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An Empirical Investigation of Interproduct

Relationships Between Domestic and

Imported Seafood in the U.S.

Youngjae Lee and P. Lynn Kennedy

This study seeks to identify interproduct relationships between domestic catfish and a rep-
resentative selection of imported seafood. In doing so, this study uses multivariate cointe-
gration and structural analyses. Multivariate cointegration analysis suggests that six imported
seafood product groupings form a common market with domestic catfish. Structural analysis
reveals that 1) domestic and imported catfish are net and gross quantity substitutes; 2) do-
mestic catfish and imported seafood are normal goods; 3) six imported seafood products are
identified as gross quantity substitutes for domestic catfish; and 4) according to the derived
Allais coefficients, interaction intensities of imported seafood for domestic catfish (from
greatest to least) are as follows: tuna, shrimp, salmon, tilapia, catfish, and trout.

Key Words: catfish, multivariate cointegration, quantity substitutability, seafood imports,
structural analysis

JEL Classifications: D12, F10, F11, F13

This study begins with two basic questions about

the U.S. seafood market. The first question is

‘‘Do domestic and imported seafood belong to

a common market?’’ The second question is

‘‘and if these two groups do belong to the same

market, how do they compete against each other

in that market?’’1 In this study, we seek to an-

swer both questions using domestic catfish and

a representative sampling of imported seafood

by using suitable econometric techniques as dis-

cussed subsequently.

The underlying economic concept of coin-

tegration is that market forces will prohibit

persistent deviation from interproducts’ long-

run behavioral path in the market (Bose

and McIlgorm, 1996; Dolado, Jenkinson, and

Sosvilla-Rivero, 1990; Harris, 1995). For exam-

ple, if the price of domestic catfish is consider-

ably higher than the price of imported catfish, it

would then be a reasonable assumption to sup-

pose that U.S. seafood consumers would shift

away from domestic catfish to imported catfish
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1 Stigler’s arbitrage-based definition of a market as-
sumes that prices of close substitutes move together
because arbitrage ensures that the law of one price holds
for close substitutes. However, although it is implicitly
assumed that substitution and arbitrage are the main
determinants in delineating a market, none of the previous
studies actually investigate the degree of substitutability.
Hence, the relationship between market delineation and
demand structure is still not properly addressed in the
literature (Asche, Salvanes, and Steen, 1997).
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subject to their budget constraint. Therefore, as

a result of this shift in consumer demand, the

price of domestic catfish will decline. This pro-

cess should prohibit persistent long-run de-

viations in the equilibrium, although significant

short-run deviations may occur. Consequently,

cointegration analysis provides a suitable frame-

work for analyzing the long-run price relation-

ships between domestic catfish and various

imported seafood products. Figures 1 and 2

show the short-run deviation between domestic

catfish and six representative imported seafood

groups used in this study from January 1989 to

December 2007.

The quantity elasticity provides essential

information needed in answering the second

question (i.e., interproduct competition). In

particular, cross-quantity elasticity will provide

information that serves to identify interproduct

relationships in the market. Because such elas-

ticities can be obtained through a system of in-

verse demand equations rather than a single

equation model, structural analyses would be

required. Previous studies have developed the

various specifications of inverse demand sys-

tems (Lee and Kennedy, 2008). These inverse

demand systems have often been used to esti-

mate quantity elasticities so as to assist in the

identification of substitutability among sea-

food (Eales, Durham, and Wessells, 1997; Park,

Thurman, and Easley, 2004).

This study was conducted as follows. In the

next section, two analytical methodologies,

cointegration and structural analyses, are reviewed

from an empirical perspective. This study then

discusses trends in U.S. seafood imports and

reviews how these trends relate to market be-

havior. Section four discusses the empirical re-

sults obtained from implementation of the two

underlying analytical methodologies. In the

final section, the article concludes with a dis-

cussion of limitations and potential future re-

search opportunities.

Analytical Methodology

Cointegration Analysis

The concept of cointegration expects time se-

ries variables to be nonstationary in behavior.

