
In the previous section, we argued that trends in mar-
ket data reflect structural change, and found evidence
of both deterministic and stochastic trends in key vari-
ables associated with seven U.S. markets. In addition,
we found evidence that markets distribute these trends
across consumers and food producers. Despite the
claim that food markets may have undergone a
sequence of permanent changes over time, we show in
this section that market-clearing provides mostly stable
longrun retail and farm price relationships.

The stochastic trends embedded in the variables of
equations 1 require us to deviate from textbook estima-
tion procedures. As stated above, such procedures fail
to account for a non-zero correlation (at any lag)
between the first difference of an explanatory variable
(i.e., the fundamental error terms of the variables) and
a cointegrated model’s stationary error terms. This cor-
relation is present in all but the simplest class of coin-
tegrated models. While it does not destroy the consis-
tency of parameter estimates, the correlation does
destroy the asymptotic normality of the estimates and
renders textbook formulas for the c2, F, and t tests
invalid for inference. 

Park (1990, 1992) and Park and Ogaki transform vari-
ables of cointegrated regressions based on this correla-
tion. Their transformations reduce general, cointegrat-
ed regressions to the simple (or canonical) class of
cointegrated regressions in which first differences of
explanatory variables are not correlated with regres-
sion errors. The procedure is to first transform the vari-
ables of a cointegrated regression and then to apply
textbook procedures to the transformed regressions.
The canonical cointegrating regression (CCR) estima-
tor applies OLS to a transformed single equation (Park
1990). We used the CCR estimator in the previous sec-
tion to compute Park’s variable addition test of the null
of cointegration (Park 1992). In this section we again
use the CCR estimator to compute a variable addition
test of oligopsony power. In addition, we apply the
seemingly unrelated regression (SUR) estimator to a
transformed, seven-equation consumer demand sys-
tem, and to the cointegrated quasi-reduced-form retail
and farm price equations (i.e., equations 1) for each
industry. This two-step estimator, termed the seeming-
ly unrelated canonical cointegrating regression estima-
tor (SUCCR), provides us with unbiased estimates of
market structure and asymptotically-correct inference
on tests of market power and constant returns in multi-

ple equation systems (Park and Ogaki). We refer inter-
ested readers to Park, and to Park and Ogaki for details
on the transformations that we use to compute the esti-
mates presented in this section. 

Consumer Demand 

Kinsey and Senauer argue that changing trends in
consumer behavior lead to a changing structure of the
food sector. Cointegrated, market-clearing relation-
ships would reflect the transmission of trends from
consumers. To capture trends in consumer demand,
we specify and estimate a consumer demand system
for the seven industries. In this section, we discuss
the specification of the seven-equation consumer
demand system.  

Appendix table 1 presents point estimates and t-values
of the seven-equation system of composite per-capita
demand. To construct the empirical consumer demand
model, we used logged data on per-capita consumer
disappearance as proxies for the seven dependent per
capita consumption variables, and deflated all prices
and income (explanatory variables) by the price of
other nonfarm inputs (to ensure homogeneity of the
market-clearing conditions). Based on Dickey-Fuller
and Phillips-Perron tests, we could not refute the null
that virtually all of the logged variables of the con-
sumer demand system are unit root non-stationary
around a deterministic trend. In addition, we found
evidence that the individual consumer demand equa-
tions are cointegrated. Next, we imposed the symmetry
and homogeneity restrictions (e.g., Deaton and
Muellbauer, p. 43-46; Silberberg, p. 250-253) at the
mean of the sample, and report the restricted point
estimates in appendix table 1. The restricted estimates
were then used to construct the demand shifters,ln Zj,
for each industry j (equation 2), and to compute full
reduced-form price responses reported below.17
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Further Empirical Results

17 We are aware of the problem with incorporating the adding-up
condition on this double-log specification (Deaton and Muellbauer,
p. 17), and are aware of the conceptual problem of using farm-
level disappearance data as the dependent variable of the system
(WH).  Our purpose here is to compute only approximate values of
the shifters on consumer demand.  



