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Abstract

The Mean-Variance Capital Asset Pricing Model (CAPHN) is
probably thes most widely-researched equilibriue pricing model
for capital assets. Systematic risk (beta) plays a central role
in +he theory, and much attention hasvbeen focused on what
constitutes the corract procedure for its estimaiicn. Several
autho:é have observed +that beta may not remain stationary
through time, They have further indic;ted that estimates of
beta, derived ignoring the effects of no#istationarity, pay be
of only limited value, from the vieupbint of both the portfolio
manager, and tha acadewmic researcher.

This study applies a new statistical procedure to
investigate beta-non-stationarity. The analysis conceptrates on
a well-known empirical study of the CAPM, in which an assumption
of beta-staiionarity appeared 2xplicitly. Th2 evidence pfo%ided

by this paper does not support the assumption..
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A. Introduction

The capital asset pricing model (CAPM) of
Sharpe-Lintner-Hossin (XIX, XIV and XV) provides a linear
relationship betieen the expected return on an asset, and that
ass2t's systematic risk (beta). Although the darivation of the
CAPM requires a nuamber of fairly strict assuamptions, it remains
the most widely-researched equlibrium pricing model for capital
assets, If has intuitive appeal, and its simplicity holds
considerable promise for making it suitable for practical
applications in a variety of fields.‘

The model, construct2d within a ‘single-pericd framework,
has been subjected to a large number of smpirical tests, R
necessarily ccnstrpcted within a multi-period framework. No
assumptions as to the stationarity of systematic risk appeared
in the derivation of the CAPM, The theory does irdicate, indeed,
that an asset's systematic risk may alter through fime as a
result of changes in capital structure and the adoption of-
projects from a different risk class than that of current
operations. Howaver, a necessary condition for the econometric
procedures employed in testing the model, has been that
systemétic risk should remain stationary over some period of

time,



This paper examines in some detail the validity of this
assumption of beta stationarity, with particular reference to
Black, Jensen and Scholes! (BJS) tests of th= CAPM (II)., It
should be emphasised that the current‘author is awvare of
criticisms of these and other tests, of a more fundamentél
nature, that have been made by Roll (XVII). Howaver this paper
is primarily concerned with the gensral implications of beta
non-stationarity for empirical research, for which the BJS study
provides a suitable 2xample,

Section B gives a reviaw of pravious work. Section C
discusses model spacification and describes the tests used in
the current pape&r\ggich are som2vhat novel to the field of
Pirance., The empiricai resulfs’appear in Section D, whilst

Section E provides conclusions,
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- B. A Reviaw of Previous Work

One of *the first attempts to address the question of the
possibl2 non-stationarity ofhsystenatic risk was a study by
Blume {III). Blume computed rank and product moment correiation
coefficients bestvween betas, estimated over two consecutive
saven-year ggriods, for beta ranked portfolios of various sizes.,
He concluded that whilst naively exﬁrapolated assessmaents of
future risk for larger portfoliocs were remarkably accurate,
these for individual securities were of limited value in
forecasting future risk. However his study did nct contain
statistical tests of this proposition.

Fabozzi and Francis (VIII) injestigated the stability of
bé%%% over bulliand beaz market conditions. Their study employed
duu;ies to test whether the nodei as a'whole repained stable
over the two regimes, and whether if it -did, ‘the instability was
due to a shift in alpha or a shift in beta., However,-they.found
no evidence that the model differed si@&}%ﬁgantly’hetueen the
tvo market conditions,

In a later study, FPabdzzi and Fréncis {IX) used a procedure
suggest2d by Theil (XXI) for analysing the residuals fronyan OLS
regression, in order to test for the’stability of a model. Their
results indicated that beta was non-stationary for a Significan@

2inority of the stocks studied, and that the degree of

} | * -
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non-stationarity was sufficient to render beta, for those
particular securities, unstable from the viewpoint of a
portfolio manag=ar.,

Recognizing the possible non-stationarity of systematic
risk, Bar-Yosef and Brown (I) reexamined an earli2r study of
Pama, Pisher, Jensen and Roll (FFPJR) of stoﬁk splits, They used
moving regrassions of length 60 months to analyse théjstability
of bsta in the period 54 months either side of the stock split,
Their findings were that the betas 2stimated rose up to the time
of the stock split, and then tailed off somewhat. However no
evidence as to the statistical significance of this cbservation
vas providéd. They argueq, PFJR's study ovarstated the benefits
to the existing shareholders, since at least part of the
increased r2turn observed, prior tc the split ?ate, could b=
accounted for in terms of an increase in risk.

