supply elasticity is the sum of yield elasticity and
short-run acreage elasticity, equaling to 0.26. In other words, a 1% increase in output
price causes catfish farm supply to increase 0.26 % in the short-run. The long-run
acreage response to price change is 0.41. Total long-run supply elasticity is computed by
the sum of yield elasticity, long-run acreage elasticity, and long-run effects of acreage

over yield. Long-run catfish supply elasticity is 2.14.

5. Supply Response to Risks

There are two types of risks in agriculture: production and market risk.
Production risk involves the variation of production yield due to variations of physical
inputs and uncertainties, such as diseases, natural disasters, and climate conditions.
Market risk involves the price, interest, and consumer demand fluctuation and depends on
macro-and micro economic conditions (Jolly and Clonts, 1993). Price risk increases with
closed and fragmented agricultural markets. Production risk and price risk could be
independent or correlated, and influence yield and acreage (Sadoulet and de Janvry,
1995). The traditional approach to modeling producers’ behavior under risk is the
expected utility approach proposed by Von-Neumann and Morgenstern (1944), and
applied by Chavas and Holt (1990) to analyze agriculture supply with risk factors.

Households maximize expected utility from their consumption (G):

(26) Max EU(G) s.t. budget constraint

The budget constraint states that all income is spent by the household, or I + R — C = gG.

Where, | is exogenous income from initial wealth (W) and its opportunity cost (r), and |
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= rWy; R is production revenue, equal to output price (p) times production output F(X,
Z), or R = pF(X, Z); C is production cost, equal to input price (w) times production inputs

(X), C =wX; and q is consumer price index. Equation (26) is transformed to:

(27)  Max EU(r/gW, + p/gF(X, Z) — w/gX)

and the solution for maximized expected utility yields the optimal input demand function,

X*(p, w, q, r, Z, Wp), and the optimal output supply function as:

(28) Q=F(X*, Z2)=S*(p,w,q,r, Z, W)

Producers make decisions about supply depending on available information. At
the time when production decisions are made, producers are aware of the opportunity cost
(r), consumer price index (q), fixed factors (Z), and initial wealth (W,). Output and input
prices are unknown. In addition, some exogenous factors, such as price, sales volume
and inventory in the closely-related processing market are known. The underlying
hypothesis is that risk in related markets will affect the risk at the farm gate. Those
unknown variables to farm decision-making process are considered as stochastic random
variables. The distributions of those random variables are well captured by their
moments (Pope and Just, 1991). Therefore, farm supply function in the presence of price

risk is generalized as:

(29) Q=S*(p% w’ p“,w' q,r,Z, Wp).

where, p® is expected output price, w® is expected input price, p" is variance of output
price, w" is variance of input price, g is consumer price index (CPI), r is opportunity cost
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of wealth, Wy is initial farm wealth, and Z is vector fixed factor, or exogenous factors.

The first two moments of random variables are defined by Just (1974) as:
E(p) = 0p T=olL - 0p)" Prca
V() = 8p Dico(L - 8p)" [Pracs — E(P )]’
E(Wi) = Owi Yk=o(L - Oui) Wi, tact
V(Wi) = 8wi Ykeo(1 - Swi) [Wi, tier — E(Wi, 1ca)]”

Empirical models of supply response to risks are specified as linear risk model proposed
by Just and Pope (1979), separating effects of independent variables on mean and

variances of output supply:
(30)  Q=f(p% W p’, W', q, 1, Z, Wo) + g(p°, w", p’, W', g, 1, Z, Wo)*e

where, ¢ 1s a stochastic random error, E(¢) = 0 and V(¢) = 1. The estimation procedure of
(30) follows three stages in Just and Pope (1979). The stage | involves the non-linear
least squares (NLS) estimation of Q = f(p°®, w®, p', w", g, r, Z, Wy) with the estimated
residual, &. The estimated residual (&) is systematically heteroscedastic, since & = g(p°,
w®, p¥, WY, q, 1, Z, Wo)*e, or In(|&]) = Ing(p®, w®, p*, W', g, I, Z, Wo) + In(*¢). The stage II
involves the ordinary least squares (OLS) estimation of In(|é|) = Ing(p®, w®, p*, w", q, 1, Z,
W) + In(*¢), to obtain the estimate of In(g). The third stage is proceeded by NLS’s
estimation of equation (30) after it is weighted by g, or Q/g = f(p®, w*, p’, w", q, 1, Z,

