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I. Introduction

In the Capital Asset pricing Model (CAPM) developed by
sharpe [22]. Lintner [14] and Mossin [6] the equilibrium rate of
return ot a security is related to its systematic risk (the beta
coetticient) in the following torm:
E(R)=R_ +f [E(R )-R] (1)
where E(R ) and E(R ) are the expected return on the security
and market portfolio, respectively and R is the risk - free rate
return. Application ot the CAPM to the cost of capital. capital
budgeting and porttolio management requires an estimate of the
true value ot beta.

The most common procedure for estimating 3 has been

Sharpe’s [21] market model. The estimated 8 from the market
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model will be biased and inetficient unless g is stationary. The
CAPM by itself does notimply either beta stationarity or any
particular form of nonstationarity. Market participants are
presumed to know the beta coefficients of the available securities.

Previous reseirch on the stationarity ot 4 has yielded mixed
conclusions. Blume [3] and Levy [13] concluded that the 8 of
individual securities is nonstationary; but as the numbers of
securities in a porttolio increases, the g of the portfolio becomes
more stationary. Porter and Ezzell [18] and Tole [25] found that
by altering the portfolio selection procedure the stationarity of
portfolio g's ohserved by Blume and Levy was reduced
considerably. Fabozzi and Francis [10] concluded that neither
alpha nor betais signiticantly different between bear and bull
markets.

A common shortcoming in previous studies is that the question
of "how to measure the stationarity of 3 of a single asset” was not
addressed. The correlation anavlysis used in the previous studies
provides only an overall measure of stationarity tor all the assets
and can not be used to study the stationartiv of g for a single
asset.

The purpose of this study is to analyze the shortcomings of the
statistical techniques used in the previous studies and to re -
examine the stationurity of g using more appropriate and more
powertul statistical techniques than have been employed in the

previous studies. In section two previous research on the
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stationarity of g and their limitations are analyzed.

Section three explains the sample and inttroduces two
econometric techniques which can be used to test the stationarity
of # of individual securitics and portfolios. Empirical results are
discussed in sections four and five. The conclusions and

implications are given in section six.

II- Background
A. Previous Studies

Blume [5] was the first researcher who addressed the question
of the stationarity of . His basic procedure was first to form six
non-overfapping 84 - month time periods trom July 1926 throuth
June 1968, For cach 84-mounth subperiod. g was estimated from
the market model as:

R =« + R

it

mt * Fll (2)
Where Rit and R are the returns on secutiry 1 and the market
portfolio in month t. Blume assessed the stationarity ot 3 by
computing the product moment and rank order correlation
coefficients of 3's in difterent subperiods tor porttolios of size
1,2,4.7.10.20.35.50 and 100. Porttolios were formed by first
ranking the security s in period t. Portiolios of size N then were
formed by selecting the tirst N securities for porttolio one, the
second N securities for portfolio two, and so forth. In period t+1

portfolio one had the same securities as in period t. The same

conditions held for all of the other portfolios. The degree of
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stationarity in 4 was measured by the magnitude of the correlation
coefticients between the s of portfolios in two periods. His
results showed that the Correlation coetticient increased us the
number of securities in i portfolio become farger. Bused on the
foregoing results he conctuded thut #'s of poritolios are more
stationary than j's tor individual securities.

Levy [13] tested the stationarity of 4 in o manner very similar
to Blume. His time period wis shorter and weckly returns were
used. However, the essence of his methodotogy tor forming
portfolios was the same as Blume’s. He alvo used the product
moment and rank order correlation coetticients to measure the
stationarity of 2. His conclusions were that the j7's are remarkably
stationary tor lurge portfolics and less stutionary as the porttolio
size dechnes.

Porter and Ezzell [ 18] replicated Blume's study and added a
random porttolio selection comparison. Thatis.in addition to
forming porttolios on the basis of ranked security ;7's Porter and
Ezzell formed the sume size portiolios with randemly selected
securities. The purposce of randem seiection was toremove the
inhernet numerical separation that results trom torming porttohos
on the basis of ranked security s, Their rescarch mdicates that it
random selection is used to form poritolios. the stationarity ot 3
shows no discernible relationship with the number of securities
a portfolio. Likewise. the uverage correlation coetiicientis not

very high-about 0.000. Their conclustion is that the stationarity ot
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A is a function of the porttolio selection process.

