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S$imultaneous Equation Market Models: A New
Approach to the Problem of Multicollinearity

I. Introduction

The security market model of Sharpe [1964], Lintner [1965] and Mossin [1966]
relates returns on an asset to the variations in a market index and is known as
the capital asset pricing model (CAPM). While this approach has been the founda-
tion for much of the research in finance, it has been suggested that changes in
the single-index model could be made so as to improve the power of the model.
Cohen and Pogue [1967] have suggested that an industry factor (It) could be
included in Sharpe's model to increase the explanatory power of that model.
Likewise, Beaver [1972] and Downes and Dyckman [1973] argue that certain types
of accounting information are taken into account in security pricing and, thus,
should be included in a model of capital asset pricing.

These studies culminated in the recent work by Simkowitz and Logue [1973]
(S-L) who derive a simultaneous equation security market model. This model

contains industry data as well as certaim accounting information as follows:
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Where Rjt = the return on the jth security over time interval t in a group
classified by a reasonable dassification scheme, (j = 1, 2,
vesy 1)
ot the return on a market index over time interval t,
let = the profitability index of jth firm over time interval t,

Gj=1,2, ..., n)



Xth = the leverage index of jth firm over time period t, (j = 1, 2,
ceay M)
Xj3t = the dividend policy index of jth firm over time period ¢,

(J = 19 2) crcy n)

. .th
bjk = the coefficient of the kth firm related variable in the Jt
equation, (k =1, 2, 3)
- .th . . .th
in = the coefficient of the i endogenous variable in j equa-

tion, (4 =1, 2, ..., n; j=1, 2, ..., n)
o . ,th ]
mj the coefficient of market rate of return in the jJ equation,
. .th .
Ejt = the disturbance term for j equation.
Equation (1) is a simultaneous equation system with n endogenous and 3n + 1
exogenous variables.l It can easily be shown that every equation in the system
is over-identified.

S-1 point out that the standard CAPM is expressed by equation (1) with the

following constraints:

(1) [ E ( o%  0000......0

»
-
.

(E» Eyy «oes B =f . )

-

-

£

(ii) by =0 (G=1,2, ..., n) (2)
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After imposing these constraints on equation (1}, S-L show that Sharpe's
model can be defined as:
R, =o., +B8. R +E,
jt J j mt jt (3)
G=1,2, ..., n)



where uj and Bj are regression parameters and Ejt is the disturbance term.
While the parameters in equation (3) are estimated using ordinary least squares
(0LS), S-L use two stage least squares (25LS) to estimate the parameters of the
simultaneous equation system shown in equation (1).

Theoretically the S~L model specified in equation (1) has explicitly taken
the interdependent relationship among the security returns within an industry into
account., It is well-known, though, that the results associated with the 2SLS
estimation procedure can be subject to the problems of multicollinearity and pre-
diction errors. Aber [1973], for example, has pointed out that multi-index models
are generally complicated by the problem of multicollinearity. 1In
using 28LS, S5-I, regressed Rj's on 22 f{or 21) exogenous variables to
ohtain the estimated Rj's. They then used the estimated Rj's as regressors in
the second stage regression.  Their results indicate that market
rate of return, Rm, is the most important explanatery vari-
able for each first stage regression. However, Rm also appears in each second
stage regression within the system., Since the correlation between Rm and the
estimated Rj is very strong, it is possible that the problem of multi-
collinearity faced by S~L is not negligible.2

S-L have classified the interdependent relationship of security markets into
two different cases, i.e., (a) only condition (2i) does not hold, and (b) all the
conditions do not hold. They argue that case (a) belongs to Zellpner's [1962]
seemingly unrelated regression (SUR) problem. Generalized least squares (GLS)
can then be employed to replace OLS to lmprove the efficiency of the estimated
systematic risk. For the second case, they have employed the 2S5LS to perform a
robust test of the basic assumption of Sharpe’'s model and to examine the impor-
tance of market rate of return.

