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ABSTRACT
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itle of Studys LENGTH OF SAMPLE PERIOD AND OPTIMAL
PORTFQOLIOCS, '

ages in Study: 43 Candidate for Degree of Masters
of Business Administration

ajor Field: Finance

cope and Method of Study:. This study is designed to examine
the effect of length of sample period on the selection
of optimal portfolios which are derived by using the
historical records as the sources of data, The major
data are the S&P(500) Index and the prices of twenty-
five securities which are selected from the 500 Largest
Industries in 1980 ranked by FORTUNE, The sample peri-
ods in this study range from two years (1979-1930) to
twenty years (1961-1980)., The major models for the
selection of optimal portfolios are the single index
model and the constant correlation coefficilent model.
Also, the regression analysis methods are used for de-
termining the significance of time effects on the se-
lection of optimal portfolios.

indings and Conclusions: In general, there is no relaticn-
ship between the length of the sample period and esti-
mated security characteristics under the single index
model and the constant correlation coefficient model.
Moreover, the length of the sample period does not af-
fect the composition of optimal portifolio.
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CHAPTER I

s/

INTRODUCTION

A portfolio is a set of securities that belohg to an
westor., The invéstor's goal is tolobtain the,highest re-
irn for a givén level of risk. He tries to accomplish this
»al by using the tools of portfolio management, Portfolio

inagement consists of the following steps (see, e.g., Smith

BEDY!

1. Portfolio planning, which includes specifications of
1e investor's wealth and attitudes toward risks and the
stablishment of investment criteria}

2., Investment analysis, which includes economic, indus-
‘ial, and security analysis; - |

3. Portfolio selection, which includes selection models
d criteria to determine the opfimal portfolio;

L, Portfolio evaluation, which includes performance mea-
rement and performance comparison; | |

5. Revision of portfolio,

is study will concern the problems associated with the
ird of these steps--portfolio selection.

Modern portfolio-selection theory dates from Marko-



itz's (2)(3) pioneering articles published in 1952 and his
ubsequent books. Expanded from Mérkowitz's theory. a large
mount of theories and modeles were developed. But almost
very approach to portfolio selection'utilizes, more or less,
he historical records of stock prices.and dividends as the
ases for forecasts, These historical data thus become the
nportant sources of information in the portfolio-selection
rocess, But there are some probiems”involved when an ana-
yst is trying to apply the modern portfolio theory for the
alection of optimal portfolios. The major problems men-

ioned by Elton, Gruber and Manfred (4)(5) are:

1., The difficulty in accurately estimating the types of
1put data necessary;

2. The time and cost necessary to generate efficient
yrtfolios (solve the quadratic-programming problems); and

3. When analysts use the historical records such as stock
>ices and market indexes to determine the optimal portfolios
ider different models, the preper length of the sample peri-
1 is hard to determine because its effect on the optimal

wwrtfolio is unknown and may lead to erroneous results,

This study focusses on the third problem--that is,
ie effect of the sample périod on the s2lection of optimal
rtfolios. The basic data required for this study are stock

‘jces of securities and Standard and Poor's(500) Index from



NYSE Daily Stock Prices Report. First, we use random-sam-
pling procedures to selec twenty five companies from the 500
Largest Industries in 1980 ranked by FORTUNE té) and assume
that they are the securitiee included in the optimal port-
folios, In order to get more data to test the effects of
sample period on the seclection of optimal pertfolios. we
estimate the wvariables such as mean return, standard devia-
tion, etc. of the twenty five selected securities in dif-
ferent sample periods which range from two years (1979-1980)
to twenty years (1961-1980). Then under two different mo-
jels with the option of short selling, we derive a set of
optimal portfolios in each sample period, At the end of
this study, we use the regression analysis methods to exa-
nine the relationship between length of sample period and
>ptimal portfolio and the significance of this relationship.
The main models applied for the selection of optimal
portfolios are the single index model developed by Sharpe
(7) and the constant correlation coefficient model develop-
2d by Elton and Gruber (5). In both models, the simple
sriterion developed by Mao (8) is also used to decide which
securities should be included in the optimal portfolios with
the option of short seiling.' And the conditions applied
for determining the optimality of portfolios were developed
oy Lintner (9) and Kuhn-Tucker (10).