Tests of Competition and Constant Returns 

Table 3 reports the c2 and p-values associated with
symmetry, constant returns or zero profits for the
industry, and the joint restrictions of symmetry and
constant returns for the seven industries. Failure to
refute symmetry suggests food firms take both output
and farm ingredient prices as given. Failure to reject
constant returns for the industrysuggests that free
entry and exit of diverse firms result in zero longrun
profits. Failure to refute the joint hypotheses of sym-
metry and constant returns suggests that, in the long
run, a 1-percent increase in the price of a farm com-
modity results in an increase in the price of a compos-
ite food category by a percentage equal to the cost
share of the farm commodity used in producing the
food category. 

The symmetry (only) and constant returns (only) test
results provide evidence of longrun competition. In
particular, the symmetry test fails to refute (at the 0.05
level) the longrun competitive model for the beef,
dairy, eggs, fresh fruit, and fresh vegetable industries.
The constant returns test fails to refute the longrun
competitive model for poultry, fresh fruit, and fresh
vegetables. It is worth repeating that this general find-
ing of competitive markets takes into account the
many permanent changes that may have occurred in
these markets over time. 

Furthermore, our tests reject the joint restriction of
symmetry and constant returns for all industries except
fresh fruit and fresh vegetables. The results suggest
that estimates of elasticities of farm price transmission
to retail apply only to markets in which final products
undergo a minimal amount of food processing. 

The general finding of competitive markets is consis-
tent with WH and Wohlgenant’s (1989, 1994, 1996)
findings. On the one hand, we expect our findings to
be similar because the model structures and data are
very much the same.18 On the other hand we expect
differences because of the different estimation proce-
dures. While our approach exploits deterministic and
stochastic trends in market data, the cited works
remove stochastic trends through a first-difference
transformation prior to estimation. In comparing the
procedures using the same retail and farm price equa-
tions, Reed and Clark find that one fails to reject para-
metric restrictions more often using a first-difference
specification of an econometric model.19 The reason is
if the explanatory variables are integrated, a first-dif-
ference transformation removes the dominant, longrun
component of the variance of the variables. Hence, if
the variables are integrated, a first-difference filter
would inflate the variance of parameter estimates and
could reduce the likelihood of rejecting any parametric
restrictions. It is noteworthy that we reject both the
symmetry and the joint restriction of symmetry and
constant returns more often than the cited works.

Oligopsony Power

In a previous section, we reviewed the theory used to
test for oligopsony power. If food firms exert oligop-
sony power in acquiring farm ingredients, a gap would
exist between the farm price and the value of the mar-
ginal product of farm ingredients at the market level.
Shifters on the farm supply associated with the jth
market,Sj, would explain this gap. Recall from above
that under the null hypothesis of food producers taking
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Table 3 � Tests of symmetry and constant returns

Symmetry Constant Symmetry and
only returns only constant returns

Beef and veal 0.4773 87.9159 97.2574
(.490) (0.00) (.000)

Pork 94.9740 34.3050 98.0828
(.000) (0.00) (.000)

Poultry 26.1533 4.0383 39.4573
(3E-7) (.133) (1E-8)

Eggs 0.0381 223.52 255.7759
(.845) (0.00) (0.00)

Dairy 0.9081 48.6256 49.1519
(.341) (0.00) (.000)

Fresh fruit 2.1428 4.7536 4.7871
(.143) (.093) (.188)

Fresh vegetables 1.7731 0.8505 6.0862
(.183) (.654) (.107)

Values are chi-square statistics. Values in parentheses are p-values,
or the size of the rejection region necessary to reject the null
hypothesis. 

18 We are aware that the model specifications for eight industries
in Wohlgenant (1989, 1994) include only a single nonfarm input
price. The model specification for beef and pork (only) used in his
1996 paper is similar to the specification used here, as it includes
the same four nonfarm input prices. Furthermore, our work uses a
different deflator to impose homogeneity.