Tole [25] argued that to study the stationarity of 3 in a realistic
environment portfolios should be formed in a manner similar to
that used, by portfolio managers. He used portfolios
recommended by brokerage firms, research services, and tinancial
periodicals. The remainder of his study basically tollowed Blume's
methodology. The results of Tole’s research were that the g's of
porttolios selected on the basis of technical and tundamental
tactors are less stationary than the #'s of randomly selected
porttolios.

A study by Sharpe and Cooper [23] evaluated the stationarity
of B for risk - return classes. Their procedure was to calculte the 3
of the sccurities. rank the securities by g, and separate the
securities into ten risk-clusses where each risk - class is a decile.
The foregoing procedure was repeated for six years. Stationarity
was medasured by constructing a transition matrix. The entries in
the tranition matrix were the proportion of the securities that
were in risk-class iin period t and were in risk-class j in period
t+k. No tests for statistical signitficance were done. Their
conlustion is that securities possess substantial stability over time.

Fabozzi and Francis [10] used dummy variables to examine the
stationarity ot alpha and beta for individual securities over bear
and bull markets. Their study varied significantly from previous
research in that the significance tests were applied to individual

securities in contrast to one aggregate test for stationarity on the

[
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entire sample of securities. Fabozzi and Francis® conclusion is that
the varying economic forces associated with bear and bull markets
do not result in signiticantly different betas tor the difterent

market conditions.

B. Limitations of Previous Studies

Previous studies on the stationarity of g contain two major
problems. The first problem is that all of the previous authors
used equation (2). or some minor modification of it, to estimate /3.
In doing so they implicitly assumed that during the estimation
period A is stationary. For example. Blume used seven years of
datu to estimate . Thertore. Blume's analysis assumes that 3 is
stationary within each ot the seven-year time periods studied.
Fabozzi and Francis [10] assumed that 3 is stationary during a
bear or bull murket. A more appropriate approach is to use a
time series analysis that allows 3 to change during the estimation
period and then evaluate the stationarity of 8 within the specitied
time frame.

Another limitation of the correlation coetficient (P)is that it
can not be used to determine the stationarity of 3 for a single
asset. That is. if p<l we can not conclude that all of the individual
assets have nonstationary 3's, or which individual assets have
nonstationary A's or even what proportion of the assets have
nonstationary 4’s. Since in many applications, tor example

estimating The cost of equity tor public utilities, it is necessary to
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determine the stationarity of 7 tor o single asset. techniques other
than the correlation coctticicent must be used.

An ideal test tor stationarity would evaluate the constancy of
the individual asset beta over time by examining whether the
regression coefticients in the market model vary over time. In the
following methodology section we describe the data for our study.
the procedure used to form porttolios. and two econometric
procedures tor evaluating the constancy of the regression

relationship.

1. Methodology
A. Date

The universe of assets considered consisted ot all securities
listed on the Center for Rescearch in Securities Prices (CRSP)tape
with no missing data for the period of January, 1957, through
December. 1976. A radom sample, without replacement, of 200
securities was selected to study. Monthly security returns included
both price changes and cash dividends. Fisher’s Value Weighted
Marker Index was used as o proxy for the marker porttolio.

Since we wanted to insure that our results were not time period
specific. we separated the twenty vear time span into four
non-overlapping tive vear subperiods. A five vear subperiod wus
selected because this is a common estimation period tor . The
establishment of subperiods also allowed us to apply the product

moment and rank correlation procedures as a comparison to the



\’J‘Lluk—-lh: \YA

econometric procedures.

B. Portfolio Construction

Porttolios consisting ot 1.2.5,10 and 20 securities were formed
in two wavs. For cach porttolio formation method. equation
(Dwas used to estimate 3 for each security in each subperiod. In
portfolio method one securities first were ranked by 8. Then
porttolios of size N were tormed by placing the tirst N securities
in porttolio one. the second N securities in portfolio two, and so
forth. The number of porttolios of each size was 200/N.

The second set of portfolios was tormed by randomly selection
50 porttolios of size N (N=1.2.5.10 and 20) in each subperiod.
Random portfolios were used to determine it porter and Ezzell's
[18] conclustion that the stationarity of g for portfolios is a
function of the porttolio selection process remains valid when test

procedures other than correlation coefficients are used to

measure stationarity.