It also expects that monthly time series might

contain seasonal components. Therefore, it is

a prerequisite to examine seasonal unit roots

of the monthly price series for their inclusion in

the cointegration analysis. For a seasonal unit

root test, this study adopts the Hylleberg-Engle-

Granger-Yoo test procedure developed by

Hylleberg et al. (1990) as follows:

(1)

f Bð Þ�p13t5
X12

k51

pkpk,t�1 1 m0t 1 m1

1
X12

k52

mkSkt 1 et,

where pkt is a polynomial of monthly price

series in the backshift operator, t is a time

Figure 1. Long-Run Equilibrium and Short-Run Deviation Between the Prices of Domestic

Catfish (CADP) and Imported Catfish (CAIP), Trout (TRIP), and Tuna (TUIP)
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trend, m1 is a constant, Sk is a seasonal dummy,

and et is the white noise residual. To detect

a seasonal unit root at frequency, pk, we use

the t-statistics obtained by Equation (1). In using

the t-statistics, we test the null hypothesis, H0:

pk 5 0 (seasonal unit root). If the monthly price

series shows a seasonal unit root at a specific

frequency, then these series are nonstationary.

The condition of nonstationarity is necessary

for cointegration analysis.

To find the possible stationary linear com-

binations of nonstationary series, Johansen

(1988) and Johansen and Juselius (1990) de-

veloped the vector autoregressive (VAR) pro-

cedure. The VAR procedure overcomes some

problems that are encountered with a single

equation procedure, e.g., arbitrary selection of

the dependent variable and failure to identify

the number of cointegrating vectors for the

multivariate case (Bose, Bodmand, and Campbell,

2006; Engle and Granger, 1987). The VAR pro-

cedure is based on maximum likelihood within

a Gaussian autoregression and not only allows

a test of how many cointegrating relations there

are in a given system, but also allows hypotheses

tests regarding the space generated by the co-

integration vectors (Johansen, 1988).

Johansen (1988) and Johansen and Juselius

(1990) consider the following model:

(2) Dpt5
Xk

i51

GiDpt�i 1 Ppt�k�1 1 FSt 1 m 1 et,

where D is the first difference operator, pt is

a seven-dimensional vector of price variables

with lag order k 1 1, et are the independent,

normal innovations of the VAR process with

mean zero and nonsingular, covariance matrix

L, St are seasonal dummies, and m is an in-

tercept. P is a 7� 7 matrix of coefficients. Also

Gi 5 � I �P1 � . . .�Pið Þ for i 5 1, . . . ,k 2

1, and P 5 � I �P1 � . . .�Pkð Þ.
Equation (2) contains information on both

short- and long-run adjustment to changes in

pt through the estimation of Gi and P, re-

spectively. The coefficient matrix P contains

information about the long-run relationships

between the variables in the data vector. The

rank of Pk, r, determines how many linear

combinations of pt are stationary. If r 5 N, the

variables in levels are stationary; if r 5 0 so that

Pk 5 0, none of the linear combinations are

stationary. When 0 < r < N, there exist r co-

integration vectors. In this case, one can factor-

ize Pk;�Pk 5 ab9, where both a and b are (N�
r) matrices, b contains the cointegration vectors,

and a contains the adjustment parameters.

Johansen (1988) and Johansen and Juselius

(1990) show that it is possible to determine the

number of significant vectors using the likeli-

hood ratio (LR) test. Their proposed LR test for

the hypothesis that there are at most ‘‘r’’ co-

integrating vectors is given by:

(3) LR 5� T
XN

i5r11
ln 1� l̂i

� �
,

where l̂r11 . . . l̂N are the N-r smallest squared

canonical correlation coefficients between the

residuals (uit and vit in Equations [4] and [5],

Figure 2. Long-Run Equilibrium and Short-Run Deviation Between the Prices of Domestic

Catfish (CADP) and Imported Tilapia (TIIP), Salmon (SAIP), and Shrimp (SHIP)
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respectively) obtained by first regressing

Dpt t 5 1:2, . . . ,Tð Þ on its lagged differences as

follows:

(4)
Dpit 5 ai0 1 bi1Dpit�1 1 bi2Dpit�2

1 � � � 1 bikDpit�k 1 uit,

and then by regressing pt�k on the same regres-

sors as follows:

(5)
pit�k 5 a0i0 1 b0i1Dpit�1 1 b0i2Dpit�2

1 � � � 1 b0ikDpit�k 1 vit.