19 The study controls for differences in the data and model 
specifications. 



farm prices as given, no gap exists and the retail-farm
price relationship is 

(3¢)  Prj = Bf
(j) Pfj + Bw

(j) W + Bz
(j) Zj + vr .

Under the alternative of oligopsony power, the retail-
farm price relationship is

(4¢)  Prj = Bf
(j) Pfj + Bw

(j) W + Bz
(j) Zj + Bs

(j)¢ Sj + vr .

A test of whether firms acquire farm commodities
competitively in national markets reduces to a test of
the restriction Bs

(j)¢=0. 

The usual chi-square tests of statistical significance of
the Sj variables would be reliable only if the variables
of equation 3¢ and the Sj would be stationary. Because
we found evidence that both sets of variables are inte-
grated, we proceed as follows. Under the null hypothe-
sis of price-taking, equation 3¢ is cointegrated and its
error terms are stationary, and the variables of equation
3¢ are transformed to account for the correlation
between first differences of explanatory variables and
the model error terms (Park 1990, 1992). Under the
null, the integrated (untransformed) Sj variables would
be independent of the stationary error terms of equa-
tion 3¢, and Bs

(j)¢=0. Under the alternative of oligop-
sony power, the error terms of equation 3¢ would be
integrated, and this price-taking relationship would be
spurious. In this case, the integrated Sj variables and
the integrated error terms of equation 3 would not be
independent and in generalBs

(j)¢¹¹¹¹ 0. Rather than test-
ing for the statistical significance of Sj, chi-square tests
of Bs

(j)¢=0 represent a test of whether the price taking
model is cointegrated or correctly specified against the
alternative that the oligopsony power relationship is
correctly specified (Park 1992).

Table 4 reports the chi-square and p-values computed
from the transformed regressions. The results report
the statistics associated with one integrated, industry-
specific farm supply shifter (S1) and both integrated,
industry-specific farm supply shifters (S1 & S2).

20 The
results are based on a specification that includes a con-
stant and a deterministic time trend. At reasonable lev-

els of rejection, we fail to reject the null that in nation-
al markets, the seven food industries acquire farm
ingredients competitively.

Longrun Industry Structure

Table 5 presents SUCCR estimates of the parameters
of equations 1 for the seven food markets. Although
they account for a negative own-price consumer
response, they are conditioned on shifters of consumer
demand (i.e.,ln Z). Hence, the estimates would not
account for particular shifts in consumer demand
induced by endogenous changes in relative retail prices
among the seven composite markets. However, by con-
trolling for such shifts, the ‘quasi’ reduced-form esti-
mates of equations 1 provide information on industry
structure. Given evidence of permanent change and
cointegration presented above, the results in table 5
represent longrun estimates of industry structure. 

Theory predicts a negatively sloped, longrun industry
demand for farm ingredients. In terms of equations 1,
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Table 4 � Tests of competition in acquiring farm
commodities

S1 S1 & S2

Beef and veal 1.2377 1.3832 
(.266) (.501)

Pork 0.0443 2.4686
(.833) (.291)

Poultry 0.0538 0.2956
(.816) (.862)

Eggs** 0.1994
(.655)

Dairy 0.1294 0.2022
(.719) (.904)

Fresh fruit 2.5509
(.110)

Fresh vegetables 0.2176
(.641)

Entries are c2 values and values in parentheses are significance
levels.  The sets of supply shifters on farm supply are as follows
(see Appendix for data series definitions): Beef: S1 is steers, S1 &

S2 are steers and corn price; Pork: S1 is hog inventories, S1 & S2

are hog inventories and corn price; Poultry: S1 is the price of soy-

bean meal, S1 & S2 are the price of soybean meal and corn price;

Eggs: S1 is laying flock; Dairy: S1 is cow numbers and S1 & S2 are

cow numbers and  price of soybean meal; Fresh fruit: S1 is farm

wages; Fresh vegetables: S1 is farm wages. 