The reasons to apply the single index model and the



constant correlation coefficient model for the selection of
optimal portfolios are: 1) The types of input data are easy
to determine; 2) All the necessary variables can be easi-
ly computed by the SAS (Statistical Analysis System) pack-
ages 3) These two models can provide more accurate results
than those from the linear programming approximations and
those from the quadratic programming models.

This study will begin in Chapter II with a review of
literature concerned with portfélio seleétion. Chapter III
will discuss the methodology utilized in the examination of
effect of length of sample period on the selection of opti-
nal portfolios., The results will be covered in Chapter IV,

Jhapter V will show the conclusions of this study.



CHAPTER II

I

REVIEW OF LITERATURE

Risk is "the uncertainty of future outcomes” or "the
progability of an adverse outcome.” Almost any kind of in-
vestment involves different degrees of risk. One basic as-
sumption of portfolio theoiy is that any investor wishes to
maximize the returns froﬁ his investments. In order to ad-
quately deal with such'an assumption, certain ground rules
must be laid. The first of these is fhat the portfolio be-~
ing considered by an individual should include all.of his
assets and liabilities, Not just stocks or even just mar-
ketable securities, butralsoisuchoitems as cars, hoﬁses,
coins, etc., should be included. We also normaily agsume
that investors are risk averse, and it appears to be a rea-
sonably accurate generalization. Any rational investor
would prefer a higher return to a lesser return; unfortu;
nétely, a higher return‘normally involves a higher degree
of risk and, as.a result, an investor is continually‘faced'
with a compromise. Therefore, the continuousodeciéion-mak—
ing to derive the "optimal" trade-off between the expected
return and expected risk become the "core" of the portfoiio

theory.



The pioneering article on portfolio selection was that
»f Markowitz (3), who provided the basic theoretical frame-
work for the bubsequent developments in portfolio-selection
theory. Undoubtedly, his work gave us an "insight" and pro-
noted later studies in this field. Therefore, we will use
some space here'to introduce Markowitz's model., Markowitz's
nodel is based on severai assumptions regarding investor be-

haviors:

1, Investors consider each investment alternative as
being represented by a probability distribution of expected
returns over several holding periods,

2, Individuals estimate risk on the basis of the variab-
ility of expected returns.

3, Investors base decisions solely on ecpected return
and risk, i.e., their utility curves are a function of ex-
pected return and variance f{or staﬁdard‘deviation) of re-

-

turns only.

4, For a given risk level, investors prefer higher re-
turns to lower returns. Similarly, for a given level of

expected return, investors prefer less risk to more risk.

Under above assumptions, a single'asset or portfolio
of assets is considered to be "efficient” if no other assets
or portfolio of assets offers higher expected return with
the same (or lower) risk or lower risk with the same (or

higher)'expected return, In order to derive the set of ef-



ficient portfolios, he developed the following formulae:

n
E= X
i=1

1xi

]
(RN

R
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v X X.X.0,.
i=1j=1 + J 1J

where
Oij = corrélationvcoefficient of security i,
Xi = relative amount invested in security i
E = expected return from portfolio
V = variance ofvportfblio
Ri = expected return bn security i

The maximum return portfolio and minimum variance ﬁortfolio
became the "end points" of the efficient frontier. The op-
timal portfolio is the efficient portfolio with the highest
utility. This will be found at the point of tangenéy be-
tween the efficient frontier and the curve with the highest
possible utility for a given investor.