Here ‘‘i’’ represents a vector of N price vari-

ables. The asymptotic distribution of the LR

test statistic is given by a multivariate version

of the Dickey-Fuller distribution (Johansen and

Juselius, 1990). Full details for Johansen’s test

as to its theoretical background and application

are provided in Dickey and Rossana (1994).

Structural Analyses

Although multivariate cointegration analysis

indicates the existence of an integrated market,

long-run relation parameters, given by the

cointegration regression, are difficult to in-

terpret directly for the degree of substitutability

among products because they are not based on

a structural model (Asche, Salvanes, and Steen,

1997). This disadvantage of cointegration

analysis will be supplemented by structural

analysis. Based on utility maximization of

a given budget constraint, a structural model

provides the degree of substitutability among

products by which consumers maximize their

utility given income and can be measured when

market conditions change. Previous studies have

developed well-defined inverse demand sys-

tems such as the Differential Inverse Rotterdam

Demand System (DIRDS), the Differential In-

verse Central Bureau of Statistics (DICBS)

demand system, the Differential Inverse Al-

most Ideal Demand System (DIAIDS), and the

Differential Inverse National Bureau of Re-

search (DINBR) demand system to estimate

quantity elasticities. In this study, however, we

emphasize the concept of how inverse demand

systems can be used to obtain reliable estimates.

In an inverse demand system, monthly data are

more appropriate than annual or quarterly data

because, as Eales, Durham, and Wessells (1997)

discussed, when we model consumer demand

with high-frequency time series data, it is possible

that quantities consumed are predetermined.2

Now, let us summarize a representative sea-

food consumer’s behavior as follows:

(6) max
q

UðqÞ s.t.
X

i
piqi51.

As shown by Brown, Lee, and Seale (1995), the

solution of Equation (6) leads to the Differential

Inverse Generalized Demand System (DIGDS)

as follows:

(7)

wid ln pi 5 hi � u1wið Þd ln Q

1
X

j

hij � diju2wi 1 u2wiwj

� �
d ln qj,

where u1 and u2 are nesting parameters, dij is

the Kronecker delta, and d ln Q 5
P

i wid ln qi

is the Divisia volume index. The following

restriction on parameters of Equation (7) hold:

(8)
X

i

hij � diju2wi 1 u2wiwj

� �
5 0: adding up,

(9)
X

i

hi � u1wið Þ5� 1: adding up,

(10)

X
j

hij � diju2wi 1 u2wiwj

� �
5 0:

homogeneity, and

(11)
hij � diju2wi 1 u2wiwj

� �

5 hji � djiu2wj 1 u2wjwi

� �
: symmetry.

Scale and quantity elasticities at means, qi 5 �q,

can be derived from Equation (7). These elas-

ticities are as follows:

(12) mi 5 hi=wi � u1: scale elasticity,

(13)
hc

ij 5 hij=wi � diju2 1 u2wj:

compensated quantity elasticity, and

(14)
hij 5 hc

ij 1 wjmi:

uncompensated quantity elasticity.

2 We investigated the predeterminedness of monthly
quantities supplied with a pair of Wu-Hausman tests;
see Hausman (1978), and Thurman (1986), and Wu
(1973) for discussions of the tests. The test statistics
could support the null hypothesis of predetermined
quantities.
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The other nested models can be obtained by

restricting u1 and u2 appropriately in Equation

(7) as follows:

(15)
wid ln pi 5 hid ln Q 1

X
j

hijd ln qj

DIRDS for u1 5 0 and u2 5 0,

(16)
wid ln

p�i
P

5 cid ln Q 1
X

j

hijd ln qj

DICBS for u1 5 1 and u2 5 0,

(17)
dwi 5 cid ln Q 1

X
j

cijd ln qj

DIAIDS for u151 and u251,

(18)
dwi � wid ln Q 5 hid ln Q 1

X
j

cijd ln qj

DINBR for u1 5 0 and u2 5 1,

where ci 5 hi 1 wi, cij 5 hij 1 dijwi � wiwj, d ln

P 5
P

i wid ln pi is the Divisia price index, and

p�i is the non-normalized price.