Because of the potential for multicollinearity, one must investigate whether

the GLS can be employed in the first case to improve the efficiency of estimated



systematic risk. Following Zellner [1962]}, the estimated systematic risk obtained

by the GLS are:
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Kmenta [1971] shows that the GLS estimator, Bm, is identical to the OLS estimator

~

of systematic risk, Bm, as indicated in equation (5).
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B, = (Ym Ym) (Ym Yj) (5)

Tn general, the relative efficiency between the Bm and ém is an increasing func-
tion of the degree of relationship among the residuals and a decreasing function
of the degree of relationship among explanatory variables. However, there exists
no gain in efficiency of the GLS estimator over the OLS estimator when the SUR
involve exactly the same explanatory variables. This implies that the GLS5 can-
not be employed to improve the efficiency of estimated systematic risk for the
first case. The fact is not realized by S-L. Incidentally, if only the restric~
tion (2iii) is held for equation (1), then Zellner's SUR may be used to improve
the efficiency of the estimators of regression coefficients. Since the relation-
ship among the residuals of the firms in a same industry will not be trivial, the
gain in efficiency of the GLS estimator will be essentially dependent upon the
relationship among the firm-related variables in the industry.

Besides the problem with multicollinearity, the 28LS is also susceptible
to prediction error. If the adjusted coefficient of determination (ﬁz) for the

first stage regression is low, then the estimated Rj's contain some prediction



errors (or measurement errors in a wide sense). In such a case, the efficiency

of the second stage estimators will be affected (for a complete of this problem
see, for example, Cochran 1972 ).

Because of the multicollinearity and prediction error problems with 25LS,
the estimation procedure for the simultaneous equation system developed by
S-L may be inappropriate. Thus, the results developed in their paper must be
viewed with skepticism. The purpose of this paper is to develop a security mar-
ket model which does not suffer these problems yet retains the desirable features
of the simultaneous equation method by combining Sharpe’s model and the S-L model.
First the relationship between the single index and multi-index security
model is explained followed by the development of a model which combines Sharpe's
and the S-L model. Next, the usefulness of the new model is demonstrated using

data from several oil companies. Finally, the results of the paper are summarized.

II. Combining Single and Multi-Index Models: A Synthesis Approach

Cohen and Pogue [1967], as previously discussed have suggested that an
industry factor can be included in equation (3) to increase the explanatory power
of Sharpe's model. After including an industry factor (It) in equation (3), we

have

Ry, = +8] Ry + 6, I +Ef, (6)

where a’, B’
] ]

explanatory power of equation (6) is generally larger than that of equation (3).3

and éj are the coefficients and Eit is the disturbance term. The

It also is known that the summation of 83 and Gj is approximately equal to Bj.
Following Theil's [1971] specification analysis technique, we can derive the
relationship between the systematic risk obtained from Sharpe's model and the
coefficients obtained from the $-L model. For simplicity, S-L's seven-equation
simultaneous equation system is employed to demonstrate that the systematic risk
associated with Sharpe's model can be written in terms of the regression parameters

of S5-L model as:
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(3 =1, 2, ..., 7 and ij = 0)
where Dl’ D2, ... and DlO represent the auxiliary regression coefficients of

regressing each explanatory variable of S-L model on Rm respectively. Actually,
p,, D, D,, D,, D., D, and D, are the systematic risks obtained from Sharpe's
12 727 73 74 75° 76 7
model.
Since firm related variables do not represent common factors in the security
market, the relationship between the firm related variables and market rate
of return is expected to be ingignificant; therefore, equation (7} can ap-

proximately be rewritten as:

Bj 2 ylel + ijDz + ... + 'Yj7D7 + Bjm (8)

(=1, 2, v.., 7 and y,. = Q)
1]

Expression (8) implies that the standard systematic risk (Bj) is a weighted
average of the coefficients of all endogenous variables and the coefficient of Rm
in S-L model. Statistically, the existence of equation (8) depends upon whether
the auxiliary regression coefficients, DS’ D9 and DlO are insignificant. Essen-
tially that is an empirical question but if D8’ D9 and D10 are insignificant, then
the estimated systematic risk associated with the market index obtained from the

new model defined in equation (9) will not be significantly different from that
obtained from the right hand side of equatiomn (8), and it will also not be signifi-
cantly different from the estimated systematic risk obtained from Sharpe's model.

Thus, by using this result and imposing condition (2111) om equation (1)

the following obtains:

= - + P
Rjt uj Bj Rmt + bjllet + bj2Xj2t + bjBXjBt + Ejt
9
(G=1, 2, ...y n)

where aj , Bj R bjl’ bj2’ and bj3 are regression parameters and Ejt is a disturbance.