**Sample interval is 1960-97.

20 The industry-specific shift variables on farm supply are defined
in the appendix. For the test to be meaningful, the variables must
be integrated. We could not refute the claim of integrated farm
supply shifters. Furthermore, because the null hypothesis is that
equation 3¢ (and not equation 4¢) is cointegrated, the Sj variables
are not transformed.
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theory predicts Aff < 0. The negative estimates of Aff
for each of the seven markets are statistically different
from zero. The estimates describe downward sloping,
industry-level demand schedules for farm ingredients. 

The theory of diverse firms in a competitive market
predicts that positive shifts in the consumer demand
function trace an upward sloping, longrun industry
supply schedule. In terms of equations 1, theory pre-
dicts Arz > 0. The estimates of Arz are positive for all
seven markets, and except for fresh fruit and fresh veg-
etables, they are statistically different from zero at rea-
sonable levels of rejection. 

The theory of competitive markets predicts that if farm
ingredients are normal factors of production, a contrac-
tion in farm supply raises consumer food prices. In
terms of equations 1, theory predicts Arf < 0. The esti-
mates of Arf are negative for each of the seven indus-
tries, and are statistically different from zero. Theory
also predicts that if farm ingredients are normal,Afz >
0. The estimates of Afz are positive for all seven mar-
kets and are statistically different from zero. Negative
estimates of Arf and positive estimates of Afz suggest
the aggregate farm ingredients are normal factors of
industry production.

The estimates presented in table 5 suggest some mar-
keting factors are inferior to a number of industries.
Negative signs on elements of Arw suggest the particu-
lar factor is inferior and that the supply response of
inframarginal firms exceeds that of marginal firms. For
example, the results suggest transportation is an inferi-
or factor for the beef and pork industries. The esti-
mates may indicate that for the U.S. pork industry,
changes in vertical coordination have allowed the
inframarginal firms in the Southeast United States to
economize on the transportation of hogs. The estimates
also suggest that labor is an inferior factor for the fresh
fruit and fresh vegetable industries.

The results presented in table 5 also point to some
nonfarm inputs that appear to be normal across indus-
tries. The positive signs on the Arw coefficients associ-
ated with the price of packaging suggest that packag-
ing is a normal factor for all seven industries. This
may reflect the notion that consumers value the conve-
nience associated with the packaging of food products,
and suggests that consumers would be willing to pay
more for packaging through higher food prices.
Furthermore, labor appears to be a normal factor of
production for four of the seven industries. 

Input Substitution

The variety of consumer products and diversity of
firms within a composite industry (e.g., fresh fruits)
provide evidence of variable-proportions at the market
level (e.g., WH, Wohlgenant [1999]). Refutation of
restrictions implied by fixed-proportions analyses pro-
vides additional evidence. 

The diversity of a composite industry’s products sug-
gests that production processes vary across firms. Meat
products, for example, vary by the amount of process-
ing. Manufacturers of processed meat products would,
for example, utilize higher proportions of nonfarm
ingredients (e.g., packaging, energy) than manufactur-
ers of fresh meat products. An increase in the price of
nonfarm inputs relative to farm inputs would, there-
fore, raise longrun average and marginal costs for
manufacturers of processed products more than for
manufacturers of fresh products.21 In terms of meat
industry supply, the quantity of manufactured products
would fall relative to fresh products. In terms of input
demand, the reduction in the supply of manufactured
products relative to fresh products means that the ratio
of nonfarm inputs to farm inputs demanded by the
industry falls in response to an increase in the relative
price of nonfarm inputs.

WH (p. 21) formally show that if firms are diverse, an
industry’s input price response can be decomposed
into a substitution and an output effect in precisely the
same manner as one could decompose the response of
a single firm with a variable proportions production
technology. Wohlgenant (1999) illustrates the pres-
ence of input substitution directly for a composite
industry producing heterogeneous final food products.
All that is required is that production functions differ
across firms. These results imply that even if each
firm in an industry produces its specific product in
fixed-input proportions, if these proportions vary
across firms, variable-proportions relationships apply
at the market level. 