The conditions of adding up, homogeneity,

and symmetry for these four nested models can

be directly redefined by restricting parameters

u1 and u2 in Equations (8), (9), (10), and (11). It

is also straightforward to obtain scale elastici-

ties and compensated/uncompensated quantity

elasticities for DIRDS, DICBS, DIAIDS, and

DINBR models by restricting u1 and u2 in

Equations (12), (13), and (14).

U.S. Seafood Imports

In 2006, U.S. imports of seafood were valued

at $13.4 billion, amounting to $6.7 billion more

than 1996 seafood imports, implying that

a 100% increase in the value of seafood imports

took place over the past decade. The volume of

seafood imports was 2.45 million metric tons,

representing an increase of 1.01 million metric

tons from 1996. This increase amounts to a

70% increase in import volume over the same

10-year span. Because the rate of increase for

import value is greater than import volume,

imported price has increased from $4.65/kg in

1996 to $5.47/kg in 2006. In 2006, seafood

imports consisted of 2 billion kilograms of

fresh and frozen products valued at $11.7 billion,

328 million kilograms of canned products val-

ued at $1.3 billion, 40 million kilograms of

cured products valued at $206.5 million, 3.3

million kilograms of caviar and roe products

valued at $32.4 million, and 24 million kilo-

grams of other products valued at $119.4 million,

respectively.

From 1996 to 2006, the amount of U.S.

seafood imports has increased continuously

with relatively little fluctuation in total volume

and/or value. Shrimp imports were $4.1 billion

and 0.590 million metric tons in 2006, repre-

senting increases of 67% for value and 123%

for quantity from 1996. The unit price of

imported shrimp decreased from $9.30/kg to

$6.97/kg during this period of time (1996–

2006). Shrimp imports accounted for 31% of

the value and 24% of the quantity of total

seafood imports in 2006. Salmon imports were

$1.5 billion and 0.242 million metric tons in

2006, representing increases of 278% for value

and 190% for quantity from 1996. Unlike that

of shrimp, the unit price of imported salmon

increased from $4.93/kg to $6.43/kg during this

10-year period of time. Salmon imports

accounted for 11% of the value and 10% of the

quantity of total seafood imports in 2006. Tuna

imports were $0.9 billion and 0.275 million

metric tons in 2006. Although the value of tuna

imports increased by 48% during this 10-year

period, the quantity of tuna imports was steady

or had slightly decreased. Consequently, the

unit price of imported tuna increased from

$2.28/kg to $3.39/kg during this period. Tuna

imports accounted for 7% of value and 11% of

quantity of total seafood imports into the U.S.

in 2006.

Although the import quantity and value of

catfish, trout, and tilapia are relatively small

compared with shrimp, salmon, and tuna, the

U.S import growth rates of catfish, trout, and

tilapia were much larger than those of shrimp,

salmon, and tuna during this sample period of

time. The U.S. import trends of catfish, trout,

and tilapia are shown to be similar to that of

salmon imports, which represent both import

value and quantity increase but the increase in

value is greater than the increase in quantity so

that the unit price of imports have increased

during this time period. Catfish imports were

$111 million and 34,000 metric tons in 2006,

representing increases of 35-fold for value and

Lee and Kennedy: Interproduct Relationships Between Domestic and Imported Seafood 635



30-fold for quantity from 1996. Tilapia imports

were $483 million and 158,000 metric tons in

2006, representing increases of 11-fold for

value and eightfold for quantity from 1996.

Trout imports were $22 million and 6.9 thou-

sand metric tons in 2006, representing increases

of 313% for value and 225% for quantity from

1996.

