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TESTING FOR SWITCHING MARKET CONDUCT

Timothy Park and Azzeddine Azzam*

In a theoretical paper that has become a standard reference in the new empirical in-
dustrial organization literature, Bresnahan showed that market conduct in a homogeneous
oligopoly can be determined from a simple industry supply and demand model. The start-
ing point of Bresnahan’s procedure is the familiar equality of marginal cost (MC) to the
marginal revenue function as perceived by the firm, P + 69(Q,Y, a), where P is price, Q is
quantity, ¥ a demand shifter, a parameters of the demand function to be estimated, and
6 is a measure of market conduct or index of market power.! If § = 0, then P = MC and
competition is present. If § = 1, then P > MC and the industry is a perfect cartel. Values
of & between zero and one also generate P > MC but correspond to an oligopoly solution.
The econometric problem is to identify # when estimating industry demand and supply
simultaneously. Bresnahan demonstrated that this could be accomplished by shifting as
well as rotating the demand curve. '

The simplicity and modest data requirements of Bresnahan’s procedure prompted sev-
eral industry studies (Alexander, Baker, Shaffer, Sjostrom). However, the estimated mea-
sure of conduct in the studies is only an average measure over the sample period. Little is
known as to how conduct is affected by legal, institutional or economic changes.

Two studies considered how legal and institutional changes may have affected conduct:
one by Lopez on the Haitian coffee market, the other by Buschena and Perloff on the
Philippine coconut export market. Both studies assume the response of conduct is imme-
diate and the points of change are known with certainty. A more plausible response by an
industry is a response that is perhaps more gradual and where the points of change are
not known. An example of this would be a change in industry conduct in an atmosphere
of lax or vigorous enforcement of antitrust laws.

A primary objective of this paper is to combine Breshanhan’s procedure with a switch-
ing regression technique which identifies the starting and ending points for a change in

"The authors are Assistant Professor and Associate Professor, respectively, in the Department of Agri-
cultural Economics at the University of Nebraska, Lincoln.

'Shaffer has shown that 4 is algebraically equivalent to the conjectural variation. Conjectural variations
are often subject to several interpretations ranging from an index of market power to deviations of prices
and quantities from their shadow levels. In this paper,  is simply an intuitive summary of a measure of
market conduct as in Brander and Zhang.
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sutput markets.

.- For an application, we consider the U.S. beef slaughter industry. The industry has a
ong history of controversy over conditions of competition in its purchases of live cattle. In
1890, four firms controlled about 89 percent of all the cattle slaughter in Chicago (Yeager),
ihe country’s dominant slaughter center a hundred years ago. The level of concentration
n the industry played a prominent role in the passage of the America’s first antimonopoly
aw, the 1890 Sherman Antitrust Act (Libecap). It has also played a role in the passage
f the Packers and Stockyard Act. Enacted by Congress in 1921, the Act resulted in
he creation of the Packers and Stockyards Administration to oversee livestock market
ompetitiveness (General Accounting Office). The four firm concentration ratio in the

oncern include Schroeter, and Schroeter and Azzam.

'he Theoretical Model

Let P be the output (beef) price and w be the input price for the material input (live
itle). Assuming that the production relationship between output and input is one of
xed proportions,? we can denote both the output and the material input by the same

0

wiable Qp and write the following output demand and material input supply functions:

P=F(QB)Y)+€ (1)
w=G(Qp,z) + v (2)

nere y and z are, respectively, vectors of demand and supply shifters. Random fluctua-
ns in demand and supply are represented by € and v, respectively. The supply function

) defines the marginal expenditure (ME) function (3), where G, stands for the slope of
€ supply function.

ME = G(Qp,z) + QsG,(Qs,2) + v (3)

*This is a reasonable assumption in food Processing when a mass of raw material input, such as cattle. is
nsformed into carcasses or retaijl cuts.