Wo)/g +¢.
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The empirical model is estimated in log-linear functional form, and the three
stages of estimation of (30) are presented in Table 3a. The results show that catfish farm
producers consider the expected profitability and the variance of profitability when
making decisions about farm supply production. The results in stage | show that catfish
farm supply is positively related to profitability levels, as expected. The expected
normalized gas price and expected normalized capital price significantly affect farm
supply, while the expected normalized feed price is not statistically significant. The
effects of profitability variation on catfish supply are different for different inputs.
Variations of feed price and gas price negatively affect farm supply level. In contrast,
variation of capital price positively affects farm supply. The plausible explanation is
higher risk in fixed investment may force catfish producers to concentrate more on
catfish production, which has relatively lower risk than other related business ventures.
Time variable and farm size both have positive effects on farm supply, as expected. In
the short-run, within 24 months, farm supply elasticity is 0.23 from the estimation of
stage .

In the stage Il (Table 3a), the risks or variations of catfish farm supply do not
depend on expected means and variations of output and input prices, except for gas price.
Gas is the only input affecting the variation in catfish farm supply. Over the years, the
variation of catfish farm supply is decreasing. In other words, the U.S. catfish producers
learn to reduce their risk over the years, or are risk-averse. The results of stage 11l (Table
3b) confirm the results in stage | that catfish farm supply is affected by expectations and
variations of output and input price, or farm profitability. The catfish farm supply

elasticity is 0.59 in the short-run (with 24 months) after removing all risk factors. The
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result confirms that U.S. catfish producers are risk-averse, in the sense that they respond

less to profit in the presence of risks.

6. Summary and Conclusion

The present study uses profit function approach and Nerlove adaptive expectation
approach to analyze the U.S. catfish farm supply. The empirical estimations generate
similar short-run supply elasticities, 0.23 and 0.28, respectively. However, the long-run
supply elasticities are quite different between the two approaches, 0.8 in profit function
approach and 2.1 in adaptive expectation approach. Only 8.5% out of 72.7% of the U.S
catfish production expansion between 1988 and 2008 is attributed to technical change.
The U.S. catfish industry is at the stage of decreasing returns to scale, 1% increase in all
input factors causes farm output to increase by 0.34 %. In the short-run, catfish
producers mainly vary production yield in response to price changes. In contrast, catfish
acreage is more responsive to the price change in the long-run. The risk model in the
catfish supply equations shows that variations of profitability negatively affect farm
supply. The variations or risks of farm supply are mainly determined by non-price risk
factors. The U.S. catfish farm supply variation is decreasing over the years. The U.S.

catfish producers respond less to profit incentives in the presence of risk.
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Appendix 1