Empirical Results

Data Description

Our analysis includes five fin fish species

(catfish, trout, tuna, tilapia, and salmon) and

one crustacean species (shrimp). We obtained

monthly price and quantity data for each of

these products from January 1989 to December

2007 from different sources. Price and quantity

data for domestic catfish (round weight pro-

cessed) come from the National Agricultural

Statistics Service. Quantity and value data for

imported seafood are obtained from the Na-

tional Marine Fisheries Service. The unit prices

of imported seafood are obtained by dividing

the total value by volume of imports. The

obtained quantity and price data represent an

actual quantity amount (i.e., kilograms) and

actual price (i.e., $/kg). Before using these ac-

tual data in both cointegration and structural

analysis, we normalize price and quantity data

by following the method as suggested by Lee

and Kennedy (2009). The descriptive statistics

for both the normalized budget share and

quantity are summarized in Table 1.

Cointegration Analysis

Table 2 presents the results of the seasonal unit

root tests for the individual price variable. We

use log normalized price series, ln pi, rather

than normalized price series, pi, to test for

seasonal unit roots of the seven individual

monthly price series in Equation (1). The re-

gression equations include an intercept, time

trend, and 11 seasonal dummy variables. To

test individual seafood products for seasonal

price series unit roots at frequency, pk, we used

t-statistics that were obtained from Equation

(1). Based on the test results, we reject the null

hypothesis of seasonal unit roots for nonzero

frequency, pk 6¼1, at the 1% level, but we fail to

reject the null hypothesis in the case of zero

frequency, p1, because all p1 statistics are

greater than the critical value. We also use the

F-test suggested by Beaulieu and Miron (1993).

The test results strongly reject the null hy-

pothesis because all the calculated F-values are

higher than the critical values along with the

fact that p2 and at least one member of each

of the subsets of test statistics podd,pevenf g are

significantly different from zero. Thus, overall

test results indicate that the price series do not

contain any seasonal unit roots at any seasonal

frequency other than zero. Therefore, these

series are nonstationary (a necessary condition

for cointegration analysis).

This study uses the LR test to determine the

number of cointegration vectors among seven

fish price series. Test results are reported in

Table 3. Test results indicate that there are six

Table 1. Shares and Variation in Budget and Quantity of Seven Seafoods: January 1989 to
December 2007

Type

Budget Share Quantity Share

Mean Minimum Maximum Mean Minimum Maximum

Catfish (D)a 0.21848 0.11464 0.30966 0.22546 0.12854 0.31868

Catfish 0.00270 0.00000 0.02381 0.00497 0.00001 0.03965

Trout 0.00170 0.00039 0.00447 0.00267 0.00051 0.00868

Tuna 0.13138 0.06189 0.33388 0.28160 0.11767 0.59017

Tilapia 0.01947 0.00011 0.07559 0.04033 0.00047 0.13569

Salmon 0.11324 0.04980 0.23292 0.11531 0.03774 0.21596

Shrimp 0.51304 0.35346 0.65401 0.32966 0.17373 0.48617

a (D) represents domestic product.
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cointegrating vectors because the null hypoth-

esis, r 5 6, cannot be rejected at the 1% level

of significance. This finding implies that all

imported seafood products considered within

this study comprise a common market with

domestic catfish.

Quantity Substitutability

To measure the degree of quantity sub-

stitutability among these cointegrated seafood

products, this study conducts structural analy-

sis. We first seek to identify what specification

of the inverse demand models best fit the data

used in this study. To do this, we test the nesting

parameters, u1 and u2, estimated using the

DIGDS model. In doing so, Equation (7) is

modified as an empirical form as follows:

(19)

�witD ln pit 5 hiD ln Qt 1
X

j

hijD ln qjt

� u1 �witD ln Qt

� u2 �witD ln qit=Qtð Þ1 ai 1 eit,

where D ln pit 5 ln pit � ln pit�12 represents sea-

sonally adjusted series, �wit 5
wit 1 wit�12

2 rep-

resents 2-year moving average of monthly

budget share, and ai is constant. The estimated

nesting parameters are tested according to the

restrictions in Equations (15) through (18). The

test results, reported in Table 4, show that the

DIGDS model could not be reduced to one of

the nested models. These results are similar to

those found by other previous studies in quite

different empirical applications (Brown, Lee,

and Seale, 1995; Eales, Durham, and Wessells,

1997; Park, Thurman, Easley, 2004).

