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1. Introduction

_ Recehtly Fabozzi and Francis (1978), Sunder (1980) and Lee and
Chen (1980), used the'randqueoefficient model developed'by_Hildfeth
and Houck (1968) and Theil (1971) tovstudy the stochastic nature of the
beta ebeffieients ebﬁained from the market model. They have used various
specifieat?ons»of the market model and assumed afbitrarily‘that the co-
varience between the error term of regression end the error term of beta
coefficient generatipg'process is:zefo. In addition, Lee and Chen (19805'
have_feund that multicollinearity problem exisﬁs invthe estimation of
the eepulation variance.of the stochastic beta coefficients.

The main purpeses of’this paper are (1) to'analytically compare
alternative models used to estimate raedom coefficient betas, (2) to
investigate the covariance between the error term of regression and the
error term of beta coefficient generating process, (3) to experiment
with‘simplificatioh schemes to alleviate multicollinearity problem, (4)
to use specificatien tests to determine whether the OLS or\the GLS
estimation methdd shoeld be used to estimate tﬁe random coefficient
parameters, and (5) to discuss the poSsibleknew implications of random

coefficent models to risk.decomposition end portfolio diversification
analyses. In the‘secone section, basic models used by previous reseerchers
are reviewed. A new model to generalize previous research is proposed.

In the third section, a_epecification testvderived by_Ramsey and Schmidt
‘(1976) fdr‘tesfing the.appropfiatenese ef'new‘random.coefficient model

is defined. Potehtial implications of this method to alternative methods
. of estimating random coefficient parametersvare,discussed; In the fourth

section empirical studies of using 451 firms are presented. Implications
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a33001ated Wlth these results in rlsk decomp081t10n and rlsk diversification
are discussed. Espec1ally, ‘the .covariance rlsk is hlghllghted in the
generalized risk,decomposition model. Finally results of this study are

summarized and the concluding remarks are indicated.

II. Alternative Random Coefficient Model Specifications
There exist two alternative fixed coefficient market models for

estimating beta coefficients.
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where Rit’ Rmt,'and R_., are rates of return for the i-th seéurity, market

ft
rates of return and risk-free rates iﬁ the t-th period. Equation (1) is

a non-risk premium type of market model [NRPMM] and equation (2) is a

risk premium.type of marke; model [RPMM] [see Fama (1976)]. Since Theil's
(1971) procedure for estimating the Variahce of ehevrandom ceefficient,'
1 i; is derlved under the assumptlon that the 1ntercept of the regression
is zero and equation (1) may be subject to specification error of omittlng
the th as p01nted out by Roll (1969), we will follow Lee and Chen

(1980} to use‘equaﬁion (2) for estimating the random coefficient,parameter.
It'is'well~known>£hat the intercept ai in eque;ion (2);15 theofeticaily
equal to éerqvfor‘the RPMM. Hence, eeuatioﬁ (2) isla more appropriate
model to be used in terms of fheil's method for‘estimating'randoﬁ coef-
ficient beta. ~Lef
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" then equation (2) can be written as



(3) : Yit‘= B Ko +el,
ol To ] fee] [ o]
. Where E | =1 |, Var -
| Bit] fig Pic] [° 01 "Oi.J
o

le; 1By 0] = 0 for £ # ¢

i
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Equation (6) is the specification used By all previous empirical studies

in investigating the randomness of beta coefficients., Fabozzi and Francis

(1978), Alexandef'and Bensen (1982) and others have rewritten equation

(1) as a'deviation'form;for_estimating the random coefficient beta. The

specification used by these authors can be defined as
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Both L andvyrmt are then used to estimate the random coefficient para-
meters in terms of Theil's.(197l) sbecification.’ This approach ﬁigﬁt

not be correct. The ﬁajot restriction assumption of using this approach
is the definition'of interéept.l» Sunder (1980) realizes this prdblem and

derlves a new multlple regres51on for estlmatlng random coeff1c1ent para-

meter. The spec1f1cat10n of market model used by Sunder 1is
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In equation (8), intercept al is a fixed 1nstead of random coefficlent.
Lolng equatlon (8) and procedure used by Theil (1971) Sunder obtained

e:jjuation (9) for estimating the random- coeff1c1ent parameters.
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If equation (1) is used to estimate the related parameters associated with
random coefficient for market model, then equation (9) instead of equation