Drawing on Rubinstein's work, Brenner and Smidt (V) arqued
that whilst there were theoretical grounds fqr believing
systematic risk to vary through time, the measure of absolute
riék might'renain faifly stationary. The% defined the following
relationship:

\j , B, = B./V,
J ]
. where Bj‘represents the ;bsolute risk of the jth
jizim; and v, 7

denotes its value, i
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4 comparison -was made of the 3wo models:

L, = .+ L. + .
rJt aj BJ e eJt (1)

¥ e (2)

rjt j j'(rmt/vjt—l) jt

I
R
+
w

No significant difference was found as to the fit each
zodel provided, and when the stability of each parameter, g and
J

Bj » ¥as tested using an analysis of

covariance, both appeared to exhibit significant ~
non-stationarity.

Transition matrices were employed by both Sharpe anq Cooper
- (XX) arnd Roenfeldt, Griespentroqg and Pflaum (RGP) (XVI) }o
investigate the stability of betas between tvwo time periods. RGP
then performed Chi-square tests on the data, and on the basis of
these tests concluded that no siénificant non-stationarity
existed, ’

In a racent study, Kon and Lau (XIII) used a maximunm
lik=1lihood estimation procedure; Whilst they placed restrictions
on the nuaber of seperate régiues‘(they allowed for two and
thres seperate regiames), they placed no ;estrictions as to the
ordering of the data.. They found that significant
non-stationarity 2xisted in the model, and that much of this
could be attributed to non-stationérities in beta.

Since we are at least partially interested in the stability

of systematic risk from a practical point of view, it is



, . .
worthwhile nggfhg that several authors have suggested that, in a

Bayesian context, OLS estimates of bet; will bz biased., Vasicek
(XI11) shovs-thaéféiven tha prior knowledge that batas are
distributed with aean one, and that their probakbility demsity
‘functiODQis of a2 bell-shaped form, OLE estimates of bet; that
“J : ’ ~_

are less (greater) than one, will be biased downwazds (upwards).
An intuitiveAexplanationAof this is that, givan the betas are
distributed in the way described, an estimate of béta less
(greater) than one has a higher probability of having a negative
{pcsitive) ertor associated with it than a positive (negative)
error, due tb the shape of the density function of the B
Apopulation of betas., Blume (IV) in a later study adjuéted his
beta estimates to take account of this bias, but concluded that
the bias was reslatively small, and that, however, there existed
real non-statidnarities'in the betas, and that theée

nen-stationarities took the form of a pronounced tendency for

betas to regress *towards their mean (one) over tiae,

- £



C. Model sSpecification amd Statistical Précedd;es

1f the capital market is in equilibrium at time t - T, then

the CAPM will be given by:

E(R, ) =R+ {E(R.) (3)

. - R
It ft mt’ ft}Bjt

where Eﬁ%t) 'i§ the expected return on the jth security or

portfolio in period t; r_ is the risk-free rate of interest;
E(ng' is the expected rate of return on the market

io; a =1 v ' i .J sure
portfolio; an Sjt LCOVﬂ%t,Rmtquvarﬂ%m)} is. the measure of.

.
sys+ematic risk for security or portfolio 1.

The marke+ model is given by:

v

= + . + e, N B ’
Tip T Oyt BypeToe ey ;fii} (4)

this may alternatively be exp ed{
= + 8 + {(8 8 . Y- o
Tye T %5 T By T UGBy 7 Byderg et =)\
where = - . - - m_; and 3 denotes the
Tie T Rie T Ree 0 Tme T Bpe T R B

mear of the B't oéerrth3>teéfing period., Xn OLS estimate

, 85 ‘ » = N
derived from (3) will be ‘an unbiased estimate of 3. , but in’
- ) : . >j e
gen=ral it will not be an unbiased estimator of the

trus g_t in any one period.
J .

Two approaches may be identified in investigating possible

- -

non-stationarities. Ong approach is tc¢ place a restricticn o
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the number of different values ihe By, mAY take, ﬁnd then to
test for;a significant difference betveen these Bﬁ£ . A second
7ap§roﬁch concerns analysing either the 6LS‘£esiduals or the
so~¢alled recursive residuals, in order to test for the
stabiiity of the regression model,

The tests used in this paper were developed by Brown,
Durbin and Evané (VI). Their tests are aimed at giving the
researcher a variety of statistical *'tools' with which to
invgstigate the stability of a model, and thess tests are all
contain=d on a program, TIMVAR, pr&duced by the Central
Statistical office Londén, England.vA brief description of the

tests is given below.

