COWLES FOUNDATION FOR RESEARCH IN ECONOMICS
AT YALE UNIVERSITY

Box 2125, Yale Station
New Haven, Connecticut 06520

COWLES FOUNDATION DISCUSSION PAPER NO. 935

Note: Cowles Foundation Discussion Papers are preliminary materials
circulated to stimulate discussion and critical comment.
Requests for single copies of a Paper will be filled by the
Cowles Foundation within the limits of the supply. References
in publications to Discussion Papers (other than mere
acknowledgment by a writer that he has access to such
unpublished material) should be cleared with the author to
protect the tentative character of these papers.

TESTING GAME-THEORETIC MODELS
OF PRICE-FIXING BEHAVIOUR

Vassilis A. Hajivassiliou

January 1990



— 26—

Appendix 3

A Recursion Algorithm

for the Markovian Switching—Regression Model with Coding Error
The aim is to facilitate the evaluation of the likelihood function of Section 5, which is given
by:
(A3.1) p(Z,BIX) = IZIZ . IZIZIZ P(y Dyl gy ) - p(yysdy T 1T) (L) -
TT-1 27170

The difficulty in evaluating (A3.1) directly is that each pair of consecutive terms involves
It——l; hence, each likelihood evaluation will require calculating 2T terms, which is a
computationally prohibitive task.

The following arguments generalize ideas in Cosslett and Lee (1985) and Moran
(1986) and show how (A3.1) can be evaluated recursively through T matrix

multiplications. Define the set of available endogenous information at time t by S p 1€

St = (yl,Dl,y2,D2,...,yt,Dt). Further define Qt(It)Ep(St’It)’ Since we can always write

(A3.2) Qt(It) = p(st—l’yt’Dt’It)

t-1
it follows that
t-1

It—l

where we have used the Markov structure p(yt,Dt,It]It__l,St_l)=p(yt,Dt,It{It_l) and the
definition Qt—l(It—l)Ep(It—l’st—l)‘ But calculation of (A3.3) only requires information up

to t, as the following matrix equation shows:
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Q,(0) p(y,Dy,1,=0]T,_,=0) p(y,,D, I=0|T,_,=1)) (Q, ,(0)
(A3.4) =
Q,(1) p(ypDpl=1{T,_;=0) p(y, DI, =1II,_;=1) | | Q,_,(1)

or,
Q =M-Q_,.
.Y ~ ~

The likelihood (A3.1) can thus be calculated recursively from (A3.4) and

NN

(A3.1)  p(yDIX) = 12 Qulp) = Qp(0) + Q(1).
T



(Asymptotic t-statistics in parentheses
Regime Classification Variable Used: Ulen

Variable Parameter
2
%
2
%
o2
U]
Marginal Cost Equation:
%
Demand Eguation:
In(a)
ﬁO
Lakes open dummy B,
Midwestern Grain ﬁ2
Output
Extra JEC ﬁ3
Competit ion
Switching Equation:
To
Lakes open dummy "
Midwestern Grain T
Output
Extra JEC 8

Competition

Loglikelihood

Number of Periods Predicted
in Collusive Regime
in Competitive Regime
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TABLE 1

NO LAGGED STRUCTURE

Model 1INL
No lags, no
measurement
errors

6.13
(2.59)

0.17
(2.01)

16.63
(0.29)

10.96
(0.13)

2.78
(0.11)

~0.40
(—10.72)

0.86
(11.12)

~0.44
(—15.53)

-0.52
(0.32)

~0.76
(=2.77)

5.01
(4.95)

—2.40
(=5.36)

—444 414

101.
2217.

Model 2NL
No lags,
1 Imperfect

Regime Indic.

5.63
(2.88)

7.23
(2.11)

1.63
(3.59)

8.21
(2.40)

11.96
(0.68)

3.92
(2.27)

~0.91
(—12.81)

0.921
(9.812)

- 0.34
(—11.43)

—~0.72
(-1.95)

—0.93
(—4.83)

3.78
(7.23)

=3.71
(=7.87)

—437.342

122.
206.