At et
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Denoting the marginal processing costs of beef by ¢(Q3, W), where W is a cost shifter,
and assuming perfect competition in the output market,? equilibrium in the material input
market requires

F(Qp,y)+e—c(Qp, W) = G(Q5,2) + QsG,(Q5,2) + v (4)
or, equivalently '
h(QB’Y5 W)+€=G(QB!Z)+QBGQ(Q31Z)+V (5)

where h(Qp,y, W) is the marginal value product of cattle net of processing cost. Solving
for w and substituting from (3) gives the derived demand relation

w=—6(ME - w) + h(Qs,y, W) + ¢ (6)

where 6 is a measure of market conduct in the factor market. If 8 is zero, then the price of
factor is equal to its net marginal value product. A monopsony cartel will be characterized
by 6 = 1. Values of 6 between 0 and 1 characterize alternative oligopsony solutions.

For empirical implementation, assume the beef supply function takes the form

Qs =0, +qqw + aF + a,C + v (7

and the (derived) demand function

W@z, Y, W) =B, + /1Q5 + 2Qp + BsQc + Bl + BsW + ¢ T (8)

where, w is the price of cattle, F' is the price of feed, C is cattle inventory, I is income,
W is the meat-processing wage, and Qp and Q¢ are the quantities of pork and poultry,
respectively. The parameters to be estimated are denoted by a and B. The error terms
are v and €.

Given the supply function (7), the implied marginal expenditure function (equation 3)
becomes

ME=w+QE (9)

(23]

Making use of (9), the derived demand relation (6) may now be rewritten as

w=f,—pQp+ P2Qp + B3Qc + Bsl + BsW + ¢ (10)

3Since oligopsony conduct in the industry seems to be of more concern that oligopoly, the model proceeds
accordingly.
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" where p = 8, + 6/a,.
_ - Since the derived demand relations (10) and (8) are observationally equivalent, it is
" not possible to disentangle the measure of market conduct 8 even if an estimate of a; is
" available. To identify 6, we need a rotation as well as a shift in the supply function. To
Erotate supply function an interaction term between the price of cattle and the price of feed
iis added.* The new supply function is

QB=ao+a1w+agF+a30+a4w.F+v (11)
this implies the derived demand relation

w=f,+0Q% +51Q8 + B2Qp + BsQc + Bl + BsW + ¢ (12)
where

Qb = —Qs/(a1 + a,F). (13)

Hence, the coefficient of Q3% is the measure of market conduct. Equations (11) and (12) can
be estimated simultaneously using nonlinear estimation techniques. For our purposes, we
allow 6 to vary over the sample period rather than restrict it to be constant. The starting
and ending points which mark periods of structural change in 6 are also identified. To do
so, we implement a technique suggest by Ohtani et al. The technique, as shall be outlined
below, identifies both the starting and ending points for a change in market conduct.

The Switching Technique

In general, the switching regression model is specified as as
Y = x;(ﬁt + /\15) + &, t=1,2,..., T. (14)

where y, is the tt observation on the dependent variable, X, is a 1xk vector of the tth
observations on the explanatory variables, # and § are kx1 vector of coefficients, ), is a
transition path of coefficients, and ¢, is the t** error term which is normally distributed
and independently distributed with mean 0 and variance o2,

‘Lau defined necessary and sufficient conditions for identifying the index of industry competitiveness
from industry price and output data and other exogenous variables. In the case of oligopoly, this condition
requires that the inverse demand function be separable in the exogenous variables. In the oligopsony case
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The coefficients are assumed to shift from 3 to § along a transition path A, defined by

Ay =D for t < t]
= aptad+agtit-tant®  forti<t<i (15)
1 fort>1t)

where ] is an end-point of the first regime and ¢} is a starting point of the second regime.

Ohtani et al. demonstrate that maximum likelihood estimates of 3,4, and ¢ can be
obtained using a sequence of ordinary least squares (OLS) regressions. Each OLS regression
defines the value of the concentrated likelihood function, L.

The order of the polynomial in t for the transition path is chosen to minimize the
Schwarz Criterion defined as SC(n) = —2L..(11,13,a) + 2n. Maximum likelihood esti-
mates of the end-point of the first regime ¢} and the starting point of the second regime ¢}
along the coefficients of the transition path a are obtained by a grid search over the region
(1,13, a) for given transition path.