The éusum Test

Given the following regression model:

vy, =2 +‘b.xt + e, (6)

where the_>qt are assumed to be normally and independently
distributed errors with constant variance, the recursive

residual is definsd as:

- '- : ' 1 -1 ‘
wir) ={y = (a_;+ b -x )P+ x (x) X 1) Tx ] (7)

where w(r) is the rth recursive residual; v, is the rth
observation on the dependent variable, -

Y, a1 and br-l are the OLS estimates of a and b derived 2
8 %«’/




from a regression invclving only tﬁe first r-1 observations;
X, is the 2 by 1 vector of observations for the rth period;

and X ., is the r-1 by 2 matrix of observations for the first
r-1 periods. Thus the recursive residual may be thcught of as an
appropriafely-transforled prediction errcr. On the null
Eypothesis: no switch of regimes, the w(r) will be normally and
independently distributed, with 2xpectation zero and constant

variance, Further the Cucsum is defined as:

L

r
W(r) = I w(j)/s . (8).
=1 -

where s denotes the mean square residual over the entire
period. Under the null hypothesis, W(k+1),...W(T) will be a
segquence of approximately normal variables such that:

-

T BfW(r)} = 0
Vér{i(r)} =r =k

Cov{d(r),¥(s)} = min(r,s) - k

Thus the W{r) will, on the null hypothesis of stationarity,
follow a Brownian moticn starting at time = k:. The Cusus test

invelves investigating whether the W(r) depart significantly

1Note that recursive regressions may be run forwards through
time or backwards through time. Thus tvwo sets of Cusums can be
derived, looking at both sets yields additional insights as to
possible instability in the regression mcdel.

9



from this process. TIHf&R produces plqts of the Cusum series
against time, Exanples of such plots appear in fiqures 1 through
to 4 (the results of these are discussed in greater detail in
the follo;ing section) . The procedure adcpted for testing
non-stationarity in the regressibn nodel is to des'hounds

through the peints (k,za /{T-k)), (T, 3a /(T-k)), vhere a will be:

1.143 for 1% significance

0.948 for 5% significance

0.850 for 10% significance

Plots of Cusums that cross these boundaries indicate
non~stationarity in. the regression model, at the given level of
significance, the switch of regimes occuring at that point where
the bouhdary is crossed. This will occur’ when successive
recursive residuals take on the same sign, thus indicating that
the model estimated using data largely from earlier periocds (or
later periods, if the recursive regressions are being done
backwerds) yields biased forecasts, suggesting a suitch‘of
regil;s has taken place. It can be shown that when the Cusua
series crosses one of these boundaries, theff ovwing test

statistic will exceed a, for the given level of significance:

LV (T-K) . R{D)} /((T-3k) + 2r}| (9)

10



‘TIMVAR prints the‘maximum ¢f these for =2ach series of
recursive r=gressions, and these figures appear in Tables 5 and

6,

The Cusum of Squares Test

The Cusum of sguares is defined as:

r T
s(r) = { w1 2 win? (10)
j:l j=l

An appropriate transformation of the Cusum of sguares
yields (on the null hypothesis of stationarity) Pyke's modified
Kolmogorov=-Smirnov statistic C+, TIMVAR produces plots of the
Cusum of Squar=ss series, Examples of such plots appear in figure

5., The procedur= adopted is to draw a pair of lines:
S{r) = iCo + (r-k)/(T-k)
with Co:

0.1579 for 1% significance
0,1301 for 5% significance

0.1166 for 10% significance

These figures will understate the significance of our
results, because unfortunateiy the correct figures for our

particular sample size were not available at the time of

i1



uriting. Cusum of Squares series that cross these toundaries
indicate non-stationarity in the regrassion model, at the given
‘level of significance. When this occurs the following statistic

will exceed Co:
IS({c) =~ (r-k)/(T-k)| 1y

TIMVAR prints the maximum of these values for each set of
recursive regressions, and these figures appear in Tables 5 and

S

6.