(6) should be used. Hence, Fabozzi and Francisv(l978) and Alexander and
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.Bensen (1982) has used a misspeeified equatidn’te estimate random co-
efficient parameters. Two major eourcee,contribute the misspecification:

(i) Theil'seregression equation does not aliow'an intercept term. This mistake
has been made by Fabozzi and Francis (1978) and Alexander and Benson (1982)
(11) The covariance term, o1 is not necessarlly negligible. The

‘second potentlal mlstake has not been recognlzed by‘any of the previous studies.

In this study, we will test the importance. of the coefficient assoc1ated

with this covariance term.

ITTI. Alternative Methods for Estimating Random Coeffieieﬁts

There are three alternative methods which can be used to estimate the
random coefficient parameters. These methods are (i) the Maximum
Likelihood [ML] method used by Warren and Hildreth (1977), Bos (1982).
(ii) The generalized least squares method [GLS] used by Theil (1971),
Hildreth and Houck (1968); Fabozzi and Francis (1978), Alexander and
Benson (1978) And (iii) the ordlnary least squares (OLS) method used
by Lee and Chen (1980) and Sunder (1980). |

"Theoretically, either the ML or the GLS method is a.generalized
me;hod of the OLS ﬁethod.' However, empirically the OLS methqd might be more .
Suiteble(thaﬁ the GLS method in'eStimafing the random eOeffieient‘parameters.
'The investigation ef this issue.can‘be reéarded as an edditional coﬁtribqtion
of this study; Obenchain (1975) used the mean square error (MSE) criteria
“to derive the condition for the ordinary leaet equares (OLS) to be superior
to both Gauss—Merkov generalized least squaree’(GLS) and the biased 1east
square (BLS) associated with ridge regression. He foued that the OLS
or the‘diegonally weighted least squares estimates are superior to both
GLS and BLS when the problem is to estimate p0531b1e lack-of-flt (or

mlsspec1f1cat10n) model.
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To investigate whether equations'(é)_and (6) are misspecified or
not; theAtechnique of testing misspecificatibnberror developed by Ramsey»
and Schmldt (1976) w111 be used to do emplrlcal s#udy in ‘the next sec-
't;on. Ramsey and Schmldt s procedure will be descrlbed as .following.

Using the specifiéationlanalysis technique,'Ramseyvand Schmidt de—
rived the élternati?ebapproacheé as defined in eQuationv(lO)'for testing

the misspgcification of equation (4) or equation .(5).2

>
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| where #t =ﬁe" e't,

the OLS residuals associated with either
equation (4) or equation (6).
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where Z is the data matrix associated with independent variables of either
equatibn (4) or (6). The F value associated with (10) can be used to test

whether the linear model as indicated in equation (9) is misspecifiéd or not.

IV. Empirical Work

In this section data from 451 firms during 1965-1977 are used to
investigate how‘alternative estimation methods and specifications can
affect the random_coefficient»beta'eStimates. There‘are twé major speci-

fications as defined in equations (4) and (6) for testing degree of
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randomness éSsociated with beta coefficient. Under each spec1f1catlon,
both OLS and GLS can be used to. estimate the random coefficient para-

meter,

A) 091 = 0 Case N |
If.cbl is assumed to be zero, then equatlon (6) is used to estimate
the ci. Both OLS and GLS ci estimates are calculated and the results
'are'presented in Table 1. The OLS estimate,of oi is obtained by applying_

the OLS estimation procedure to equation (6). Theil (1971) has shown

that the estimated residuals of equation (6) fit is distributed as

(11) CE(E

o

1e) =
z 8y 2 L2 2
Var(fit) = 2(00Pt + Oth)
tlence is the weighted least squares should be used to estimate q%.
The weight to be,uéed is VE(OgPt + ciqt)Q The rule used to determine
whether the OLS estimate or the GLS estimate of oi should be used has

been discussed in the previous section.