Test results presented in table 6 suggest that market
data do not follow the predictions of fixed proportions.
In particular, fixed proportions at the market level
imply that the own-price elasticity of an industry’s
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21 The marginal costs could fall if nonfarm ingredients are inferior
factors of industry production. The discussion here assumes they
are normal factors.



demand for farm ingredients equals the product of the
own-price elasticity of consumer demand and the
industry’s cost share of farm ingredients (e.g., George
and King). Since Aff

(j) is the inverse of the industry j’ s
demand elasticity with respect to the jth farm price
(from equations 1),ejj is the own-price elasticity of
consumer demand for the jth consumer product, and
Sf

(j) is the industry’s cost share of farm ingredients, the
restriction Aff

(j) = 1/(Sf
(j)ejj ) would hold if an industry

produced its composite mix of products in fixed-fac-
tor proportions. Based on the t-values reported in
table 6, one can refute the null hypothesis of fixed
proportions at the industry level for reasonable levels
of rejection.22

Estimates of elasticities of input substitution can be
computed from model parameters (Wohlgenant 1996)
and used to measure the ease with which an industry
varies its factor proportions. Table 7 reports estimates
of Morishima elasticities of substitution (Blackorby
and Russell) between the farm and the four market-
ing inputs when (in this case) changes in the farm-to-
nonfarm price ratio are caused specifically by a

change in the farm price.23 The larger the magnitude
of the estimate, the easier it is for an industry to vary
ratios of farm and marketing inputs. Positive esti-
mates suggest the input pairs are substitutes (when
the farm price changes), and negative estimates sug-
gest they are complements. For example, the results
in table 7 suggest that as farm prices rise, labor and
packaging substitute for the farm ingredient in all
seven industries. As in Wohlgenant (1996), the esti-
mates suggest that significant substitution possibili-
ties exist in U.S. food production. 

Full-Reduced-Form Price Responses

Table 8 reports full-reduced-form estimates of percent
changes in retail and farm prices induced by a 1-per-
cent increase in the set of explanatory variables.
Unlike the quasi-reduced-form estimates (table 5), the
full-reduced-form estimates account for the effect of
endogenous shifts in consumer demand when relative
retail prices change. For example, increased wages
may increase the retail price of both beef and pork
products, but the magnitude of the responses would
differ in the markets. The results presented in table 8
capture the effect of consumer responses to changes in
relative retail prices on retail and farm prices.24

Table 7 � Morishima elasticities of substitution
Industry Nonfarm inputs

Labor Packaging Transport Energy

Beef and veal 2.613 1.910 -3.084 -1.775
Pork 1.717 0.456 -1.470 -0.013
Poultry 4.356 1.146 -1.912 -1.220
Eggs 4.181 0.092 -10.45 2.807
Dairy 3.083 0.590 -2.193 -1.210
Fresh fruit 2.811 0.697 0.939 -1.227
Fresh vegetables 2.270 1.275 -0.218 -1.212
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Table 6 � Tests of fixed-proportions production

Industry t-values

Beef and veal 110.744
Pork 15.063
Poultry 25.204
Eggs 233.344
Dairy 4.806
Fresh fruit 51.317
Fresh vegetables -331.354

Values are Student t-values designed to test the restriction that the
parameter Aff equals the inverse of the demand for farm ingredients
implied by fixed proportions.  Values approximately equal to 2 (in
magnitude) would reject the null of fixed proportions at the 0.05
level. The estimates of Aff are found in table 5, and the estimates of
the standard errors are the estimates used to compute the t-values
in table 5. Point estimates of the own-price elasticities of consumer
demand and the farm share for each market are found in appendix
tables 1 and 2.