The Homog=neity Test
The homogeneity statistic is calculated from the moving
regressions, and represents a standard analysis of covariance

approach., The test statistic is given by:

{T SSE(R) - SSE(U) Y/[kp - kJ}/{[SSE(U) /[T - kp]}

(12)

where SSE(R) represents the error sum of squares of the
regression over the whole period; SSE{U) is the sum of the error
sumas of sgquares of the seperate regressions ovar 2ach of the
sub-periods; k is the number of excgenods variables (including

the constant); T is the length of the whole period under

i2



consideration; n is the length of each moving regression; and p
is the number of subperiods.

On the null hypothasis: no suitch.of regimes, th2 test
statistic will be P distributed with [kp - k] and [T - kp]

degrees of freedom.

Quandt's Log-Likelihood Statistic

Quandt®’s log-likelihood statistic is given by:

Q = InfL[HOJ/L[HT]} (13)

that is, the log of the ratio
of the likelihood functicn under the null hypothesis
(stationarity) to the likelihood under the alternative
hypothesis (two regiames). In order to locate the break point,
the minimum of this statistic is taken (the length of the two
sub-periods being allowed to vary). Under the asSumption of
normality this is equivalent to choosing that break-point (and
the sub-periods associated with it) that minimises the SSE(U)/of
the test statistic given in (121. Unfortunately the /
distributional properties of this estimator of the break-point

are not known, thus in interpreting the results this must be

borne in mind.

The above tests are all designed to test for the stability

of a regression model. This paper is particularly interested in

13
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the stability of one of the parameters of a model, beta, To test
for the stationarity of beta individually, a regraession model of

the following form was employed:

. = da. + B.. + . + 8. . . . . .
rJt aj BJ rmt 611 DUM1 12 DUM1 rmt + 621 DUM2 + 622 DUM2 rmt

.DUM(p-1) + § DUM(p-1) .x__ + ejt (14)

"S- (p-1)2 €

where DUMk takes on the value 1 in the kth sub-period and 0
in all other sub-periods; p is the ﬁumber of sub-periods; and
all other termes are as previously defined. The pth sub-period
provides the reference periocd., The choice cf sub-peribds wWas
designed to match those used in the calculation of the
homogeneity tost statistic, The test statistic calculated from a
joint test of the significance of all the dummy parameter

coefficients in the abovz modal would be identical to the

homcgeneity statistic,.

4



D. Empirical Results

Tha empirical work in this study centres on the possible

non-stationarity of the betas of the the portfolios ussd by BJS

in their tests of tha CAPM. BJS arqued that the method by which

their portfolios were formed assured the stationarity of their
betas through tiaé. A chack of this assunmption was made by BJS,
The model, giién by {5), was estipated over four apeon~-overlapping
sub-peridds, and the regression results‘uefe tabulated., From a
visual inspecticn‘{they undertook no formal tests) beta was
judged to be ‘fairly stationary® for the majority of the
portfolios., Given this conc@usion, the best possible estimate of
a beta, was thought to be ptovided by a regression over the
vhole period. These estimates were then used in the second pass
regressions (of the sub-periods, as well as of the full period).
BJS did indicate that the alphas did not appear to remain
stationary over time, and they arqued that this reflected the
presence cf a zero-beta factor, and that the
Sharpe-Lintner-dossin CAPM might be Qisépecified.

The study of BJS, in common with other tests of the CAPM,

i5
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used portfolio data 2, in an effort to reduce the standard error
of *he a2stimates of the betas, and thus minimise the asymptotic
biaﬁes associated aith the second pass r29gressions, imn which the
estimaged¢befas appear as regressors., Since formation of these
portfolios ihvolved use of a great deal of computer time, and
hence expenée, it was decided to use a set of portfolios that
wers already available, and had been formed in a somewhat
similar mahner. The portfolios were those emp}oyed in a study by
Grauer (XI). Instead of the ten portfolios used by BJS , our
data set consisted of twenty b2ta-ranked portfolios,

in investigating the stationarity assumption of BJS, five
portfolios were employed, portfolios 1,5,10,15 and 20 (high beta
to low beta). The initial OLS regression results over the full
467 month period, January 19334 through to August 1972, are given
in tables 1 and 2, BJS emgloyed an equally weighted index as
their market proxy, hence w2 shall be priparily concerned with
the results using this index, although it proves in%erestinq to
nots what diffarence, if any, ié makes in using a value weighted
index.