This new model defined in equation (9) is obtained by assuming that rates
of return on all other securities might be ommitted from equation (1). It also
is a model formulated by integrating Sharpe's model with the S-L model. There
are two advantages to this model, First, the explanatory power of this model
is generally larger than that of Sharpe's model; secondly, this model allows SUR
method to be applied to pool the cross-section and the time-series data to improve
the efficiency of some estimators.4 This new model synthesizes advantages of both
Sharpe's model and S-L model. This "gynthesis model" can simultaneously be used to
obtain the systematic risk associated with Sharpe model and to incorporate the infor-
mation of firm related variables into capital asset pricing. It also avoids some
problems associated with specification and estimation of the S-L model, particu-

larly, those involving multicellinearity.

III. Some Empirical Results with the Synthesis Model

To demonstrate the usefulness of the synthesis model relative to Sharpe's
and the S-L model as well as to illustrate the problems with the $-L formulation,
annual data of stock price and firm related variables from the period 1945-1973
for seven oil companies are used to calculate the related rates of return, the
profitability index, the leverage index and the dividend policy index.5 The
appropriate rates of return for each company are adjusted for dividends and
stock splits. The annual Standard and Poor index (S & P) with dividends is used
to calculate the annual rate of return on the market. Using such a long time
period raises the question of stationarity as parameter estimation assumes a
stationary distribution. Tests using the Box-Pierce Q-statistic, however, show
that the hypothesis that the time series is white noise cannot be rejected.

First, to investigate the validity of the §-L model, a traditional 2SLS
method is used to estimate the simultaneous relationship of security returns for
the seven oil companies. These results are listed in Table I. Then, Sharpe’s

model specified in equation (3) is used to calculate systematic risks for seven
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o0il companies which are shown in Table IT. From Tables I and IT, it is found
that the adjusted coefficients of determination (ﬁz) of S-L model are consistently
higher than those of Sharpe's model. This implies that the explanatory power of
S-I model is higher than that of Sharpe's model. However, it is found that the
market rate of return is always the most important exogenous variable in
estimating the endogenous variables. In other words, the estimated endogenous
variables used in the second stage are highly correlated with the market
rate of return which appears in every second stage regression. These results
imply that indeed the methodology developed by S-L can be subject to the multi-
collinearity associated with the 25LS estimation method. It should be noted
that in Table I, Rm ig significant at the 10% level in two regressions. However,
if the modified 2SLS developed by Klein and Nakamura [1962] is used to estimate
the simultaneous relationship, there exist five regression coefficients associated
with Rm which are significant at the 10% level. Thus, Rm still plays a relatively
important role in the S-L model if the multicollinearity is reduced to a manage-
able level.7’8

Before testing the validity of the synthesis model, it is necessary to deter-
mine whether the assumption holds that the estimated B; using the right hand side
of equation (8) is not significantly different from the éj estimated by either the
Sharpe model or the right hand side of equation (7). S-L's empirical results of
both oil and drug industries are used to test if this proposition holds more generally.
Table III shows the estimated éj and ég for each of the firms. Using a t-test it
can easily be shown that ég for each firm estimated from equation (8) is not signi-
ficantly different from éj determined by equation (7) at the 95% level; therefore,
the hypothesis that éj and 53 are not significantly different cannot be rejected
and equation (9) can be used with confidence.9

To test the validity of the synthesis model specified in equation (9), first

OLS is used to estimate the necessary parameters of seven 0il companies. Resi-

duals from these equations are used to test the degree of interrelationship



TABLE II

OLS Parameter Estimates of 0il Industry - Sharpe Model+

+3 B ﬁz

Imperial 0il .04421 L7421 .1851
(2.6699)

Phillips Petroleum =~.0141 .6578 0626
(1.6758)

Shell 0il -.0043 1.2353 .3864
(4.2429)

S. 0. of IN .0366 .6869 .2082
{2.8619)

S. 0. of OH -.0161 .8720 .0782
{1.8160)

Sun 0il L0049 L6240 ,1906
{2.7130)

Union 0il of CA .0058 1.0228 L4353
(4.6704)

+ - t-values appear in parentheses beneath the corresponding
coefficients
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TABLE IIT

SYSTEMATIC RISKS FOR DRUG AND OIL INDUSTRIES

(1) (2)
Industries B.*® B 7w
J ]
Drug Industry

American Home Product 1.0105 1.0033
(.1579) (.1350)

Bristol Myers 1.0081 .9856
(1.9968) (.1812)

Gillete .8639 .8909
{.1628 (.2013)

Johnson & Johnson .8281 L9881
(.1843) (.2021)

Merck .6228 L7057
(.1591) (.1602)

G. D. Searle 1.2375 1.2617
{.2570) (.2891)

Smith, Kline & French 1.2248 1.0715
(.2088) (.1856)