Martin (11), basen on Markowitz;s E-V model, deve-
loped the guadratic programming for the portfolio selection.
In his study, he used a real-world investment problem to
formulate his ﬁodel: | A

| n . n
‘Min { 0=V +'xl(i§1xini-- E) + kz(iglxi - 1) }

Xy

Then did the partial derivatives 36/3X, and solved the e-

-



guations with E= le R. and ,le =1, At the practical le-
vel, the formulation of precise probability beliefs about
securities under consideratibg entails problems. Almost,
any real—wor;d applications of this theory would include a
large number of securities, The cost of necessary cleri-
cal, processing, aﬁd ahalytical activities reqﬁiredlin such
an undertaking would preélude individuals and even large
institutional investqrs from using this model,

There is little quwétion that the most significant
and most popular developments in portfolio-seleétion theory
gince the Markowitz's mean-#ariance approach have been the
diagonal model {(also cailed single index model) introduced
by Sharpe (7). The major characteristic of the diagonal
model is the assumption that the returns of various securi-
ties are related only through éommon relationships with a
basic underlying factor., Sharpe proposed the foilowing mo-

del of the return from a risky security:

Ri = Ai + Bi + ci (i = 1’|ll'n)
I =A + Cn+1

n+1l

where R is the return on a risky security i, Al and the
A; are constants, and € ., and C, are random variables with

expected values of 2ero and variances Qn+1 and Qi,'respec-

tively, and the covariances between Ci and Cj are gzero for

all values of i and j (i#j).
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Helliwell and Mao (12) discussed the problems about
uilding the simple criterion for selection of optimal port-
olios. Before them, Latane and Young (13) tested four cri-
eria: 1) the mean of all portfolios, 2) market elastici-
y, 3) pure-risk yield, and &) expecfed value of securi-
y as the ranking rules to find out the optimal portfolios.
atane and Young's conclusion solved the problem: If one's
ptimal portfolio does not include all available'securities,
ow many securities should it include? Then, Evans and Ar-
her (14), using the method of simulation, solved the pro-
lem: Given that N securities are in the optimal portfolio,
hich n of the available securities are to be included?

Finally. in 1970, Mao (8) assumed that the pairwise
orrelation coefficient of all securities was a constant and
sed Lintner's (9) conclusions as the conditions of optima-
ity of portfolios to form a formula for the calculation of
he number of securities to be included in the optimal port-'
'olio. He also suggested a simp;e criterion——ui/bi-e for
electing the proper securities into optimal portfolios
here s is the expected return of security i and bi (Beta)
s an index of the nondiversifiable risk of security i.

Another important study is from Treynor and Black (15)
he main viewpoint in their study is that of an individual
nvestor who is attempting to trade profitably on the dif-

‘erence between his expectations and those of aAmonolithic,



1t

arket so large in relation to his own trading that market
ricés are unaffected by it. They also ignored the costsl

f buying and selling so that théy could treat the portfolio
election problem as a single-period problem (implicitly as-
uming a one-period utility function as given), in the tra-
ition of Markowitz,; Sharpe, and others., The conclusions of

heir study are abridged as follows:

1. It is useful in baiancing poftfolios to distiguish
etween two sources of risk: market, or systematic risk on
he one hand, and appraisal, or insurable risk on the other,
n general, it is not correct to assume that optimal balanc-
ng leads wither to negligible levels of appraisal risk or
o negligible levels of market risk,

2. The overall portfolio can usually be improved by tak-
ng a2 long or short position in the market as a whole.

3., The rate at which the portfolio earns risk premium
epends only on the total amount of market risk undertaken
nd is independent of the sigze of the investor®s equity and
f the composition of hig active portfolio.

L4, Optimal selection in the active portfolio depends only
n appraisal risknand appfaisal‘premiums.

5. The appraisal ratio depends only on 1) the quality of
ecurity analysis and 2) how efficiently the active port-
0olio is balanced.

Another topic discussed in Lintner's (9) and Kuhn-



ucker's (10) studies is the condition to deal with the pro-
lem about short selling in the selection of optimal port-
olio. From their studies, we obtain the useful condition
hich can be applied in this study.

The studies which are summariged in the.pfeceding pa-~
agraphs are the major references for this study. All the
bove studies are the important articles in the field of

ortfolioc selection. In addition the others are:

1. Evans' study (16) to discuss the comparison between
he Fixed-Investment-Proportion-Maintenance (FIRM) strategy
nd Buy-and-Hold (B&H) strategy for portfolio management,

2, Fama's (17) Mean-Semivariance (E-S) approach for the
election of portfolio.

3, Baumol (18) suggested the Expected-Gain-Confidence
imit (E-L) Criterion for the selection of portfolio.