22 The results are similar to those reported by Wohlgenant (1996).
The tests are preliminary because they treat the estimate of the
own-price elasticity of consumer demand as a parameter with no
variation. A simulation procedure suggested by Ng, or a bootstrap
procedure suggested by Li and Maddala may provide a more pre-
cise test. 

23 Since Morishima elasticities of substitution are not symmetric,
an estimate of response caused by a 1-percent change in the factor
price ratio induced by a change in the nonfarm input price would
differ from the estimates reported in table 7. 

24 The full-reduced-form estimates are computed using equations
19a and 19b (Wohlgenant 1991) or equations 30a and 30b (WH).
Whereas theory provides expected signs on the coefficients of the
quasi-reduced form, it does not provide expected signs on the
parameter estimates of the full-reduced form. Technically, the rea-
son is that unlike a single consumer demand equation, a system of
consumer demand equations is not negative definite (Chavas and
Cox). This is essentially why the quasi-reduced form can provide
information on industry structure and the full-reduced form cannot.
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The effect of consumer substitution links the effects of
changes in farm supply on retail and farm prices
across the seven markets. For example, the first panel
of table 8 suggests that increases in cattle supply
depress both retail and farm prices for pork. Hence,
increased cattle supply will lower both cattle prices
(farm-level price) and consumer-level beef prices.
Because our estimates suggest that consumers treat
beef and pork as gross substitutes (appendix table 1),
lower relative beef prices imply a reduction in con-
sumer demand for pork. Because hogs are a normal
factor of production in pork supply, hog prices (farm
level) also fall. In this particular example, it is impor-
tant to recall that estimates presented in table 8
exclude the effects of imports and exports of farm
commodities.25

The column labeled “spread” summarizes the relative
responses of retail and farm prices associated with a
1-percent increase in a particular explanatory vari-
able. In particular, the estimates, computed in this
double-log specification as the difference between the
percent change in the retail and the percent change in
the farm price, represent Gardner’s response estimates
of retail-to-farm price spreads. A positive (negative)
sign implies that the market’s retail price response
exceeds (is less than) the response of the market’s
farm price. Because the estimates account for the
response of a market’s farm price and not the retail
equivalentfarm price based on variable proportions,
the “spread” estimates reported in table 8 represent
responses of spreads computed under the assumption
of fixed-factor proportions. 

Table 9 compares the own-price elasticities of con-
sumer demand with the full-reduced form, own-price
elasticity of farm demand for farm ingredients for each
market. Fixed-proportions production implies that an
industry’s input demand would be less own-price elas-
tic than the own-price elasticity of retail demand.
However, the results in table 9 suggest that for four of
the seven markets, the industry’s full-reduced-form
demand for farm ingredients is more own-price elastic
than consumer demand.26 Such results call into ques-
tion the validity of market price analyses based on
fixed proportions. 
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25 Attempts to interpret the results presented in this section are dif-
ficult because standard errors and t-tests are not computed. Such
estimates might be computed using the methods suggested in foot-
note 22.   

26 The derived demand for farm ingredients reported in table 9 is
as follows. If the full-reduced-form system (i.e., table 8) of farm
price equations is represented in matrix notation as Pf = bbbb1 F + bbbb2
X, where F is the vector of farm supplies, and X is the vector of all
other explanatory variables, the estimates in table 9 are bbbb1

-1. The
own-price elasticities of derived demand for farm ingredients
(accounting for consumer substitution) are the diagonal elements
of bbbb1

-1.

Table 9 � Own-price elasticities of farm and con-
sumer demand

Own-farm price elasticity Own-retail price
of industry demand elasticity of 

Market for farm ingredients consumer demand

Beef and veal -0.402 -0.065
Pork -0.514 -0.745
Poultry -1.074 -0.607
Eggs -0.472 -0.064
Dairy -0.627 -0.974
Fresh fruit -1.020 -0.208
Fresh vegetables -0.753 0.054