Following Lee and Kennedy (2008), we test

the statistical validity of the models directlyT
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Table 3. Results of the Likelihood Ratio Test

Eigenvalue

Likelihood

Ratio Ho:r F-Value Pr > F

1.0077 0.1639 1 8.46 0.0001

0.5474 0.3291 2 6.73 0.0001

0.4427 0.5093 3 5.69 0.0001

0.1641 0.7348 4 3.92 0.0001

0.0997 0.8553 5 3.48 0.0004

0.0624 0.9406 6 3.03 0.0175
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using Equations (15) to (18) and did not detect

a superior model among the four different

models. However, this study finds that the

negativity condition is satisfied in the DIRDS,

DICBS, and DIGDS models.

In the second step, we seek to estimate scale

and quantity elasticities. In doing so, we used

the previous test results. For example, because

the negativity condition is satisfied in the

DIRDS, DICBS, and DIGDS models (Barten

and Geyskens, 1975), we determine whether

these three models satisfy the negativity of scale

effect. Among these three models, DIRDS is

perfectly satisfactory in this regard.

Based on this result, this study uses the DIRDS

model to estimate elasticity coefficients. In the

estimation procedure, we impose homogeneity

and symmetry restrictions on the econometric

regressions of the model. Although the DIRDS

model using these data did not show problems

related to singularity in the residuals matrix, we

delete one equation in the system to ensure

freedom from singularity in the residuals matrix

obtained from the SUR (Seeming Unrelated

Regression) econometric model. Equation (15)

is slightly modified for estimation as follows:

(20) �witD ln pit5hiD ln Qt 1
X

j

hijD ln qjt 1 ai 1 eit.

After estimating elasticity coefficients, hi and

hij, we calculate scale elasticity, compensated

quantity elasticity, and uncompensated quantity

elasticity using Equations (12), (13), and (14),

respectively.

Finally, we estimate the Allais coefficients

to measure the intensity of substitutable in-

teraction among these seafood products by

using the following equations:

(21)
aij 5 hij=wiwj � hrs=wrws 1 hi=wi � hr=wrð Þ

1 hj=wj � hs=ws

� �
,

and

(22) aij 5 aij=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
aiiaij

� �q
,

where subscripts r and s refer to some standard

pair of goods r and s and are included so we can

compare the relative strength of substitutability

between the pair i and j and the standard pair

r and s (Barten and Bettendorf, 1989).

Table 5 presents quantity and scale elasticity

coefficients estimated by the DIRDS model

with statistical results of R2 for the system

model’s goodness-of-fit and t-statistics. The

system R2 is 0.9545 for the DIRDS model, in-

dicating that this model explains the variation

of the price-dependent variable. The t-statistics

show that most estimated quantity and scale

elasticity parameters are significantly different

from zero at the 5% level. The own quantity

elasticity parameters are negative and signifi-

cantly different from zero at a 5 0:05 except

for imported tuna. Of 21 cross-quantity elas-

ticity parameters, nine are significantly differ-

ent from zero at a 5 0:05. All seven scale

elasticity parameters are significantly different

from zero at a 5 0:05.

The elasticity coefficients have been trans-

formed into scale and quantity elasticities using

Equations (12) to (14), in which u1 5 0 and

u2 5 0. Table 6 shows compensated quantity

elasticities and scale elasticities. Compensated

quantity elasticities represent net effect of

quantity on price, whereas scale elasticities

represent effect of expenditure on price in this

system. The results show three interesting facts

related to U.S. seafood imports.

First, results show that the estimated com-

pensated quantity elasticities are very inelastic.