4. Roy (19) suggested the "Safety First" theory for the
srtfolic management, . |

5, Jean (20) developed the Multidimensional-Portfolio-

nalysis techniques for the selection of optimal portfolio.

In the next chapter, we will introduce the methodology

£ this study.



CHAPTER, III
METHODOLOGY

(A) Sample and Data

The sample of securities comes from the 500 Largest
sdustrials ranked by sales in 1980 by FORTUNE, The major
surces of data are from the monthly stock prices of the
venty five selected securifieé énd the market index which,
2 this étudy, is the Standard and Poor's(500) Index. The
mthly stock -prices and index are drawn from the close
~ices and the average S&P(500) index on the last trading
1y of New York Stock Exchange (NYSE) in a month,

In order to examine the effect of length of sample
:riod on the selection of optimal portfolios, different
umple periods are taken. Table-1 shows the fourteen sample
iriods, |

Based oh these stock prices and S&P(500) indexes in
ich petod, we can derive'all the estimated variables appli-
| in the single index modei and the cohstant correlation
efficient model for the selection of optimal portfolios.
le variables are mean return (expected return) on security,

:andard deviation of return, beta coefficient, and residual



TABLE 1

e

Sample Periods

No, of
No. Period Months
1 1979 - 1980 2k
2 1978 - 1980 36
3 1977 1980 L8
4 ',1976 1980 60
5 1975 - 1980 72
6 1974 - 1980 8l
7 - 1973 - 1980 96
8 1972 »19802 108
9 i971 1980 120
10 1969 - 1980 144
11 1967 1980 168
12 1965 - 1980 192
13 1963 - 1980 216
1k 1980

1961

- 2ho
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~ror (residual risk) from the regression line which descri-
»g the relationship between security and market index. All
1e computations of estimated varialbes of each stock have
sen derived with the use of the computer package--SAS,
Throughout, all the figures are on the monthly basis
1d we will assume the existence of a riskless asset. This
iplies that the separation theorem holds and that the in-
rigtor should maximize the ratio-excess return on'a portfo-
.0 divided by the standard deviation of the portfolio. Also,
iroughout this paper we will make the blanket assumption
iat there is at least one security in the set of all in-
sstment‘opportunities whose expected return is strictly

eater than the return on the riskless asset,

(B) The Single Index Model and the Construc-

tion of Optimal Portfolios

" {1) The Standard Single Index Model

First, we shall assume that the standard single in-

x model is an accurate description of reality. That is

1. Ry = oy + BT+ €
20 T=hps t S
3. E(€

1€ T L= Lim

L"! E(eiej) = OO . i = 1.,.-.,1’13 j = 1,....n:i7!j.



here Ri = the return on security i

I = a market index

@, = the return on security i that is independent of
changes in the market index

Bi = a measure of the responsiveness of secﬁrity i fo
changes in the market index (beta)

Gi = variable with a mean of zero and variance (resi-
dual risk) |

'Gi = the variance of the market index

The last two equations characterize the approximation
 the standard single index model to the variance-covariance
;ructure, The assumption implied by these equations is that
i1e only Jjoint movement between securities comes about be-

wse of a common response to a market index.

(ii) The Optimal Portfolio with Short Selling

The optimal'poftfdlio in the single index model is
e portfolio with the'highest excess return to standard de-

ation (6), That is

‘ - S &

Max e‘f - ‘p 5
p
— n —
d Ry = 3B X (R - Rp) * Ry
n n n n 5

- 222 2 2-2.,1/2

Ip = (B XiPTon *5Ey ;1% X BBy 5T XY 9¢)



here Rf = the riskless lending-borrowing rate
X. = the relative weightw we place on each security (

x>0 for a long position, X¢0 for a short posi-

tion)
R, = return of the portfolio (ﬁp is the expected va-
R
lue of p)
‘op = the standard deviation of the return on the port-
folio.