0il Industry

Imperial 0il .7905 7454
(.1460) (.1522)

Phillips Petroleum .8011 .7893
(.1300) (.1588)

Shell 0il .7384 .6982
{.1249) (.1112)

S, 0. of IN 1.0650 .9891
(.2315) (.2481)

S, 0. of OH .7880 .8478
(.1851) (.2055)

Sun 0il L5421 .5587
(.1745) (.1735)

Union 0il of CA 1.0521 1.1134
(.1643) (.1533)

Remarks: standard errors appear in parentheses beneath the corresponding
coefficients.
*astimated by Sharpe's model
k%egtimated using the right hand side of equation (8)
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among these oil companies. The residual correlation coefficient matrix for these
seven companies (shown in table IV) indicates that there exist 10 residual corre-
lation coefficients significantly different from zero at .05 significance level.
This implies that SUR estimation method can be used to improve the efficiency
of some estimators. The SUR estimators are obtained using equation (4). Results
of both OLS and SUR estimates of these seven 0il companies are listed in
Table V. Five of the seven R associated with OLS estimates of the synthesis
model shown in Table V are higher than those of Sharpe model shown in Table I1I.
As the SUR estimation method is applied to the synthesis model, the efficiency
of some estimators for Shell 0il, Standard 0il of Indiana, Standard 0il of Ohio,
Sun 0il and Union 0il of Californmia are improved.

Results of the SUR estimation method have a great deal of intuitive appeal.
For example, Imperial O0il which is a Canadian firm shows the lowest correlation
with other firms as might be expected. It is also found in Table IV that the
residuals of Phillips Petroleum are highly correlated with those of Standard
0il of Ohio and Sun 0il. However, the SUR estimation method does not improve the
efficiency of estimators for Phillips Petroleum. One possible reason is that the
financial management policies of this company may be highly correlated with those
of other companies in the oil industry. As the explanatory variables of a regres-
sion become more similar to those of other regressioms in the same industry,
the gain of SUR estimation method will be getting smaller. It is found that
systematic risk estimates from the synthesis model are not significantly different
from those obtianed from Sharpe's model.

While these results are interesting, they can be viewed with confidence only
if the assumptions of the regression model are fulfilled. Besides the stationarity
assumption previously discussed, the homoscedasticity assumption of the regression

residuals is an additional condition required to ascertain the stability of the

estimated systematic risk as discussed by Blume [1971]. 1t is even more important



TABLE IV

Residual Correlation Coefficient Matrix

K R R R R

1 2 3 4 5
1.0000 1725 .1687 LA422% 0571
1.0000 2062 L2312 L7487%
1.0000 L1634 .3542%

1.0000 L1789

1.0000

#Denotes significantly different from zero at
level of significance.

.1129

4420%
.5748%
.3645%
.6697%

.0000

.05

13

R

L1450

-.0770

.2183

.3329%

H234%

.3154%

1.0000



R, OLS

SUR

R, OLS

SUR

R, OLS

SUR

R, OLS

SUR

R. OLS

SUR

R, OLS

SUR

R_ OLS

SUR

TABLE V

. T
0LS AND SUR Estimates of 0il Industry - Synthesis Model

-.4479
(1.6480)

-.2861
(1.1890)

-.8203

-.1600
(-.8001)

-.2251
(~1.7230)

-.3003
(2.633)%*

-.1550
(-.8648)

-.0538
(-.3519)

-.0029
(-.0111)

-.0047
(-.0271)

-.1472
(1.4350)

-.1509
(1.9960)*

~-.1140
(~.9173)

-.0661
(-.5823)

L7602
(2.4770)%%

L7663
(2.5560)**

.5413
(1.3140)

.5822
(1.4340)

1.1200
(3.9800)*%*

1.0880
(3.8870)#*%

.7283
(3.0540)%*

.6458
(2.7530) %%

1.1280
(2.0820) %%

1.1640
(2.3090)**

.7098
(3.0960)**

.7070
(3.1751)%%

1.0141
(4.7590) %%

1.01%0
(4.6800)**

(1

Faain

bjl

.043
.7270)

.2020
.3600)

.0680
.2359)

L4550
.8517)

.0550
.4220)

L9140
L393) %%

.1070
.7852)

L9832
.4340)

.7520
.2295)

.8607
L4143)

.6888
.5501)

.8508
.0101)

347
.7899)

.6500
.4206)

(2.

2.

(2

(1

(2

(1.