Tomek and Robinson (1990) define the re-

lationship between quantity and price elastici-

ties as the inverse relationship, which is defined

as follows:

Table 4. Restrictions on the Generalized Model
That Yields Alternative Functional Forms

Models

Restrictions Test Results

u1 u2 F-Value Pr > F

DIRDS 0 0 65.23 0.0001

DIAIDS 1 1 3144.22 0.0001

DICBS 1 0 304.66 0.0001

DINBR 0 1 2698.34 0.0001

DIRDS 5 Differential Inverse Rotterdam Demand System;

DIAIDS 5 Differential Inverse Almost Ideal Demand Sys-

tem; DICBS 5 Differential Inverse Central Bureau of Statis-

tics; DINBR 5 Differential Inverse National Bureau of

Research.
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(23) Fii5
1

Eii
5

DPi

DQi

� Qi

Pi
, and

(24) Fij5
1

Eji
5

DPi

DQj

�
Qj

Pi
,

where Fii and Fij represent own- and cross-

quantity elasticities and Eii and Eji represent

own- and cross-price elasticities between goods

i and j. Thus, if own-quantity elasticity is less

than one, in absolute value, own good demand

is elastic. If the cross-quantity elasticity, Fij, is

less than one in absolute value, demand for

good j is greatly influenced by a small change

in the price of good i. Therefore, the results of

this study indicate that demand for these sea-

food products is very elastic and the cross-price

effect on quantity will be greater than one. This

result is consistent with those of Barten and

Bettendorf (1989), Lee and Kennedy (2008),

and Park, Thurman, and Easley (2004). How-

ever, the quantity elasticity in empirical de-

mand models implies that price is a function of

the quantity of the particular product as well

as the quantities of substitutes. In contrast, the

usual demand function makes quantity a func-

tion of the price of the product as well as other

products’ prices. Because different variables

are held constant in the equations, the re-

ciprocal of the quantity elasticity is not always

a good approximation of the price elasticity

(Huang, 1994, 1996; Eales, 1996). As Houck

(1965) indicated, the reciprocal of the quantity

elasticity equals the price elasticity only if the

cross-quantity elasticities are zero.

Second, two goods i and j are net quantity

complements if hc
ij > 0 and net quantity sub-

stitutes if hc
ij < 0. Consistent with expectations,

domestic and imported catfish are net sub-

stitutes.3 Trout and tuna are also net quantity

substitutes for domestic catfish, whereas tila-

pia, salmon, and shrimp are net quantity com-

plements for domestic catfish.

Finally, for a normal good, a change in

quantity has a negative scale effect, i.e., mi < 0.

Results reveal that domestic catfish and the other

imported seafood products are normal goods.
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3 Ligeon, Jolly, and Jackson (1996) demonstrated
decreasing quantities of imported catfish if domestic
prices decrease relative to import prices.
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Table 7 shows uncompensated quantity

elasticities. Uncompensated quantity elasticity

represents the gross quantity effect on price,

which is the sum of net quantity and scale

effects. Therefore, the uncompensated inverse

demand of a normal good is more quantity

elastic than compensated inverse demand. As

seen in Table 7, the seven own uncompensated

quantity elasticities are more elastic than those

of own compensated quantity elasticities. Not

only are imported catfish, trout, and tuna but

also imported tilapia, salmon, and shrimp are

gross quantity substitutes for domestic catfish,

which is a result of the negative scale elastici-

ties of these seafood products.

To calculate the Allais coefficients, this

study selected imported catfish and imported

trout as the standard pair of goods r and s, re-

spectively. This selection causes all other Allais

interactions to become negative, implying a

stronger degree of substitution between the two

commodities i and j as compared with the

standard pair of goods r and s (imported catfish

and imported trout). For example, the Allais

coefficient between domestic and imported

catfish is – 0.786. This result implies that the

substitutionary relationship between domes-

tic and imported catfish is stronger than that

between imported catfish and trout. Therefore,

by comparing the magnitude of the coefficients,

we can identify the intensity of substitutable

interaction between these seafood products. For

example, the Allais coefficient between domes-

tic catfish and imported shrimp is –0.978, which

is less than the coefficient between domestic and

imported catfish (see Table 8). Therefore, we

determine that shrimp is a stronger substitute

for domestic catfish than is imported catfish.