C. Statistical Tests

An appropriate statistical test tor the stationarity of # should
identify departures from constancy of g over time. Therefore, to
correctly study the behavior of # over time, equation (2) is
rewritten as:
Rl =a + ﬂl le +¢, (3)

Where the subscript t on « and f indicates that « and 8 may
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vary over time. In matrix notation equaiton (3) becomes:
Y =X o+ t=12..T (4)

Where /?; = (¢ B X 18 a (2XT) matrix of observations on the
explanatory variables (1 R ), Y is the vector ot returns on an
individual security or portfolio, and ¢ is a vector of disturbances.

The null hypothesis tor stationarity was tormulated as:

H:f8, =8,=..=0 t=12 ...T.

The alternate hypothesis was that not all of the s were equal.
[t 1s assumed that the variance of error term is constant in each
time period.

The stationarity problem is a special case of a general class of
problems concerned with the detection of changes in model
structure over time. Early works on detecting the changes in
model structures were done by Anscombe [1] and Anscombe and
Tukey [2]. They used ordinary least square (OLS) residuals to
investigate departures from model specitication. A major problem
wiht this procedure is that the plot of the OLS residuals, or the
plot of their squares, against time is not a very sensitive indicator
of small or gradual changes in the f's.

To improve the effectiveness of the OLS residual analysis in
detecting structural changes in the regression model, Page [17],
Barnard [3], and Woodward and Goldsmith [26] suggested that
the OLS residuals be replaced by the cumulative sum (cusum) of
the OLS residuals. That is, the plot of the OLS residuals
(e )should be replaced with a plot of the scaled cusum of OLS



o DE ey

residuals Zr where:
I A
Z=;c|(r r=12 ...T.
r t= 1

Dividing the cusum of OLS residuals by ¢, the estimated standard
deviation of the OLS residual, eliminates the irrelevant scale
tactor. The ditficulty with this approach is that there is no known
method of assessing the significance of the departure of the plot
of z_from its expected value line E(Z) = 0. The foregoing holds
because. as shown by Mehr und McFadden [15]., the covariance
tunction E[Z . Z ] does not reduce to a manageable form.

To avoid the problems associated with the cusum of OLS
residuals, Brown and Durbin {17] and Brown, During, and Evans
(BDE) [8] proposed using recursive residuals. BDE have shown
that under the null hypothesis of stationarity the recursive
residuals are uncorrelated with zero mean and constant variance
and therfore are independent under the normality assumption.
Recursive residuals are preferable to OLS residuals for detecting
changes in f# because untill a change takes place the recursive
residuals behave exactly as specitied by the null hypothesis.

Recursive residuals are detined as:

W=y - x b ) XX X)) xr]m r=k+l, ..., T(5)

Where k is the number ot regression coetticients, X'r_l = [xI, ...,
X, b, = (X X)'X Y, and Y = (¥, - ¥.)- The numerator of
equation (5) may be interpreted as a one period prediction error.

BDE used the recursive residuals to construct the cusum of
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recursive residuals and cusum of squares tests. Garbade's [11]
simulation study indicates that the cusum of squares test is more
powertul than the cusum test. Garbade also indicated that the
cusum of squiares test never gave misleading results when the
coetficients were in fact stationary. Also. the cusum ot squares
test detects nonstationarity in # even it # changes randomly over
time. For these reasons, we used the cusum of squares test to test
tor statinarity ot j.

The cusum of squires test uses the cumulative sum ot the
squares of the recursive residuals:

;
s =Y w-/ NV  w-or=k+ L.t (6)
Sk+1 =K+

Where s 1sa monotonically increasing sequence of positive
numbers with S, = 1. Lnder the null hvpothesis of stationarity. S,
tollows i beta distribution with & mean ot (r-k) AT-K). H s
rejected if | S - (r-k)/(T-k)) | > C toranyre[k+ 1.T]. The
vilue ot € for the desired confidene level and sample size is
given in Table 1 in Durbin [9]. The result of this test will indicate
whether or not 3 is statonary.

Another method tor testing the stationarity of 3is to consider
as a linear function of time. That is. for some economic or
hehavioral reasons. 3 either increases or decreases over time.
Specitication of 8 as a function of time is consistent with Blume’s
[6] explanation of the regression tendency of 3. The toregoing

hypothesis can be tested by a general linear test. Under the null
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hypothesis of stationarity. cquation (4), can be stated as:

Y =X 3 +¢ (7
Where 8 denotes that the regression coefficients of the market
model are stationary. Equation (7) usually is called a reduced
model. Under the alternative hypothesis the regression

coefficients are assumed to change as a linear function of time, or

yl = x’/';l + é‘l (8)
where:
B =8 + o, (9)

Substitution of (Y) into (8) vields

Y = X @3+ )+ ¢

which usually is called the tull model. The null hypothesis of
stationarity now can be tested by a comparison of the mean -
square increase in the expluined variation with the error variance.