(2

bj2

L4582
.2932)

.8655
.6268)

.2170
.2180)

.8193
.2710)

.5110
1510) %*

665
B12)**

.2395
.2707)

L4262
.5884)

.8370
.3410)

.8860
L4970) %

.9155
.3050)

.9016
.0230)%*

L6427
2400)

L9632
.0890) **

25

26

62

54.
L4020) %%

(2

~

bj3

L0840
.1749)

9720
.6648)

.2560
.2725)

.509
.6768)

.5165
.0677)

.532
.4126)

.2900
(1.

8170)*

.3500
(2.

. 600
.8942)

337) %%

.9103
.9555)

.2000
(1.

7140)

1100

.5300
.7579)

.9660
L7431)

+ ~ t-values appear in parentheses beneath the corresponding
coefficients.

*denotes significant at .10 level of significance or better for

two—-tailed test.

**denotes significant at .05 level of significance or better for

two~tailed test.

14

.2202

.0248

L4540

. 3040

.0558

.2755

L4693
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to investigate this assumption in light of the recent work by Rogalski and

vinso 1975 who found that the OLS estimation of the CAPM for over 25% of all
securities show heterosecdasticity. To test for homoscedasticity of the regres-—
sion residuals for each equation associated with the synthesis model, the
Goldfield-Quandt [1965] test is used. To test whether the variance-covariance
matrix obtained for the SUR equation system 1is stable over time, Anderson's 1958,
Chapter 10] approximate xz statistic is used. The results show that the
assumption of homoscedasticity cannot be rejected at the .05 level of signifi-
cance for any firm except Imperial 0il., Likewise, the assumption of a constant
covariance matrix cannot be rejected either at the .05 significance level.
Another advantage of the synthesis model concerns the problem of sample size.
While the S-L model has explicitly specified the full structural simultaneous
relationship of capital asset pricing for a particular industry, the multicolli-
nearity problem explored here generally makes the statistical results of S-L
model become less meaningful. As the number of equations in the system becomes
larger, the number of regressors in the first stage of 2SLS generally is getting
too large to be handled.ll Since the regressor of the synthesis model is not
affected by the number of equationms, the problem of undersized sample does not
exist in the synthesis model.

Now that the validity of the synthesis model has been ghown, it would be of
interest to imvestigate the importance of the three firm related variables used
by Simkowitz and Logue {1973] in capital asset pricing. They have shown that
the roles played by three firm related variables are to identify the simultaneous
equation system of security market and to improve the explanatory power of the
diagonal security market model. These same firm related variables also are
explicitly included in the synthesis model indicated in equation (9). Using

the SUR estimates of the synthesis model, the importance of these firm related
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variables in the return generation process can be analyzed. The profitability
index is significant in explaining the rates of return of Shell 0ilj the dividend
policy index is significant in explaining the rates of return of Standard 0il of
Indiana, Standard 0il of Ohio and Sun 0il; and the leverage index is significant
in explaining the rates of return of Shell 0il, Standard 0il of Ohio, Sun 0il and
Union 0il of California. These results imply that both leverage index and divi-
dend policy index can be additional important factors in capital asset pricing.
From a financial management viewpoint both leverage and dividend policies are
unique factors of an industry so the market index itself can hardly be used to
take care of the change of these two policies associated with a particular industry.

Thus the synthesis model is formulated by introducing the accounting infor-
mation - the profitability index, the leverage index and the dividend policy index
into Sharpe's model. It has explicitly taken into account the arguments on
the possible impacts of accounting information on the behavior of security price.
This multi-index model differs with other multi-index models from several aspects.
First, the additional indices employed in the synthesis model are the accounting
information of an individual firm rather than general economic activity indicators.
Secondly, the indices of accounting information are relatively orthogonal to
the market rate or return and the multicollinearity problem is much less egssential
relative to that of other multi-index models. Finally, the SUR estimation method
can be used to take care of the interdependent relationship among securities of
a particular industry. As quarterly data instead of annual data is employed to
estimate the synthesis model for a particular industry, then the gain associated
with the SUR estimation method will become much more im.portant.12

The relationship among the systematic risks associated with Sharpe's model,
S-L model, and the synthesis model can also be used to explore the possible appli-

cations of this model in security and portfolio analyses. Since the systematic risk
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obtained from Sharpe model is approximately identical to the systematic risk associ-
ated with the synthesis model, this kind of systematic risk can be regarded as

an aggregated systematic risk. The statistical relationship defined in equation (8)
implies that the aggregated systematic risk can be decomposed into components
associated with the securities within an industry and the component associated with
all other securities outside the industry. The disaggregated information has shed
more light on the systematic risks which are generally used in security and port-

folio analyses.