As observed in previous empirical studies, tha high beta
portfolios had neqgative intercepts associated with them, and the
low beta portfolios had positive intercepts associated with
them, the theoretical value of the intercept beinq, under the

2If the returns on the securities forming a portfolio are not
perfectly correlated, then the standard error of the estimate of
the beta of that portfolio will be greatly reduced,

16



Sharpe-Lintner-Mossin hypothesis, zero.
Second pass regressions of the type performed by BJS, were
repeated for our data using all twenty estimates of portfolio

betas., That 1is, the following regression was run:

rj=y0

YRyt ey (13)

where fj is the mean excess return of the jth portfolio
over the risk-free rate for the testing period. From (3), the
hypothesised value of Y is zero, and the hypothesiséd valoe of
Yy is Em , the mean exceass returq of the market pcrtfolio
6}er the risk~free rate, for the testing pericd. The results are
due éo Grauer ({XII), and appear in tables 3 and 4. The betas
used for the sub—period§ Wwere estimated in those sub=-periods.
The similarity of these results to those obtained by BJS would
appear to confirm the validity of usiﬁg tﬁe portfolios formed by
Grauer as proxies for the BJS portfolios.

Tables 5 and 6 give the results: produced by TIMVAR. Using
an 2qually weighted proxy for the market pcrtfolio, two of the
Cusum statistics exceeded the critical valus at the 5% level,
whilst all of the Cusum of Squares statistics =xceesded the
critical value at the 1% level., The homogeneity statistics
produced additional evidence of non-stationarity, with four of
these exceeding the critical value for sub-periods of length 60,

and three exceeding the critical value for sub-pericds of length

120.

17



s

With a value weighted proxy for the market portfolio, a far
qreaﬁer degqree of non-stationarity se=2ms to exist., Three of the
Cusum statistics exceeded the cfitical value at the 5% level,.
Again all of the Cusum of Squares statistics exceeded the R\
critical value at ths 1% level., The homogenreity statistics all
excesded thé critical value at the 1% level barring omne, which
vas how=zver significant at the 5% lavel,

Evans (VII) suggests that the Cusum of Squares test may not
always yield identical results to the Cusum test., He argues that
large consecutive recursive residuals of opposite sign will show
up in the Cusum of Squares series, but not in the Cusum series.
FPurther the drawing of tbé bounds involved im th2 Cusum test is
‘dn approximaticn, the formulae for the trus bounds being
mathematically intractable, The bounds used in the Cusum test
will tend to understate the significance of the results. The
formulation of the Cusum of Squares test also involves an
approximation, and this approxiiation may lead to an -
oversta¥fement of the significance of the results. These facts
might explain the rather different results yielded by the Cusunm
and Cusum of Squares tests that werz2 found-in this study.

An interesking finding was that Quandt's log-1likelihood
ratio reached a ainimum, in virtually every instance, during
§orlid War II. It is difficult to know what imterpretaticn to put
on this result., It is hot clear from the data whether a

furndamental shift in the structure of the market came about as a

13



reSult of the War, or wh=2ther betas shifted considarably both
before and after the War, and that this finding is ﬁerely a
result of the constraint imposed by the use of this statistic
vis-a-vis the existence of only tvo reginmes.

Pigures 1 through to 4 show the plots of thosa Cusum series
that indicated instability in the regression model. Similarly
Figure 5 shows a sampls of-the plots of those Cusum of Squares
‘series that indicated instability in the regression model. The
evidence that these present does not seem'to point to a switch
of reqgimes dqring the War years, f

To test whether the instability observed in the regressigg
model arose through shifts in alpha or shifts in beta, a
regression of the forama: {12) was run, The results cf these
appear in Tables 7. Both alpha and beta appesared to move between

sub-periods. Th2 betas of the low risk portfolios appeared to

have shifted considerably through time,
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: Table 1
) . uR . . .
,m Summary of Results.for the Regression = . , !
r, =o.+B..r +e&, . . .
jt J mu mt Jjt ,

' £
Based on an Equally Weighted Proxy for the Market Portfolio (Fisher's A¥ithmetic .Index)

N , ~ . - . N s
Portfolio AuvA o. . B. t(a.? t(B.) , s.e. " wm, D.W.
f \ i 3 . i 3 S
) N
1 -0.3424 1.3411 -15.65 ' 62.25 . 0.0291  0.8928  2.20
: .,/rV . 3
5 ~0.0455 1.0466 -2.68 62.63 0.0226  0.8940 - 1.86
R : )
10 0,:1190 0.8838 6.70 50.49 0.0237  0.8457 2.16 S
15 0.2501 0.7510 16.08 49.03 T 0.0207 - 0.8379 2.09