Empirical Model and Results

Using (14) and adding a time subscript to (11) and (12), the new estimating model
becomes |

Qs: = a,+ ayw; + F; + a3C, + agw,.F, + v, (16)
wy = fo+(0+ M0)QB, + £1QB:t + B2Qp: + BsQct + Pali + BsW: + €4 (17)

Precise definition of the variables in the model are as follows. The variable w; is the
price of slaughter steers, choice grade, Omaha ($/cwt); F, is the price of No.2 yellow
corn (§/bushel), C,; is cattle inventory, January 1 (mil. head), W, is production worker
average hourly earning in SIC 2011 ($/hour); I; is nominal per-capita disposable income;
@B:, Qp:, and Q¢ are, respectively, commercial production of beef, pork, and chicken
(mil. lbs). The model’s variables were collected from government publications, Livestock
and Poultry Situation, Livestock and Meat Statistics, Employment and Earnings,, and
Agricultural Outlook. The data for estimating the model are aggregate yearly time series
from 1960 through 1987.

Following Thurman, a Wu-Hausman test was applied to the model in equation (16) to
test the endogeneity of the price of slaughter steers (w;). If the price is predetermined, the
ordinary least squares yields best linear unbiased estimates, denoted by &. If prices are
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;Q':'.endogenous in the supply specification, instrumental variable estimates, denoted by &, are
. consistent, while ordinary least squares estimates are biased and inconsistent.

% A test statistic for the endogeneity of the slaughter steer price is

E R .

U T=(@-8) (Mgl E-a) (18)

2Tk
T

" where V(q) is a consistent estimate of the variance-covariance matrix under the null hy-
f";""pothesis and T is asymptotically distributed as xi. Instrumental variable estimates were
* obtained using two-stage least squares. The Wu-Hausman test resulted in a test statistic
- of 0.08, well below x; critical value of 3.84. The test fails to reject the null hypothesis that
' the prices of slaughter steers are predetermined, indicating that ordinary least squares
. estimation provides unbiased and consistent estimates. Hence, the quantity dependent
specification is an appropriate model to use in developing 6.

The parameters of the beef supply equation which are corrected for first-order autocor-
' relation are presented in Table 1. The estimated coefficient for the price of slaughter steers
| is positive and significant, consistent with a supply function. Though the positive sign of
* the price of feed is not consistent with a supply function, it is statistically not different
- from zero. Increases in the cattle inventory have, as expected, a positive and statistically
 significant impact on beef supply.

" The estimates of a; and a, from Table 1 are used to generate the regressor Qp according
- to (13). Recall the coefficient on Q% in the derived demand equation (12), which measures
market conduct, is allowed to shift along a flexible transition path defined by a polynomial
function of time. Maximum likelihood estimates of (12) were obtained using nonlinear
least squares techniques. The order of the polynomial in (A) and-the ending point of
the firm regime (4}) and the starting point of the second regime (¢]) were selected based
on the maximum likelihood estimates which yielded the minimum value of the Schwarz
criterion (SC). Following Ohtani et al., polynomial transition paths of order 1 through
3 were examined and the optimal order of the polynomial in A, was n = 3. Parameter
estimates of the derived demand equation are presented in Table 2.

The estimation results for variables other than those dealing with conduct are mixed.
Both the quantity of beef Qp and income I have the expected signs and are statistically
different from zero. As expected, an increase in the quantity of pork shifts the derived de-
mand to the left. However, the coefficient estimate is not different from zero. Surprisingly,
poultry shows strong complementarity with beef. Increases in the meat-packing wage leads
to higher processing costs and shifts the derived demand for slaughter cattle to the left.
The results indicate the opposite. A plausible explanation for the result is that the wage
rate in all meat-packing may not be a good proxy for wages in the beef packing subsector.
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Interpreting the Measure of Market Conduct

"The coefficient on QB measures market conduct. A test that the measure of
POWer is constant and does not shift over the sample period is first developed,
coefficients from (17) are zero, the index of market power is constant over the"
Period. This hypothesis is rejected since each of the three &; coefficients is signi
difFerent from Zero. .