Table 1a. Non-linear Least Squares (NLS) Estimation of U.S. Catfish Farm Supply

U.S. catfish farm supply equation Farm size equation
Parameter Estimate t Value Parameter Estimate t Value
year 0.004094***  61.89 Constant -109.705 -25.13
Infeedprice -0.10557** -2.38  lagl2(Infeedprice) -0.40347***  -573
Ingasprice -0.04621* -1.78  Lagl2(Ininterest) 0.017408 0.30
Ininterest -0.14995*** -4.98 year 0.057685***  26.01
Infarmsize 0.379658***  16.37 D1 -0.00657 -0.13
D1 0.13094 4.45 D2 -0.01511 -0.29
D2 0.130895 4.45 D3 -0.02541 -0.49
D3 0.225682 7.66 D4 -0.02736 -0.53
D4 0.097981 3.32 D5 -0.0295 -0.57
D5 0.093389 3.15 D6 -0.02241 -0.43
D6 0.0604 2.04 D7 -0.01109 -0.22
D7 0.088218 3.00 D8 -0.00989 -0.19
D8 0.137277 4.66 D9 -0.0045 -0.09
D9 0.105308 3.57 D10 -0.00549 -0.11
D10 0.160677 5.45 D11 -0.00288 -0.06
D11 0.051643 1.76
R?-adjusted 0.7826 R2-adjusted 0.8054
DW 0.2155 DW 0.0371
White test p=<.0001 White test p=<.0001
Normality test p=<.0001 Normality test p=<.0001

Note: at the estimates, *** means significant at 99%; ** significant at 95%; * significant
at 90%
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Table 1b. Generalized Method of Moments (GMM) Estimation of U.S. Catfish Farm

Supply

U.S. catfish farm supply equation

Farm size equation

Parameter Estimate t Value Parameter Estimate t Value
year 0.004104***  31.87 Constant -112.812 -7.65
Infeedprice -0.12212* -1.84  lagl2(Infeedprice) -0.55702***  -2.66
Ingasprice -0.01326 -0.27  Lagl2(Ininterest) -0.17129 -0.56
Ininterest -0.13** -2.00 year 0.059105***  7.75
Infarmsize 0.389913***  11.34 D1 0.008737 0.25
D1 0.128973 5.12 D2 -0.00976 -0.21
D2 0.129629 4.43 D3 -0.0396 -0.66
D3 0.229809 6.97 D4 -0.05242 -0.80
D4 0.102135 2.89 D5 -0.05635 -0.88
D5 0.10717 3.25 D6 -0.04522 -0.75
D6 0.068375 2.14 D7 -0.01887 -0.34
D7 0.092455 3.03 D8 -0.01401 -0.26
D8 0.142653 4.67 D9 -0.01159 -0.23
D9 0.108008 3.62 D10 -0.00724 -0.18
D10 0.15958 6.41 D11 -0.0011 -0.04
D11 0.055981 2.91
R?-adjusted 0.7777 R2-adjusted 0.7782
DW 0.2108 DW 0.0461
White test p=<.0001 White test p=<.0001
Normality test p=<.0001 Normality test p=<.0001

Note: at the estimates, *** means significant at 99%; ** significant at 95%; * significant
at 90%
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Table 2a. FIML Estimation of Yield and Acre Response

U.S. catfish yield response (InYield) Catfish acres response (Acre)
Variable Estimate  t-value Variable Estimate t-value
Constant -27.2582  -1.16  Constant -1.04E+07 -71.8
log(Farmprice) 0.148869* 1.69 lagl2(Priceratio)  58795.94*** 8.16
log(Feedprice) -0.06544  -1.03  lagl2(Acre) 0.976636***  14.32
log(Gasprice) -0.11184**  -2.82  lag24(Acre) -0.25419*%**  -4.02
log(Interest) -0.07639*  -1.94  Year 5306.216*** 7.81
log(Wage) 0.508934 151 CPI -1303.15***  -8.66
Acre 0.000025** 2.46
Acre’ -7.27E-11**  -2.34
Year 0.011634 0.95
R2- adjusted = 0.68 R?- adjusted = 0.87
DW = 0.8547 DW = 0.3705
White's Test: p-value = <.0001 White's Test: p-value= <.0001
Godfrey Test: p-value = <.0001 Godfrey Test: p-value = < 0.0001
Shapiro-Wilk: p-value = 0.7233 Shapiro-Wilk: p-value = 0.2403

Note: at the estimates, *** means significant at 99%; ** significant at 95%; * significant
at 90%
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Table 2b. GMM Estimation of Yield and Acre Response