TABLE 1: The Nﬁmbef of Companies with Significant o

-Estimation Method : Level of Significance
' ‘ 57 1%
OLS 231 216
GLS C 72 37

Table lbindicates that the estimated oi?s obtained from the OLS are

statistically much more significant than those obtained from the GLS. If
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the OLS methbd is used there are 231 and 216 estimated oi significantly.
different from zero at SZ.aﬁd 1% significant level respeétively. If the

GLS is used, then these - are only 72 and 37 estimated 02

1 different from

zerovat 5% and 1% significant level respeqtiVeiy.
Now the-possiblé problems associated with the procedure of using

Theilis'méthod in estimatihg Qi is discussed. One of the problems in

: épplyihg Theil's'préceﬂure is .the high multicollinearity between Pt and
Qt.‘ In our sgmple,-the simple Cérrélation between Pt and Qt is -0.9986.
According to Theil and Mennés (1959) the problem of multicollinearity
can be alleviated by,simplifying-Pt_and Qt as l,and Xi. This isvrea-'
éonable when sample size is large and Xt ig small, In our study, the
sample size 151156,and Xt‘is the difference between the market rate of

return and the risk-free rate of return, which is a very small decimal,

With the simplification, equation (6) becomes (12).

e'% = 02 + oix

2 .
(12) it 0 : T I,

The step of estiméting GLS og and Oi is:

First, regressing e?% on Xi yields S2 and 52 Second, dividing e% ,

it 0 1° it
1 and Xi by JE(Sg + Sixi)»and then applying OLS yields 8§'and Si.
Again we can use the OLS estimate and the GLS estimate oi and Si to

test whether a beta coefficient is random. The empirical results are

shown in Table 2.

- TABLE 2: The Number of Companies with Significant Random Beta Coefficients

Estimation.Meﬁhodb_ i .' Level of Significance
' 57 v 1%
OLS ' _ 256 - 222

GLS o : 66 | 33
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" By comparing the results of Table 2 with those of Tabie 1, it is found
that the @ulticollinearity problem is alleviated by using the simplified

specification as defined in equatidn,(lQ). In other words, more OLS

estimated Ol

's are significantly different from zero when equation (12)

‘instead of equation (6) is used.

(B).'QOl #.O Case

If the:covafiance between eqﬁation error term and the random errors Qf
beta coefficient is not zero, théﬁ equation (4).should be used to.test the
raﬂdomness of beta coéfficient. To alleviate the problem of multicollinearity,
P, R, and Q_ of equétion‘(A) are replaced by I, x. and x%.» The weight used
in the GLS estimation is /7[8% + (ZSOl)vétv + 8% X%]. The empirical results
associated with equatién (4) are reported in Tables 3 and &4 respectively.’

1

Table 3 presents the number of companies with significant o2 estimates and

There are

Table 4 presents the number of companies with significant 001.3

131 and 175 OLS %1 estimates which are significantly different from zero under
1% and 5% significance levels. This implies that éQuation (6) might be a misspe-

cified equation for testing the randomness of beta coefficients.

TABLE 3: The Number of Companies with Signficant Random Beta Coefficients

Estimation Method » Significance Level
' 17 _ 5%
OLS S 206 <244

eLs o 41 67

TABLE 4: The Number of Companies with Significant Covariance Term

Estimation Method , : - Significance Level
: , _ ~ 17 . 5%
OLS - , 131 175

GLS v E 40- . 74
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V'To detect the possible misspecification associated with equations
(6) and (4) the Ramsey and Schmidt (1976)AspecifiCafion.erfor test as
'.defined in equation (10) is used fo do the analysis. It is foﬁnd that
Athere are about 40% of firms with specification érrors’under 5% signi~
fiéant level for'bofh,specifications (6) and f4); Two possible implications
associated with:these results, First, these resﬁlts imply that none of the
previousbresearches hés used a correct spécificétioﬁ to'investigate
the possible randomness of beta and risk aecompositiOn.‘ Secondly, this
misspecifiéation‘results imply that Obenchain's (1973) results should be
~ used to determine whether the OLS éstimatés or the GLS estimates should
be ﬁsed to test the existénce of'random beta céefficients.