Figure 1 shows the changes 8 over the sample period and identifies two distinct regim
of conduct. The first regime started in 1960 and ended in 1977. The point estima
during that regime was constant at .0092. Although the magnitude of the index i
it Aiffers significantly from zero (the standard error is .0007), implying nonco
maxket conduct. il

After the first regime, a transition period started in in 1978 and ended in 1989, dg
which 6 reached a peak value of .031 in 1979. The years between 1982 through 1
& Second separate regime for industry conduct. By 1982, 8 had declined and sta
01 6. However, none of the point estimates of 6 during or after the transition pe:
different from zero. '

due tg , structural decline in beef consumption. Purcell argues that this de
Was responsible for much of industry’s rush to cost-cutting consolidations, an
Cre&Ased concentration, in order to compete with other meats such as poult;
firrxa concentration ratio (CRy) from 1977 to 1988 has increased from 29.1 to
Marion and Kim noted that the 1977-1988 period can be divided into
tirm e periods during which different economic forces contributed to the sharp
the CR,. Between 1977 and 1982, a period roughly consistent with the mode:
Period, the CRy increased from 29.1 to 45.0. Marion and Kim a.ttributed.tl_‘i
COI™ <entration from 1977 to 1982 to a decline in total industry capacity and _;.t?h»-
intexrnal expansion by leading firms in the industry. Consolidations in the industz
tha. € period accounted for only half a percent of the increase in the CR,.
Between 1982 and 1988, a period consistent with the model’s second re
incxeased from 45.0 to 69.7. This time, mergers and acquisition in the indu
for axmore than 19 percent in the increase in concentration. The C'R, would h

1
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'50.3 had the mergers not taken place.

. “ However, one important question is why the transition to competitive conduct by the
lindustry during a period of increased concentration. Two factors may be important. As
3 ,',rger plants were built in the industry during the 1980’s, competition to keep those plants
‘operating at maximum slaughter efficiency may have broken oligopsonistic interdepen-
nce. Second, increases in concentration ratios and allegations on non-competitive pric-
ng of live cattle generated several lawsuits and federal government investigations after
75 which may have restrained the exercise of market power. Ward documents a series
of actions against meat-packers during the 1975-1983 period including antitrust lawsuits
by groups of cattle producers. Several studies or investigations by various government
agencies including the Justice Department, the Federal Trade Commission, the Packers
- and Stockyard Administration have also taken place during that period. :

- Summary and Conclusions

This paper presented and empirical model for testing switching market conduct in
oligopsonistic industry. The model adapts Bresnahan’s procedure for identifying the
ligopoly solution and the switching regression model suggested by Ohtani et al. Applied
o the U.S. beef slaughter industry, the results show two distinct regimes of conduct in the
ndustry during the 1960-1987 period. The period from 1960 to 1977 was characterized
y noncompetitive conduct. A regime of competitive conduct took place after a transition
eriod lasting from 1978 to 1982. The changes in conduct identified by the switching model

- structural change.
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TABLE 1. Coefficient Estimates of the Supply Equation.

.\Eri‘f;]:ﬁztory Parameter ~ Estimate t-ratio
Intercept . -6722.10 -1.336
Price of Steers (w,) a; 232.55 2.676
Price of Corn (F) as 30.595 1.234
Price of Steers x

Cattle Inventory (C;) ag 0.171 2.698
Price of Corn (w;.F}) oy -0.744 -1.505

*Asymptotic t-values in parentheses. Asterisk indicates
significance at .05 confidence interval.

E TABLE 2. Coefficient Estimates of the Derived Demand Equation.

lh:? ‘E};acgmztory Parameter Estimate t-ratio
r Intercept Bo -34.819E4+03  -11.172E+03
_5: Q% 9 0.928E+03 1.4520000
M -01.2120000  -5.9590000
¥ 0.0230000  5.7530000
1 Quantity of Beef (Qz) 4y -0.315E-02 - 9.1020000
Quantity of Pork (Qp;) 2 -0.304E-03 - 0.9650000
Quaatity of Poultry (Qc:) S -0.248E-02 3.5150000
Income (Z) Be 3.1420000  6.1520000
b Wage Rate (W;) Bs 4.8690000 5.2850000

"Asymptotic t-values in parentheses. Asterisk indicates significance
newline at .05 confidence interval.
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