U.S. catfish yield response (InYield) Catfish acres response (Acre)
Variable Estimate t-value Variable Estimate t-value
Constant 56.7968 0.45  Constant -9448845 -4.08
log(Farmprice) 0.981267 1.31  lagl2(Priceratio)  114487.6*** 5.08
log(Feedprice) 0.093071 0.23  lagl2(Acre) 1.043329*** 9.21
log(Gasprice) 0.241399 0.71  lag24(Acre) -0.29549* -1.94
log(Interest) -0.32317**  -2.16  Year 4827.123*** 4.07
log(Wage) 0.807442 0.7 CPI -1152 57*** -4.53
Acre 6.99E-06 0.14
Acre’ 1.76E-11 0.1
Year -0.03334 -0.5
R2- adjusted = 0.2226 R2- adjusted = 0.8251
DW= 0.4961 DW= 0.3131
White's Test: p-value = <.0001 White's Test: p-value= <.0001
Godfrey Test: p-value = <.0001 Godfrey Test: p-value = < 0.0001
Shapiro-Wilk: p-value = 0.2567 Shapiro-Wilk: p-value = 0.5124

Note: at the estimates, ***means significant at 99%; **significant at 95%; *significant at
90%
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Table 2c. Estimates of Farm Supply Elasticities

Elasticities FIML GMM
Yield elasticity 0.148869 0.981268
Short-run acre elasticity 0.110681 0.215517
Long-run acre elasticity 0.398767 0.854675
Short-run elasticity 0.259549 1.196785
Long-run elasticity 0.547436 1.835943
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Table 3a. Price Risk in the Estimation of U.S. Catfish Farm Supply (Stages | and I1)

Stage I: (InFarmvolume)

Stage I1: (log(square of residual from

stage 1)

Parameter Estimate t-value Parameter Estimate t-value
year 0.004141***  46.64 year -0.00465***  -2.32
InerFeedprice 0.051493 0.81 InerFeedprice 1.198074 0.91
InerGasprice -0.11529***  -3.65 InerGasprice -1.31401 -1.27
Inerinterest -0.11354***  -3.12 Inerinterest -0.37562 -0.48
InevrFeedprice  -0.03548***  -3.16 InevrFeedprice -0.32978 -1.44
InevrGasprice -0.00071 -0.09 InevrGasprice 0.397686* 1.7
Inevrinterest 0.041329*** 422 Inevrinterest -0.22645 -1.08
InFarmsize 0.459938***  12.9 InFarmsize -0.13669 -0.2

R2-adjusted = 0.6904

DW =0.6797

White's Test = 178.7; p-value = <.0001
Godfrey: p-value = <.0001

Shapiro-Wilk: P-value = 0.0471

R2-adjusted = 0.0271

DW =1.982

White's Test = 56.95; p-value = 0.0753
Godfrey Test: p-value = 0.94

Shapiro-Wilk: p-value = <.0001

Note: at the estimates, *** means significant at 99%; ** significant at 95%; * significant

at 90%
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Table 3b. Price Risk in the Estimation of U.S. Catfish Farm Supply (Stage I11)

Stage IlI: (weighted InFarmvolume)

Parameter Estimate t-value
year -0.0007*** -20.01
InerFeedprice 1.187334*** 19.94
InerGasprice -1.33812*** -33.05
Inerinterest -0.43556*** -11.56
InevrFeedprice -0.34562*** -31.46
InevrGasprice 0.358493*** 24.92
Inevrinterest -0.16474*** -14.86
InFarmsize 0.299583*** 7.26