About the way to treat short sellings, we}are follow-
1g Lintner's (7) suggestion. This is that the short seller
ays any dividends which accrue to the person who lends the
tock to him and gets a capital gain ior loss) which is the
agative of any price appreciation., In addition the short
21ler is assumed to receive interest at the riskless rate
1 both the money loaned to the owner of the borrowed stock
1d the money placed in escort when the short selling is
ade, To find the set of Xi's which satisfy the optimality
F portfolio, we define Zi=('ﬁp - Rf/cg)xi and solve this ex-

ession for any Z;. Then we get:

Z- = 3 1 :f - C
i 2 B
Oe, +
1.
Z;
X3 = 33
a
1

1¢
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\eres

m =
G - i=1 %i
, 25 B2
140 ¥ ;.
1=l o
. 1

d iglixi]= 1 to assure that we have invested 100% of our
mnd. In this model we can derive a set of X;'s for each
mple period and use the equation mentioned at the begih—
g of this section to decide the expected return on optimal

rtfolio (R.).
b
(iii) Optimal Portfolios when Short Sales
are not Allowed

If short selling is not allowed then we must intro-
ce the constraints that all X20. This requirés employing

e Kuhn-Tucker conditions. That is:

B. | R. - R,

ere:

ziao, uizo, and “izi =0 for all i



1

Since uiao,,including By can only increase the value
f Zi’ Thus, if Zi is positive with ui=0. the including of
1 can never make it zero, Hence, if Zi_is positive when
; O the security should be included, If 24<0 when k=0,
ositive values of H; can increase Zi' Hdwever,'since the
roduct of My and Zi mﬁst equal zéro, positive values of My
nply Zi=0. Hence any security with Zi{O when ui=0 must be
ajeéted. In other words, we. will reject the securities
1ich can not satisfy the constraint--xizo. In order to do
1ese selection tests, we apply Mao's(11) simple criterion.

trst, let:

ilen we rank all securities with Bi'szO by the value of Q

. decreasing order and test CK to see whether it is less
an zero. This tests will start from the first security
ich has the highest Q (i=1), then the first two securities
=2), then the first three securities (i=3), etc. If i=k+1
ich makes CK<0 then the tests stop and we know that the
rst k' securities are included in the optimal portfolio.

en no more'positiye or zero B stocks are included, stocké
th negative B's should be tried in reverse order. Then,
use the same formula in the lasf section to form the op-

mal portfolio, We repeat these procedures in each sample

riod.
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(C) The Constant Correlation Coefficient Model
and Construction of Optimal Portfolios

-

(i) The Constant Correlation Coefficient Model

In this model, we assume that all pairwiée correlation
sefficients are équal. While this probably does not repres-
1t the true pattern one can find in the economy, it is very
fficult to obtain a better éstimate. Elsewhere (4), we
we known that this assumption produces better estimates of
iture correlation coefficients than those produced from o-
ler models., As mentioned earlier, the optimal portfolio is
at maximizes the ratio of excess return on the portfolio

v its standard deviation of return. Letting:

1. Gij = covariance between security i and j
2, 6? = the variance of Security i
= the correlation coefficient between any two

3.7
securities

4, all other as before.

a
— n — :
Rp = iflxl(ni - Rg) + Ry
n nn
g = I X?G? + & X X.X.0
Pog=1 * 3 g=pyeg 10

(ii) The Optimal Policies when Short Sales Are Allowed



2(

In this case, the optimal portfolio can be derive
jthout restricting the sign of Xi-and by using the follow-

ag formulaes

, o1 _1 Ry ~Be _ m 25 Ry - By
i Oi lam ol 1-m+25m J’l' oj
-2y
X3 = 738
L |z,
=1’

(iii) The Optimal Policies When
Short Sales Are Not Allowed

Again, if short selling is not allowed, then we have
» rely on the Kuhn-Tucker conditions. These conditions

iich maximizes 6 are:

2

n
1. Ry - Rp = 2305 - ;212593 "8 =0
J#1
2. Zi O' ui 0
3. 23070
lving for Zi’ we have:
g o1 1 | Fi-Re n_ X Rj-Re
i 1.-.@ of Gy 1-m k7 5aq 3
23
X 7%
L 2
=t %



The sign of Zi depends on the terms in the brackets.
ince the last term in the brackets is a constant for any k
f a security with a particular rate ('R'i-Rf)/ci has a posi-
Lve Zi’ then all securities with a higher ratio must also
» included. Therefore, we can apply Mao's simple criterion
zain to decide the securities which should be included in
1e optimal portfolios and then derive the desired optimal
srtfolios.