According to the results of this analysis, do-

mestic catfish is the strongest substitute for its

own good because the Allais coefficients be-

tween domestic catfish and each of the six

imported seafood products are greater than –1.

For domestic catfish, tuna, shrimp, and salmon

display relatively strong interaction intensities,

whereas imported catfish, trout, and tilapia

show relatively weak interaction intensities.

Conclusions

The purpose of this study was to identify

interproduct relationships between domestic

catfish and six representative imported seafood

products. In doing so, this study uses two dif-

ferent methodologies. At first, this study uses

multivariate cointegration analysis to determine

Table 6. Compensated Quantity and Scale Elasticities

Catfish (D) Catfish Trout Tuna Tilapia Salmon Shrimp dlnQ

Catfish (D) –0.080 –0.003 –0.011 –0.001 0.019 0.024 0.052 –0.998

Catfish –0.252 –0.033 0.026 0.002 –0.048 0.035 0.272 –0.857

Trout –1.378 0.041 –0.171 0.031 0.025 0.148 0.346 –1.083

Tuna –0.002 0.000 0.000 0.000 0.000 0.001 0.001 –0.015

Tilapia 0.209 –0.007 0.002 –0.001 –0.091 0.018 –0.088 –1.053

Salmon 0.046 0.001 0.002 0.001 0.003 –0.194 0.145 –1.087

Shrimp 0.022 0.001 0.001 0.000 –0.003 0.032 –0.055 –0.977

Table 7. Uncompensated Quantity Elasticities

Catfish (D) Catfish Trout Tuna Tilapia Salmon Shrimp

Catfish (D) –0.298 –0.006 –0.012 –0.132 –0.001 –0.089 –0.460

Catfish –0.439 –0.036 0.024 –0.110 –0.065 –0.062 –0.168

Trout –1.614 0.038 –0.173 –0.111 0.004 0.026 –0.210

Tuna –0.005 0.000 0.000 –0.002 0.000 –0.001 –0.007

Tilapia –0.021 –0.010 0.000 –0.139 –0.112 –0.102 –0.628

Salmon –0.192 –0.002 0.000 –0.142 –0.018 –0.317 –0.413

Shrimp –0.191 –0.001 –0.001 –0.128 –0.022 –0.079 –0.556
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whether domestic and imported seafood belong

to a common market. Multivariate cointegration

analysis is preceded by a seasonal unit root test.

The multivariate cointegration analysis indicates

that six imported seafood products form one

common market along with domestic catfish.

Second, this study uses inverse demand sys-

tems to identify the degree of quantity substi-

tutability. Consistent with a priori expectations

regarding substitutability, domestic and im-

ported catfish are actually net and gross quan-

tity substitutes. The scale elasticities show that

all seven seafood products considered in this

study are normal goods. For domestic catfish,

imported tilapia, salmon, and shrimp are net

complements, whereas they are gross quantity

substitutes.

Finally, this study calculates the Allais co-

efficients to determine the intensity of sub-

stitutable interaction between domestic catfish

and a representative sampling of imported

seafood. According to the results, imported

salmon, tuna, and shrimp show strong quantity

substitutability for domestic catfish. In con-

trast, imported catfish, trout, and tilapia show

relatively weak quantity substitutability for

domestic catfish.

One finding that should be noted in this

study is that the U.S. domestic catfish industry

can be more negatively influenced by imports

of major seafood products such as salmon,

tuna, and shrimp than from imports of catfish.

However, few studies have had the ability to

identify consumer behavior with respect to

seafood consumption in the U.S. seafood mar-

ket. Additional studies of this nature would aid

policymakers by helping them to better un-

derstand the environment in which domestic

seafood policy and trade policy interact.

[Received January 2009; Accepted April 2010.]
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