R2-adjusted = 0.9778

DW = 0.6555

Godfrey Test: LM = 98.22; p-value = <.0001
White's Test: 194.6; p-value = <.0001

Shapiro-Wilk: p-value = 0.0004

Note: at the estimates, *** means significant at 99%; ** significant at 95%; * significant

at 90%

36



yield
0.35
0.2
0.25 A A T | l
0.2 i
0.15 T T T S Taaiaie St ETTTTITIT T T T I T TR T,
O = N N 0N =T ST N W W00 00 OO NN oD = O O I~ o0 o
O Y © O S © O g ©H o O © O OO O 0 O O O o O O o O
Yy ©O O O O ©O © g © © O O O O O 1O © ©O O © O o O O O O
=8 e e o= v ey et =8 ™ e NN AN NN AN NN N NN AN
price ratio
0.45
o4a
0.35 A
0.3 - -
0.25 M \
0.2 Vxé
0.15 T T T T T T T T T T TR r T AT T T T T e e e T T e e T e T R I T v T vy TR
0 00 O =1 N AN 0 T T 1D W W IS 0 0 O O - ~N o O O I~ 0
o0 0O o0 D OSSO O OO O OO O O O [ T ] o S G £y B T
S O O OO OO OO0 O OO OO O OO OO OO O O o O O o o O O O O
SUA T @ GGlonor O o) oyoy O O OIS B 8IS S S22

Figure 1. U.S. Catfish Yield and Output-feed Price Ratio Variation During 1988-
2008
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CHAPTER 2: ASYMMETRIC PRICE TRANSMISSION AND MARKET POWER IN

THE U.S. CATFISH INDUSTRY

1. Introduction

Price is the primary mechanism by which markets are linked, and vertical
transmission of a price shock is an important element in the description of a market
operation (Goodwin and Holt, 1999). However, price transmission may not always be
symmetric. Peltzman (2000) found that asymmetry in price transmission is prevalent.
Most studies refer to non-competitive market structure as a main reason for asymmetric
price transmission (Meyer and VVon Cramon-Taubadel, 2004). However, Weldegebriel
(2004) argued that oligopoly and oligopsony power are not necessarily the cause of
asymmetric price transmission with the degree of price transmission as a benchmark in a
perfectly competitive market. Empirical tests on the link between asymmetric price
transmission and market power are limited, and produce mixed results partially due to
difficulties in finding an appropriate proxy for market power (Meyer and Von Cramon-
Taubadel, 2004). The present study investigates the nature of price transmission between
the U.S. catfish farm and wholesale markets, and the linkages between market power and
the transmission of prices. The study also examines the welfare distribution effect

associated with asymmetric price transmission and market power.
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Numerous studies have examined vertical price transmission in the U.S. catfish
industry (Kinnucan and Sullivan, 1986; Kinnucan and Wineholt, 1988; Nyankori, 1991,
Zidack et al, 1992; Hudson; 1998; Hudson and Hanson, 1999; Buguk, Hudson and
Hanson 2003; Kinnucan and Miao, 1999). Those studies found transmissions from farm
to wholesale prices. The magnitude of price transmission elasticities vary across studies,
0.29 in Kinnucan and Wineholt (1988), 0.68 in Zidack et al (1992), 0.41 in Kinnucan
(1995), 0.64 in Kinnucan and Thomas (1997), 0.63 in Kinnucan and Miao (1999), and
0.29 in Kinnucan, Sindelar and Hatch (1988). However, none of the previous studies
tested asymmetry in price transmission, as well as correcting the possible non-stationary
problem when dealing with time series in their tests of price transmission.

The literature about market power in U.S. catfish processing industry is mixed.
Kouka (1995) developed a model to measure the conjectural elasticities and oligopolistic
power, and found evidence of oligopolistic power and some degree of price enhancement.
Hudson (1998) tested imperfect competition in the U.S. catfish market using conjectural
variation, and concluded that the U.S. catfish market is competitive. Hudson and Hanson
(1999) analyzed marketing margins using the number of processing plants as a proxy for
market concentration, and found that the number of processing plants has no effect on
farm-wholesale price spread. Bouras and Engle (2007) found oligopoly power index of
0.28, and oligopsony power index of 0.68 with a conjectural elasticity of 0.073, but the
estimates of market power are statistically insignificant.