After reviewing all pairwise correlation coefficients
* twenty-five selected securities, we assume that the cbn—
.ant correlation coefficient is 0.4, Throughout,.the month-
» riskless rate of return is also assumed to be 0.45 which
. near to the present interest rate for saving accounts for

1 the calculations in each model,

(D) The Examination in the Effect of the Length of
Sample Period on the Optimal Portfolios

From section (B) and section (C), we derive four sets
optimal portfolios. Each set consists of fourteen dif-
rent optimal portfolios for each sample period,

First, we examine the relationship between sample
riod and estimated variables--mean return, beta coeffici-
ts and residual error of each security. Second, we exa-
1e the felationship between length of sample period and

timal portfolio in each model with the option'of short



elling. These examinations will be done by regression me-

hod and F-test.

LS



CHAPTER IV
RESULTS

(A) Estimated Variables

The major estimated variables used in the single in-
»x model and the constant correlation coefficient model in-
ude mean or expected return on securities and on the S&P
300) Index, variaﬁces of expected returns, beta coefficient,
rsidual errors for securities which are assumed to have a
.sponse to the market index, and standard deviations of se-
rities and the S&P(500) Index. Here we define the expect-

return of security i as:

k P, - P
k=1 P, ,
eres ﬁi = expected return on security i
Pt = gtock price of security i in month t
k = length of sample périod

In this study, we do not consider the dividends paid
any month, Also, all the estlmated vig}ables are calcu-

ted in fourteen sample perlods. Table 2 shows the results

the calculations for the sample period 1979-1980.

27



TABLE 2

Estimated Variables

>erjod: 1980 - 1979

Company ﬁj_ B i 62 ' Y%
A 0.991 . 0.702 86,928 9.669
B 2,217 1.214 58.458 9.327
C 5,617 1.957 57.806 11,635
D 2.242 1.303 53.200 ~  9.827
E 1.970 1.373 38.430 8.733
F 1.425 S 1.272 66,927 9.8%9
G -0.054 0.670 35.597 6.591
H 1.000 0,348 87.078 9,319
I 0.038 0.925 16.755 5.823
J 1.433 0.536 84,728 9.418
K 0.767 0.251 49,988 7.009
L 3.371 1.118 67.662 9.588
M 2.929 2.020 74,186 12.497
N 4,287 1.373 - 39.813 8.805
0 0.588 0.879 46.973 7.815
P 6,454 1.919 196,693 16.279
Q 0.913 1.214 140,781 12.848
R L, 304 - 1.075 39,807 7.896
S 4,863 1,277 77.090 10.335
T 1.100 1.502 69.150  10.646
U 0.242  : 0.658 31,443 6.255
v -1,375 1.454 125,967 12.829
W 1.958 1.480 72.285 10.726
X 0.446 0.782 28.385 6.319
Y 0.513 0.976 26,208 6.707




(B) Optimal Portfolios

We have deriied four sets of optimal portfolios.
ach set consists of fourteen optimal portfolios which are
rom the fourteen différent sample periods. In the first
ase that short selling is allowed, all the twenty-five se-
scted securities are assumed to be included in the optimal
yrtfolio. All the securities with negative X's afe those
31d short. Table 3 and Table 4 are the results of the se-~
;ction of optimal portfolios for the sample period 1979-
)80, ‘

In the second case that short selling is not allowed,
. re jected some securities to make sure that all X's are
eater than or equal to zero. In other words, all securi-
es included in the optimal portfolios must be held long.
ble 5 and Table 6 show the fesulfs for sample period 1979-
80. Also, Table 7 shows the expécted return on optimal
rtfolio in each samplé.period.