The test statistic is calculated as:
F= SSE (R) - SSE(F) . SSE(F)
df (R) - df (F) dt(F)
where SSE(R) und SSE(F) are the error sum of squares of the

reduced and tull models. respectively. Likewise, df(R) and
df(F)are the degrees of freedom associated with SSE(R) and

SSE(F). respectively.

IV. Empirical Results Using Ranked Portolios
A. Correlation Coeflicients
The stundard ot comparison tor stationarity ot 3 studies has

been the research by Blume [5]. The correlation coefficients in
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our study (Table I), both product moment and Spearman’s rank
order, tend to be smaller than what Blume tound. However, the
general tendency of the correlation coetficients to converge to
one as the number of securities in a portfolio ncreases is in
agreement with Blume's results. The differences in magnitudes
may be due to ditferences in the time periods studied, the number
of porttolios of each size used. or the sample studied. The
limitations associated with the correlation coefticients makes it

difficult to draw firm conclusion concerning the stationarity of 3.

Portfolio Size Time Period
1/57-12/61 1/62-12/66 1:67-12,71
and and and
1:62-12:66 1:67-1271 1/72-12,76

PAM. Rank Order] PM. Rank Order PM. Rank Order

1 475 439 479 439 48 4065
2 S77 540 SN2 337 SS90 557
5 720 O8] 07 714 WAL 683
10 ISS 725 NS 807 Ay 737
20 002 027 UK 89l 8792 855

Table 1- Product Moment And Rank Order Correlation Coetlicients OF betas For Ranked

Poitfolios of N Scouries

B. Econometric Tests
Table 11 lists the percent of the portfolios of size N with
significantly nonstationary /3 as measured by the cusum of squares

and the time trending regression tests. The significance level was
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five percent. For the cusum of s$qu

portfolio that

ares test the percent of

were significantly nonstatinary generally declined as

Portfolio Size!

Cusum of Squares

1
iTime Tredning

to

h

10

20

ty

10

20

N

10

20

20)

January 1937 December 1961

3.0
20.0
12.

10.0

h

10.0)

Juanuary 1962 - December 1966

30.0

2000

January 1967 - December197]

Januany 197

10.0
13.0)
1.0
10,0
0.0

2- December 1976

26.0
250
12.5
150

10.0

10.0
15.0
10.0

20.0

8.0
S0
0.0
(.0

|
|
i
i
|
l!
|
|
|
i
|
|
|
1
i
|
[
|
|
]
|
|
|
|
!
i
|
|
|
i
|
|
|
_i
|'
|
i} 0.0

Table I1 - Percent of Ranked Portto With Significanily N

onstationary ﬁ
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the number of securities ina portfolio increased. This resultis
consistent with the correlation coetficient studies. In addition, the
cusum of squares testindicates that only about one-third of the
individual securities had nonstationary s or the majority ot the
securities had stationary 3's. Thus the conclution of previous
researchers, based upon correlation coefticients, that f’s tor
individual securities are highly unstable seems to be unwarranted.
Furthermore, the decline in the percent of porttolio with
nonstationary  as Nincrease implies that the variation in ot
individual securities is primarily random and the random
variations in 3 cancle each other outas the number of securities in
a portfolio increases.

The time trending test detects it A is a hinear tunction of time.
In other words. it test it fis increasing or decreasing over the
estimation period. The results of this study indicates that the liner
time trending tests generally identitied more porttolios as
nonstationary than expected by chance but fewer portfolios as
nonstationary that the cusum of squares tests. One reason for this
result it that the time trending test detects only o special type ot
nonstationarity (systematic change). Whereas the cusum of
squares test detects both systematic and stochastic nonstationarity
in f.

The results of the time trending test also indicated that the
majority of the nonstationary portfolios were those which had

cither extremely low or high betas in the porttolio formation
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period. This result is consistent with Blume's conclusion with
regard to the regression tendencies of 3.