The present literature on price transmission in the U.S. catfish market has left the
following unresolved questions: first, is there asymmetry in price transmission between

farm and wholesale markets in the U.S. catfish industry? Second, what are the factors
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attributable to asymmetric price transmission in the industry, if present? Lastly, who
gains and who loses from the asymmetric price transmission in the U.S. catfish industry?

The present study’s objectives are: (1) test the asymmetry in price transmission
between farm price to wholesale price; (2) test the linkage between market power and
price transmission in the U.S. catfish processing sector; (3) investigate the welfare
distribution between producers, processors, and consumers in the presence of asymmetric
price transmission and market power in the U.S. catfish industry. The paper will be
organized into the following sections: structure of the U.S. catfish industry, theoretical
model, empirical estimation and results, welfare distribution, and summary and

conclusion.

2. Structure of the U.S. Catfish Industry

Some elements of market concentration may be detected in the U.S. catfish
processing sector as the number of processors is relatively small compared to the number
of catfish growers. Catfish processing was substantially concentrated in the 1970s with
the four-firm industry concentration ratio being 98% in 1979 (Miller, 1981). During
1980s the number of catfish processing plants increased rapidly from about 10 plants to
the largest number of 37 plants in 1990. Since then, the number of catfish processors has
been decreasing, remaining at about 20 in 2008. Dillard (1995) estimated the catfish
processing four-firm industry concentration ratio at 60-70% by 1995. Masuda (2002)
computed the four-firm industry concentration ratio of catfish processing of 52%.

About 85% of total live catfish are sold to processors. Processors buy live catfish

and process fish into whole fish, fillet, nugget, and steak forms. Whole dressed fish,
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which are gutted and skinned, are frozen or consumed immediately as fresh products.
Further processing involves filleting and cuttings as steak and nugget forms. Fillet
processing technology has gone through significant improvements during early 1990. In
contrast, technical change in whole fish processing has not changed as fast (Hudson and
Hanson, 1999).

Quality of live catfish begins to deteriorate soon after harvest. Live catfish are
often processed within 30 minutes after leaving farmers’ pond (Masuda, 2002). The
distance between catfish ponds and processors should not be too far in order to keep
transportation cost low and maintain fish quality for processing. Therefore, a processor
may have a certain market power over catfish growers within neighboring areas.

Vertical integration of industries reduces transaction costs, results in higher
quality, and lowers price to consumers. In the U.S. catfish industry, vertical integration
was developed in various forms, such as “grower-owned processor”, “cooperative
processor”, and “independent processor”. The “grower-owned processors” have the
highest level of association between catfish grower and processors. The “cooperative
processors” include catfish growers among many groups of people who have ownership
over the processing plants shares. The “independent processors” are more loosely
vertically integrated with catfish growers, but often develop some association with
growers, such as purchase contracts, fingerling and feed assistance, “delivery right” to
buy a certain volume of live fish regardless of market condition (Masuda, 2002). The
vertical integration helps processors gain oligopolistic power over consumers (Naynkori,

1991).
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There is a close relationship between farm price and wholesale price (Figure 1).
However, the wholesale-farm price margin in real term has been decreasing over time
(Figure 2). The margin is the gross revenue per unit of output of the processing industry;
hence decreasing industry’s margin suggests one of, or a combination of, the following
factors faced by the U.S. catfish processors: higher competitive markets; improving
efficiencies; and decreasing input price. But, Figure 3 shows increasing trends in real
wage and real energy price, and only capital price has been declining over time.
Therefore, catfish processors may employ more capital/machines intensive technology to
save labor and energy costs. As a result, the capacity of processors is increasing and the
number of processors is decreasing (Figure 4a, 4b) leading to increasing in market power
of processors over growers.