20 . 0.5564 0.4469 30.70 25.04, 0.0241 0.5742 . 1.77:



Table 2

Summary of Results for the Regression

H.uﬁ

+ B..
]

Based on.g Value Weighted Proxy for the Market Portfolio (contained on the CRSP tapes)

Portfolio (3) Qu
1 -0.7397
o
5 -0.4186
10 -0.2049
15 . -0.0385
20 0.3755

1.7388

1.4193

1.2073

1.0392

0.6275

ﬁAwuv
-17.22
-15.42
nq.mw
~-1.79

15.31

t(B.)
J

40.93
52.88
46.51
48.82

25.88

0.0415

0.0262

0.0253

0.0210

0.0237

[N

0.7827

0.8574

0.8231

0.8367

0.45902

.

D.W.

2.10

2.01

1.81
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Table 3
Summary of Results for the Regression

r, = + .B. + e,
57 Y0 T M1ty J

Based on an Equally Weighted Proxy for the Market Portfolio (Fisher's Arithmetic Index)

- ~ ~ ~ -~ 2 :

i = - R .
Period Yy T o Yo Y, tly,) tly, = vy D
1/34-12/71 0.0119 0.0058  0.0066 7.006 ~5.952 0.745 1.95
1/34-6/43 0.0178 0.0054  0.0122 2.729 ~2.582 0.621 2.11
7/43-12/52 0.0130 0.0082  0.0050 5.195 ~4.804 ° 0.318 1.74
11/53-6/62 " 0.0087 0.0090  0.0009 5.162 -4.479 0.014 1.87

7/62-12/71 0.0084 -0.0027 0.0115 ~1.254 1.448 0.601 2.22
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Table 4

. Summary of Results for the Regression

r, = + vy .B. +e.
4 ‘ J «,o "1 J J

Based on a Value Weighted Proxy for the Market Portfolio (contained on the CRSP tapes)

~ ~ A ~

- 2

D B 1 : ' = .nu - w - -
Period ) . Y, Yy A<ov ﬁﬁ<w <Hv D.W
1/34~-12/71 0.0084 0.0047 0.0058 4.842 -3.386 0.741 1.67
1/34-6/43 0.0088 0.0040 0.0090 1.815 0.096 0.614 1.88
7/43-12/52 0.0110 0.0074 0.0047 4.307 -4.374 0.350 1.75
1/53-6/62 0.0085 0.0084 0.0015 4.460 ~3.654 0.031 1.84

7/62-12/71 0.0055 -0.0039 0.0103 -1.711 4.008 0.617 2.22
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Table 5
Summary of Results Produced by TIMVAR

Based on an Equally Weighted Proxy for the Market Portfolio (Fisher's Arithmetic Index)

Recursive Regressions Recursive Regressions Moving Regressions Log—~likelihood
Portfolio Backwards Forwards Homogeneity Statistic Ratio a
Cusum Cusum of Cusum Cusum of Length Length minimum at
Squares _ N Squares 60 120
N
1 0.3205 0.2899%* 0.6635 0.2916%* 0.69 0.66 3/46
5 0.4446 0.3513%* 1.0474%** 0.3214%* 2.07%%* 4.70* 8/43
10 . 0.5518 + 0.4393% 0.8576# 0.4275%* 2,17%* 2.24 11/43
15 0I87384# 0.4124* 1.1767% 0.3762%* 5.65* 6.66% 2/43
20 v 0.6814 0.3815* 0.8862# 0.2616* 7.64% 18.62%* 2/43

* = significant at the 15 level; *% = significant at the 5% level; # = significant at the 10% level.
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; Table 6
Summary of Results Produced by TIMVAR

Based on a Value meorwmm Proxy for the Market Portfolio (contained on the CRSP tapes)

Recursive Regressions Recursive Regressions Moving Regressions Log-likelihood
Portfolio Backwards Forwards Homogeneity Statistic Ratio a
Cusum Cusum of Cusum Cusum of Length Length minimum at
Squares . Squares 60 120
1 0.7376 0.2622* 1.0784*%* 0.1517* 5.71% 13.69* 1/46
m, 0.5281 , 0.2097* 0.5603 0.1592* u.mmm m“mo* 7/44
10 | 0.9357# 0.3352%* 1.4399%* 0.2716* 3.67* 8.43% 11/43
15 0.3948 0.3426%* 1.1647* 0.3071* 3.18* 4,36%* m\wQ

« 20 0.4970 0.2408* 0.9267# 0.2218* 3.35%* 2.74%% 11/42

* = gignificant at the 1% level; ** = significant at the 5% level; #.n significant at the 10% level.