In other words, the beta of a low (high) risk porttolio tends to
become larger (smaller) over the estimation period. In contrast to
the cusum of squares tests the time trending tests indicated. with
the exception of 1972-76 time period. that the percent of
nonstationary porttolios did not decline as the porttolio size
increased. An intuitive explanation of this result is that the
portfolios were formed trom ranked values of #s. In the ranked
portfolio selection. the extremely low or high beta porttolios
contain securities with extremely low or high betas and since betas
of these securities tend to move in the same direction. then betas
of these portfolios also tend to move in the same direction as
betas of the securities. As aresult, the percent of nonstationary

porttolios did not decline as the portfolio size increased.

V. Empirical Results Using Random Portfolios

The results of forming random portfolios are reported in Table
L. A comparision of Tables I and HI indicates that the results of
the tests on the ranked and random porttolios are in the same
general direction but the ranked portfolio respond more
systematically to changes in the porttolio size. The time trending
tests indicated that the percent of nonstationary portfolios were
smaller thun those in the runked portfolios. An obvious

explanation of this result is that in the random selection metdod
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Portfolio Size

Cusum of Squares

Time Tredning

h N

10
20)

[ %]

S
10
20

January 1957- December 1961
18.0
24.0
16.0
12.0
6.0
January 1962- December 1966
32.0
340
22.0
18.0
8.0
January 1967- December 1971
220
14.0
8.0
14.0
6.4
January 1972- December 1976
280
20.0
20
28.0

26.0

4.0
6.0
10.0
4.0
10.0

4.0

Tabie 11 - Percent of Random Portfolios With Sigmificantly Nonstationary b
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each security has an equal probability of being included in a
portfolio. Thus the random selection method substantially reduces
the probability of obtaining an extremely low or high beta
portfilio. As a result there is less chance of observing the
regression tendencies in the betas of random porttolios.

These reuslts suggest that the portfolio selection method
affects the outcomes of the stationarity tests. Therefor, our study
supports porter and Ezzell’s conclustion that the stationarity of

beta is a function of the protfolio selection method.

V1. Conclusions

The results of this study agree with those of previous
researchers who concluded that the stationarity of beta increases
as the number of securities in a portfolio increases. However, for
the four time periods studied, the maximum percentage of
individual securities with nonstationary f’s was 36.0%. Theretore,
in contrast to previous studies which concluded that #’s of
individual securities were highly unstable we conclude that the
majority of individual security ’s are stationary. This result is
significant in that many applications of # require an estimate of
individual security A’s and one of the major criticisms of 8 has
been that 8 is nonstationary. This criticism appears to have been
overstated as a result of an inappropriate application and
interpretation of the correlation coefficient as a measure of

stationarity.
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The time trending tests showed that betas of the extremely low
(high) risk portfolios become larger (smaller) over time. This
result supported the regression tendencies of betas which was
reported by Blume [6]. We also found that the regression
tendencies of betas occur more often in the ranked portfolio
selection method than in the random portfolio selection method.
This result is consistent with the findings of porter and Ezzell [18]
who stated the portfolio selection method affects the outcomes of
the stationarity tests.

The results of this study suggest that before using the simple
market model the stationarity of beta should be tested by the
susum of squares test, time trending regression or other
techniques wich are designed to test the stationarity of regression
coefficients [&]. If beta is found to be nonstationary, then the
market model should be replaced by a random coefficient
regression model [19 and 24] or a systematic parameter variation
model [4 and 20], depending on whether beta is changing
randomly or systematically over time.

Although we found that the majority of individual securities
and portfolios have a stationary beta, the application of beta
could be improved if several other questions could be answered.
Some of these are:

(1) what is the best historical time period (60 months, 48
months, etc.) for predicting beta?

(2) Does the application of data which is more closely
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associated with actual trading activity - tor example, daily
observations influence the observed stationarity ot beta and the
prediction of beta?

(3) Can the point in time when beta switches from being
stationary to nonstationary be identitied and predicted?

(4) What factors are responsible for the nonstationarity of beta
and how can these factors be incorporated into the estimation

procedure of beta”.

References

I- F. J. Anscombe. "Examination of Residuals®, Proceedings of the Fourth
Berkeley Symposium on Mathematical Statistics and Probability, Volume [,
edited by J. Nevman, PP. 1-36. Berekeley and Los Angeles: University of
California Press, 1961

2. F.J. Anscombe and J. W. Tukey. "The Examination and Analysis of
Residuals”, Techonometires, Volume 5 (1963). PP. 141-160.