21979)
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TABLE 2
ERRORS IN EXPLANATORY VARIABLES

(Asymptotic t-statistics in parentheses
Regime Classification Variable Used: Ulen (1979)

Variable Parameter Model 4NL* Model 5NL
Normal Errors Normal Errors
in Extra Cartel in Extra Cartel

Competition Competition
Variable, Variable
MSM ML Quadrature
o) 5.23 5.29
(3.66) (3.06)
7 0.21 0.38
(2.72) (2.89)
Marginal Cost Equation:
@, 14.63 14.01
( 0.72) ( 0.63)

Demand Equation:

In(a) 9.23 9.88

(0.27) (0.42)

60 2.97 3.21

(0.28) (0.33)

Lakes open dummy ﬁl -0.77 -0.88
(~11.25) (—12.38)

Midwestern Grain ﬂz -1.27 0.71

Output (9.21) (8.99)

Extra JEC ﬁs -0.22 -0.23

Competition (-11.83) (—10.35)

Switching Equation:

% —0.76 —0.82

(—0.99) ( 1.22)

Lakes open dummy N 0.53 —0.59
(-3.67) (-3.17)

Midwestern Grain % 4.83 461

Output (3.67) (4.81)

Extra JEC 2 —1.83 —2.01

Competit ion (—7.48) (-7.12)

Loglikelihood —_ ~—453.231

Number of Periods Predicted

in Collusive Regime 104. 105.
in Competitive Regime 224. 223.

*
100 replications used in the simulation estimation
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TABLE 3
MARKOV SWITCHING STRUCTURE

(Asymptotic t-statistics in parentheses
Regime Classification Variable Used: Ulen (1979)

Marginal Cost Equation:

Demand Equation:

Lakes open dummy

Midwestern
Output

Extra JEC
Competit ion

Switching Equation:

Lakes open dummy

Midwestern Grain
Output

Extra JEC
Competition
Regime Lagged Once
Regime Lagged Twice

Loglikelihood

Parameter Mode] 6L Model 7L Model 8L
No errors, No errors, 1 imperfect
Markov Markov dummy,
structure structure Markov
with 2 lags structure
7 6.97 6.78 6.32
(2.18) (2.38) (2.42)
7 0.78 0.81 0.64
(3.72) (3.82) (3.47)
ao 12.63 12.52 10.43
(0.96) (0.95) (2.77)
In(a) 7.93 7.83 7.42
(1.23) (1.35) (1.08)
ﬁo 4.22 4.17 4.12
(0.74) (0.81) (0.72) :
’61 -0.23 -0.28 —0.35
(~—12.78) (-—11.81) (—8.42)
ﬁ2 0.72 0.77 0.81
(7.24) (7.38) (8.15)
ﬁ3 -0.33 -0.41 .32
(-—12.35) (—11.92) (—9.93)
‘70 -0.50 -0.51 -0.47
(0.78) (0.82) (0.58)
N —0.66 —0.75 —0.49
(—3.23) (—3.27) (—-3.59)
Yy 3.37 3.42 3.75
(2‘88) (2.94) (2.73)
Y3 -2.93 —2.74 -3.02
(=6.72) (—6.84) (—6.32)
Py 2.78 2.56 2.58
(6.23) (5.72) (6.52)
Py e 0.25 —_—
(1.82)
—423.773 -422.661 -418.524

Number of Periods Predicted

in Collusive Regime

113. 114. 129.

in Competitive Regime 215. 214. 199.



Figure 2
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*
Figure reproduced from Porter (1983b), p.311

Legend
GR = Official price set by the JEC cartel for shipping grain
PWUlen = Price-war classification according to Ulen (1979)

PWPorter = Price-war classification according to Porter (1983b)
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