IV. Summary

In this paper, a synthesis model has been derived to integrate the Sharpe
model with the Simkowitz-Logue model to avoid the problem of multicollinearity
associated with 2SLS used by $-L. It is shown that the seemingly unrelated
regression estimation method developed by Zellner can be applied to the synthesis
model to take care of the interdependent relatiomship of security returns in
the same industry. From the relationships among the Sharpe model, S-L model,
and the synthesis model, it is shown that the aggregated systematic risk can be
decomposed into components in accordance with possible sources of impacts.
Empirical results of seven oil firms are used to demonmstrate that some accounting
information ~ leverage and dividend policy indices-might be used to increase the

explanatory power of the diagonal security market model in capital asset pricing.
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1.

It should be noted that S-L choose indices of profitability, leverage, and
dividend policy as firm specific accounting information to include in the
model as it is assumed that these factors will have the greatest impact

on determining security returns. While others could be added or substituted,
these same variables will be used in the present study to maintain continuity
with the $~L study.

Klein and Nakamura [1962] and Fox [1968, 472-475] have discussed the possible
problem of multicollinearity associated with 28LS in detail.

According to King [1966] and Blume [1971], the market explains only 30 per-
cent of the total variation in stock prices. King also found that approximately
12 percent of total variance could be explained by the industry influence.

Kamenta [1971] has explained why the SUR estimation method can be used to
pool the time series information into the cross-section information.

Following Simkowitz and Logue [1973], the profitability index is defined as
annual retained profit (retained earning plus interest and preferred dividend)
divided by total assets; the leverage index is defined as annual change of
long term debt plus annual change of outstanding preferred stock divided by
total assets; and the dividend policy index is defined as annual change of
total dividends divided by the book value of equity. Since annual instead

of quarterly data are used in this study, the annualizing procedure used

by S~L is not applicable here. It should be reemphasized that other firm-
related variables can be added or substituted for those chosen by S-L.

A white noise series is a random sequence which in independent, normally
distributed with zero mean and constant variance. As no discussion of this
test is better than a necessarily brief one, the reader is referred to the
original work by Box and Jenkins [1970] for a complete discussion of the
(Q-statistic.

In the same vein, the 2SLS has been used by Miller and Modigliain [1966]
(m & M) to test the effectiveness of dividend policy in the electric
utility industry. M & M regarded their 2SLS results as striking. However,
it can easily be shown that the M & M results face similar problems with
those of S-L's as discussed here. As the explanatory power of M & M's
first-stage regression is essentially due to the dividend variable (see

M & M, p. 361), the correlation coefficient between the estimated earning
and dividends is approximately equal to unity. Hence, the dividend coef-
ficients of M & M's second stage regression are subject to strong multi-
collinearity problem associated with 2SLS. Moreover, since the R“ of

M & M's first stage regressions are only .50, .49, and .40 for 1957, 1956
and 1954 respectively, M & M's 2SLS estimators also are inefficient. From
M & M and S-L's empirical studies of applying 2SLS in financial research,
it is clear that the multicollinearity associated with 28LS should be
carefully examined to avoid misleading conclusions,

The 3SLS is also applied to the 5-L model to obtain the simultaneous relation-
ship of security returns for these same firms. Tt is found that the efficiency

of 12 estimators has been significantly improved.

These results are avail-
able on request.
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Since S-L's empirical results do not give us enough information to estimate
the right hand side of equation (7), and therefore the £, obtained from
Sharpe's model is used to do the empirical tests., Thesejempirical results
are employed to demonstrate that the firm related variables are essentially
uncorrelated to the market rates of return. The same conclusion can also

be drawn by comparing the estimated systematic risks listed in Table II
with those listed in Table V.

The gain associated with the SUR estimation method is measured using the t-
statistic of the regression coefficient as the coefficient of determination
for the SUR estimation method is not provided by the SUR computer program.

Tt is cbvicus, however, that the efficiency of SUR is greater than with COLS.

1f the number of predetermined variables exceeds the number of observation
on each variable, we cannot apply the standard two stage and_three stage
least squares procedures to estimate the parameters. There is a sofcalled
problem of undersized sample. See Swamy and Holmes [1971] for detail.

In this circumstance, the sample size increase sharply and the gain associated

with the SUR estimation method is substantiated. OSee zellner [1962] for
details.
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