1

ath.os
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Table 7
Summary of Results for the Regression

= + .r + 8§ .DUM1 + § rUCZH.H + 8 .DUM2 + § .DUM2.r + .
Tap = Oy P BT T O 12 mt  O21 22 mt | Cit

where DUML 1 for 1/34-12/43; 0 otherwise.

and DUM?2

1 for 1/44-12/53; 0 otherwise.
Based on an Equally Weighted Proxy for the Market Portfolio (Fisher's Arithmetic Index) .

The standard error-of each parameter estimate appears in brackets below each parameter estimate.

Portfolio mu mu 54 515 551 55 R D.W.

1 -0.32 1.32 -0.02 0.02 . -0.06 0.05 0.893 2.21
(0.05) (0.04) (0.05) (0.05) (0.07) (0.07)

5 -0.11 1.11 10.10 -0.11 -0.05 0.05 0.898 1.89 0

(0.03) (0.03) (0.04) (0.04) (0.06) (0.06)

10 0.04 0.96 0.12 -0.11 0.07 -0.07 0.849 . 2.20
(1.01) (0.04) (0.04) (0.04) (0.06) (0.06)

15 0.16 0.85 0.12 " 012 0.11 -0.11 0.847 2.17

(0.03) (0.03) (0.04) (0.04) (0.05) (0.05) ,

20 0.32 0.68 0.33 -0.33 0.15 -0.15 0.633 1.83

-(0.03) (0.03) (0.04) (0.04) (0.06) (0.06)
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Cusum Series - Backwards Recursive Regressions
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Cusum Series - Backwards Recursive Regressions
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PORTFOLIO |10

PORTFOLIO 5

Figure 2 Cusum Series - Forwards Recursive Regressions

Based on an Equally Weighted Proxy for the Market Portfolio
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Forwards Recursive Regressions
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Figure 5

Plots of Cusum of Squares Series

Based on an Equally Weighted Proxy for the Market Portfolio

(Fisher;s Arithmetic Index)
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E. Conclusions

O

our results indicate that tﬁe betas of the portfolios
studied dglnct appear to b= statio;ary through time. The
implication of this finding is that the time period over which
;n estimate of beta is to be used will dictate the time reriod
over which that estimate should be calculated. The shorter the
time period over uhich}thé‘model is judged to b= stationary, the
less;inforﬁafidn-uill one have with which to calculate an
estimate of betd. This is an unfortunaie fact, Thus atjany point
in tine»we may choose betweeh an estimate of Reta derived from a
regression over an appropriate sub-period, tha%“ﬁill be
unbiased, but may have a large standard error, due to small
saﬁple size, or an estimate of beta derived from a regression

over the whole period, that will in general be biased but may

have a smaller s+tandard error associated with i+<3

3Prom 2quation (5) the variance of the residual:
Zyp T {(Bjt - Bj).rmt + ejt}
will b2 given by:
var(z.,) = var(B.).var(r ) + var(e.)
3 3 ' m ]

ﬁ%%ére it is assuaed tha<*:

cov(B.,r. ) = cov(B.,e.) = cov(r_,e.) =0
3" m 3"73 m' 3
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Ignoring the non-stationarity of beta Qill’in genera; lead to
bias in tﬁe second pass regressiogs in tests of the CAPHM. gaking
into account non-statiorarities in the betas will lead to
astimates of'the betas, that whilst unhiased, may have larger
standa#d errors associated with thea, This increment in the
standard errors of the betas may increase the asyumptotic bias
presa2ant in the second pass reqreséions.

Th2 findings of this paper do not appear to offer coamfort
to the empirical researcher. However it is as véll that the

researcher be aware of potential deficiencies in his data.

3(cont'd) thus the variance of an estimate of 3, derived froam a
regraession using T observations will, be given Ey: .

var(Bj) = {var(Bj) + -Zar(ej)}/{ l(rmt - rm) 1

o3

t

Although var(3.) may be significantly greater than zero,
implying the existep%e of beta non-stationarity, the demominator
will increase with Increasing sample size, and this will tend to
raduce var(®,) .
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