Based upon Obenchain's (1975) MSE criteria of selecting alternative
estimation methods as discussed in Sectién LIL.OLS estimates. of o, and
001 might give us more information than‘thosé of GLS. Most recently
Bos (i982) used tﬁe maximum likelihood (ML) method to test the randomness
of beta coefficients., He found the OLS results‘are very. similar to the
ML reSults;4 This finding further supports our argument that the
OLS instead of the GLS should be used to estimate thevrandom.coefficient
parameter. | |

Following Lee aﬁd Chen (1980) and Lee and Chen (1982), random co-
efficient results imply‘that the standard'fisk decomposition method
should be modified. Usé Lee and Chen's approach, thevimplicatiohs.of
our new findings‘aséociatéd with covariance term on risk decomposition
process are now explored. 1In accdrdance with equations (3), (4) and

(5), it can be shown that
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where Var(Y'i.t) = total risk
B?Var(Xit)'E syétematic risk.

é pure residual risk
]2. = beta estimation risk

2
it
X

001 = covariance risk

Under. the fixed coefficient market model, we generally definevthe summation of.OS,
leit and 001X as nonsystematie riskf Under this generalized

epecification, we decoﬁpose the traditioﬁal nonsysteﬁatic into three
components. The first component fepresentsthe pure nonsystematic risk;

the second component represents the degree of randomness associated

with beta generation process;,the third component represents the eomove*

ment between the beta fluctuation and the fluctuation of pure re51dua1

’term; Sunder (1980) found that the degree of randomness for portfolio

betas is generally similar to those of 1nd1v1dual security. This imply
that_ofxi is generally not a diversifiable risk. 4001Xitvrepresents

comovement of two random terms and therefore, it is not necessarily a
diversifiable risk which can be diversified by portfolio formulation.

In sum, this generalized risk decomposition medel will prpvideisecurity
analysts and-portfolio managers with more information about the total risk com-
ponents of both individual securities and portfolios. It might be fruit-
ful to generalize Sharpe's (1963) diagonal model by using the generalized

random coefficient model developed in this study.
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V. Summary
| In thi§>faber impacts of alternatiﬁe_épecifiéation and estimation

methods onAfandom coeffiéient betas determination are,theoretically éndv
empirically'investigaﬁed in some detail. 'It.is found that the traditional
specification model is misspecified. A befter model is théoretically.and
empirically justified and‘proposed. ,It is also found that the OLS method»I'
is generally better than the GLS method for'estimating random coefficient
parameter estimate of beta coefficient. The comparisons of OLS estimate,
GLS estimate and Maximum LikElihood estimate are to be done in the future

research,
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FOOTNOTES

1See’Appendix‘A fbrvthefderivation,

2Cheng and Lee (1982) have used this kind of misspecification
error test technique to 1dent1fy the misspecification of alternative
market models. : '

3In both tables, results from both OLS and GLS are presented..
The justifications and interpretations of these results are 51m11ar to
those of Case (A) in this sectlon. :

4Bos (1982) has also generallzed the specification of beta coef- '
ficient to allow the autocorrelation of beta coefficient over time.
However, he has found that the spec1f1cat10n used in this paper is
generally accéeptable. It should be noted that the major weakness of
Bos study is that he has not considered the covariance term.
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~ APPENDIX A
The relationship»between“the fixedwcoefficient-intercept'and.the

random coefficient intercept,

The fixgd coefficient ‘and the random coefficient market models

can be defined as

.+ B, .
al BlRmt + e

(A-1) R i

it

]

(4-2) Rie = %p F By Ry +Hugy

The random coefficient market model of equation (A-Z) can be written

‘as

- = ] .>'c
A=3)  Rypmop o BRye g

I
~
Q

- ai) + (Bit - Bi)Rm + u,

where u¥* .
, it it t it

If o; = Rip = BiRmt’ then uit Canbe rewritten

- X = -—.. R B -
G Yie 0tit_. Rie T BsRae +'(Bit Bi)Rmt touyy

If ait,— Rit = -BitRmt,'then Equatlon (A=4) redgcg to

@=3) = By = B Ry = Ry * g

. If (A-5) holds, then the model as,indicatedxiﬁ equation (7) can be used
to  estimate the oi. The key issue is whether

a, - R, =-B, R
Yit T Tit B tfmt

holds or not. It follows from (Ae2)'that
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Consequently
‘n
1
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m

t

Hence Equation (7) cannot be applied directly to estimate-ci.