3. G. A. Barnard. "Control Charts and Stochastic Processes”, Journal of
the Royal Statistical Society, Series B, Volume 21 (19539), PP. 239-271.

4- D. Belsley. "On the Determination of Systematic Parameter-variation in
the Linear Regression Models®, Annals of Economic and Social
Measurement,Volume 2 (Octover 1973), PP. 487-494.

5. M. E. Blume. "On the Assessment of Risk", Journal of Finance, Volume
26 (March 1971). PP. i-10.

6- ------- _"Betas and Their Regression Tendencies®, Journal of

Finance,Volume 30 (June 1975), PP. 758-797.



'Y The Stationarity of ...

7- R. L. Brown and J. Durbin. "Model of Investigation Whether a
Regression Relationship is Constant Over Time", Selected Statistical Papers,
European Meeting, Mathematical Centre Tracts Number 26, Amsterdam,
1968.

8- R. L. Brown, J. Durbin, and J. M. Evans. "Techniques for Testing the
Constancy of Regression Relationships Over Time", Journal of the Royal
Statistical Society, Volume 27 (1975), PP. 149-192.

9- J. Drubin. "Tests for sevial Correlation in Regression Analysis Based on
the Periodogram of Least Squarcs Residuals”, Biometrika, Volume S6 (1969),
PP. 1-45.

10- F. J. Fabozzi and J. C. Francic. "Stability Tests for Alphas and Betas
over Bull and Bear Market conditions”, Journal of Finance, Volume 32
(September 1977), PP. 1093-1099.

11- K. Cargade. "Two Mcthods for Examining the Stability of Regression
Coefficients”, Journal of the American Statistical Association, Volume 72
(March 1977), PP. 54-63.

12- R. V. Hogg and A. T. Craig. Interoduction to Mathematical
Statistics,Sccond edition, New York: The Macmillan Company, 1965.

13- R. A. Levy. "Stationarity of Beta Coefficients”, Financial Analysts
Journal, Volume 27 (November - December 1971), PP. 55-62.

14-J. Lintner. "The Valuation of Risk Assets and the Selection of Risky
Investments in Stock Protfolios and Capital Budget®, Review of Economics
and Statistice, Volume 47 (February 1965), PP. 13-37.

15- C. B. Mehr and J. A. McFadden. "Certain properties of Gaussian

processe and Their First Passage Times", Journal of the Royal Statical



S Sldd \YF

Society, Series B, Volume 27 (1965), PP. 505-522.

16- J. Mossin. "Equilibrium in a Capital Assct Market”, Econometrica,
Volume 34 (October 1966), PP. 768-783.

17- E. S. Page. "Continuous Inspection Schemes”, Volume 41 (1954), PP.
100-114.

18- R. B. Porter and J. R. Ezzell. "A Note on the Predictive Ability of Beta
Cocfficients”, Journal of Business Research, Volume 3 (October 1975), PP.
365-372.

19- B. Rosenberg. "A Survey of Stochartic Parameter Regression”, Annal of
Economic and Social Measurement, Volum 2 (October 1973), PP. 381-393,

20- B. Rosenberg and W. McKibben. "The Prediction of Systematic and
Specific Risk in Common Stocks”, Journal of Financial and Quantitative
Anaylsis, Volume 8 (March 1973), pp. 317-333.

21- W. F. Sharpe. "A Simplificd Model for portfolio Anaylsis",
Management Science, Volume Y (January 1963), pp. 277-293.

22 -eenen- . "Capital Asset Prices: A Theory of Market Equilibrium Under
Conditions of Risk". Journal of Finance, Volume 19 (September 1963), pp.
425-42.

23 oo . and G. M. Cooper. "Risk - Return Classes of New York Stock
Exchange Common Stocks, 1937-67", Financial Analysts Jounral, Volume 28
(March - April 1972). pp. 46-63.

24- P. A. V. B. Swamy, Statistical Inference in Rundom Coefficient
Regression Models, New York: Springer - Verlog, 1971,

25-T. M. Tole. "Stationarity of Beta in the Real World", Journal of the

Midwest Finance Association, Volume 6 (1977), pp. 123-133.



\YY The Stationarity of ...

26- R. h. Woodward and P. L. Goldsmit. Cumulative Sum Techniques,
Monograph No. 3. Icl Series on Mathematical and Statistical Techniques for

Industry, Edinburgh: Oliver & Boyd, 1964.