Market power of an industry is related to the ability to gain extra-profit from
charging higher market prices to consumers, and paying lower market prices to input
suppliers. There is some evidence of market power in the U.S. catfish processing
(Kinnucan and Sullivan, 1986; Kouka, 1995; and Bouras and Engle, 2007). Recently,
catfish imports have been increasing faster, and could be a countering factor to the

oligopoly market power of the U.S. catfish processors.

3. Theoretical Model

Gardner (1975) developed a model to link output market with farm input market,
and non-farm input markets to explore the nature of farm-retail price spread in
competitive markets. Gardner (1975) found that elasticities of farm-retail price

transmission are different when market shocks are stimulated from different sources, such
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as a shift of food demand, a shift of farm supply, or a shift of marketing input supply.
Holloway (1991) extended Gardner’s model to include oligopoly power in the food
processing sector. Azzam (1998) extended Gardner’s model to include oligopsony power
in the food processing sector. Weldegebriel (2004) developed a theoretical model with
oligopoly and oligopsony market power to predict price transmission deviations from that
in competitive market situations. Weldegebriel found that asymmetric price transmission
exists in competitive markets, and market power does not necessarily lead to imperfect
price transmission. Peltzman (2000) empirically found asymmetric price transmission in
competitive markets.

Firm pricing behavior will influence the level of profit extracted by market
participants at various stages of marketing. The levels of profit and market behavior can
provide information on market structure and price transmission. Hence, we will examine
both market structure and price transmission altogether in the U.S. catfish industry.

This section lays out the theoretical model to link farm price and wholesale price
in order to understand the nature of price transmission in the presence of market power in
the U.S. catfish processing industry. Market demand for wholesale catfish depends on
wholesale price, consumers’ income, population, as well as the availability of substitutes
such as catfish imports, other fish products, and meat. The inverse demand function at

wholesale market is:

(1)  Pw=D(Qw 2)
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where, Py, is wholesale price of processed catfish, Q,, is wholesale volume of processed
catfish, and Z is a vector of demand shifters. Catfish processors buy live catfish as an

input into their production, and face a market supply of live catfish as:

(2) Pf = D(Qf, W)

where, Ps is farm price of live catfish, Qs is sale volume of live catfish, and W is a vector
of live catfish supply shifters, such as weather, technology, and feed price. We assume
that each processor has the same fixed proportion technology, or Qsi = k Qw,i. Where,
Qs is live catfish volume bought by firm i, Qy; is sale volume of processed catfish of

firm 1, k is a constant and k > 1. A firm’s profit function is therefore:

(4)  TIi = Pw(Qw) Qw, — P(Qs) Qri — Ci(r, Quw,)

where, ITjis firm i ‘s profit, Q¢ is market farm supply volume (Qs = Z Qs;), Qu is market
wholesale volume (Q. = £ Qu,i), Cj is processing cost, and r is a vector of input prices,
such as wage, energy price, transportation price, capital price. Firm i choose to produce a

quantity that maximizes its profit. First-order condition in (4) is as following:

(5)  OIi/OQuw,i = Pw + (OPw/0Quw) (0Qw/0Qw,i) Qu,i — k Pt — (OP/0Q¢,) (0Q5/0Quw,i) Qi

— aCi(r, Qw,i)/ﬁQW,i =0

or,

(5)  Puw(l+0i/m) =K Ps(1 + 0i/c) + MC;
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where, n = (0Qw/0Pyw) (Pw/Qw) is market demand elasticity for wholesale processed
catfish, € = (0Qs/0Ps) (P#/Qy) is market supply elasticity of live catfish, and 0;=
(0Qw/0Qwi) (Qw,i/Qw) is conjectural variation elasticity of firm i. MC;is marginal cost of
firm i, and assuming that firms have the same marginal cost (MC; = MC). Multiplying
(5) by processor’s market share (Qy,i/Qw), and summing over the number of processors,

gains:

6) Pu(1+Om)=x(l+06/)Pi+MC

where, ® = X(Quw.i 0;)/Qw is industry conjectural variation elasticity, ranging from 0 to 1.
If ® = 0 processors are price takers in both input and product markets. If ® = 1, the
processing industry acts as a monopoly and/or a monopsony. If ® ranges between 0 and
1, oligopoly market power = - ®/n, and oligopsony market power = @/¢. Dividing both

sides of the (6) by (1 + ®/n), we obtain:

(7)  Py= {x (1 +0/e)/(1+0m)} Pr+MC/(1 +0OMm)

Equation (7) is a price mark-up equation. Marginal effect of farm price on wholesale

price is:

(8)  OPwlOPs=1x (1 +O/)/(1 +O/m)

The elasticity of price transmission (EPT) is computed by multiplying (8) by P+/P,,

(9)  EPT = (0Pw/dP)(PPw) = k (1 + ©/e)/(1 + /) (Pe/Py)

Replacing (7) Pw= {x (1 + ®/e)/(1 + ®/m)} Ps+ MC/(1 + ®/n) into (9), to get:
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(10) EPT=x (1 +®/g) P;/ (x (1 + O/c) Ps + MC)

The magnitude of elasticity of price transmission (EPT) depends on farm price, marginal
cost, farm supply elasticity, and market power. From the formula in (10) we infer that

EPT is between 0 and 1 (0 < EPT < 1), since all the elements in (10) are positive.
3.1 Asymmetric Price Transmission (APT)

Asymmetric price transmission refers to the phenomenon that the magnitude of
price transmission from farm price to wholesale price is different when farm price
increases and decreases. The effect of farm price on the elasticity of price transmission is

examined by taking derivative of (10) with respect to farm price (Ps):
(11)  JEPT/OPs= {k (1 + ©/e) MC}/{k (1 + ®/e) P+ MC}* >0

Partial derivative of elasticity of price transmission (EPT) with respect to farm price (Ps)
is positive, meaning that when Pt increases, EPT will increase, or when Ps decreases, EPT
will decrease. In other words, holding all else constant, when farm price increases, EPT
will be greater than when farm price decreases. Therefore, the transmission of farm price

to wholesale price is asymmetric.
3.2 Market Power and Price Transmission

The question is how market power affects the elasticity of price transmission and

its asymmetric level. Taking the derivative of (10) in respect ® to yield:

(12)  OEPT/6O = (k Ps MC/e)/ {x (1 + ®/) Ps+ MC}* >0
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The result shows that market power has a positive effect on price transmission. If
processors hold market power, price will be more effectively transmitted from farm gate
to wholesale market. The effect of market power on the symmetry of price transmission

is investigated by taking derivatives of (11) with respect to market power index (®):
(13)  A(GEPT/0P1)/0® = {k MC [MC - x (1 + ©/¢) Pf}/e}/{x (1 + ©/c) P; + MC}®

The sign of (13) is uncertain. If MC - « (1 + ®/¢) Ps > 0, market power increases the
level of asymmetry in price transmission; and if MC - k (1 + ®/¢) P < 0, market power
decreases the level of asymmetry in price transmission. And if MC - « (1 + ®/g) P; =0,
market power does not have an effect on the level of asymmetry in price transmission.
Market power helps catfish processors to extract more profit from catfish growers
and retailers. Therefore, catfish processors’ market power will cause reductions in
production volume at farm and wholesale market. Farm price will decrease while
wholesale price will increase. This means that wholesale-farm margin will be higher. In
other words, processors will gain, while producers, retailers, and consumers will lose.
The effect of asymmetry in price transmission on welfare is theoretically and empirically

unknown.

4. Empirical Estimations and Results

4.1 Testing for APT

The common equation employed to test price transmission is specified as:

(14) P"=ag + a*Pi" + ay*Z + &
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where, P! is output price or downstream price, P¢"is input price or upstream price, Z is

a vector of exogenous variables. The econometric estimation of (14) provides
information on price transmission from P™ to P®". The parameter a; is expected to be
significantl