From Table 7, we have found that the expected return
optimal portfolio in the second case that short selling
not allowed are highef than those in the first case,

ese differenceé result from the use of Mao's criterion to
the selection tests in fhe second case, Thése tests have
jected some securities whose expected returns are low and
stable (i.e. higher variance of return) and have resulted

reallocation of weithts placed on remaining securities.,
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TABLE 3

Optimal Portfolio Under Single Index Model
(Short Selling Allowed)

Period: 1980 - 1979

Company X. (%)

L

f
P
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= expected return on optimal portfolio
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TABLE &4

Optimal Portfolio Under Constant
Correlation Coefficients Model

(Short Selling Allowed)

Period: 1980 = 1979

Company X. (%)

| - §
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FNOVOARN R EPUWOREFWO ORJO R BN
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2| | = 100.

’Rp = 2,405%
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TABLE 5

Optimal Portfolio Under Single Index Model
(Short Selling Not Allowed)

Period:s - 1980 - 1979

Company Xi(%)
A ' 1.0
R 17.4
C 10.7
S 11,5
N 13.8
P 6.3
L 8.7
M 4,1
B 5.3
D 4.8
E 5.1
W 3.2
J 2.5
F 2.2
T 1.0
H 1.1
4 0.9
Q 0.3

L X. = 100.0
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TABLE 6

Optimal Portfolio Under Constant
Correlation Coefficients Model

(Short Selling Not Allowed)

Period: 1980 - 1979

Company Xi(%)
R 21.8

S 12.7

P 6.5

N 19,7

C 17.7

L 8.5

J 1.8

H C.8

B 3.5

D 3.5

K 0.6

M 2.7
):Xi = 100.,0

R_ = 4,384%

P

Zf



TABLE 7

‘Expected Returns on Optimal Portfolios

nit:s %

Simple. Index Model  Const. Corr. Coef. Model
Period Case 1 _Case 2 Case 1 Case 2
280-1979 2,418 3.817 2.405 4,384
380-1978 1,894 3.170 1,958 3.694
380-1977 1.699 2.619 ' 1.750 2.811
380-1976 1.763 3,063 1.841 3.043
780-1975 1,792 3.121 1,762 2.874
780-1974 1.752 2.485 1.755 2,534
380-1973 1,426 1,905 1.420 1.873
380-1972 1,441 1.910 1.432 1.905
380~1971 1.448 2,017 1.405 1.960
80-1969 1,078 1,324 1.073 1.325
)80-1967 1.037 1,384 1,036 1.369
)80-1965 1.132 1.479 1,098 1.441
)80-1963 1,099 1.279 1,043 1.384
180-1961 0.958 1,248 | 0.950 1.305
ise 1 = Short selling is allowed.

Short selling is not allowed.,

ise 2



(C) The Relationship between the Length of

Sample Period and Estimated Variables

By regression analysis methods, we have examined the
elationship between the length of sample period'and the es-
imated variables., In addition, we have plotted all the
ctual values of each variable against their predicted popu-
ation values. These graphs are good references fér deter-
ining whether the regression lines are fit.

Table 8 shows the régression statistics of mean re-
urn versus the‘sample period of each security. In the sta-
istics, F Value is the ratio produced by dividing MS (Model)
g MS (Error). It tests how well the model as a whole ac-
ounts for the dependent variable's behavior, If the signi-
icance’probability, labeled PR*>F, is small, it indicates
ignificance. R~SQ measures how much variation in the de-
sndent variable can be accounted for by the model. 1In
aneral, the larger the value of R-SQ, the better the  mo-
s1's fit. We refer to the F Value, R-SQ, and PR>F to de-
armine the relationship Between'ﬁean return and the length
£ sampie period. Not as might be expected, the regression
asults show no évidence fhat mean returns df securit& are |
trongly correlated with the sample period. Bﬁt we find
1at some securities which have stable and growing returns
~e strongly correlated with sample period.

Also in Table 9 and Table 10, we do not find any po-



TABLE 8

Regression Analysis

‘Sample Period vs., Mean Return

Dependent Variable: Mean Return of Security i
- Independent Variable: No. of Month

Company Ss., R-SQ c.V. F-Value PR>F
A 5.3 0.07 68 0.9 0.3622
B L4 0.52 57 12,9 0,0037
c 21.8 0.70 27 28.5 0.0002
D ,7 0.66 22 23.5 0.0004
E 2.7 0.29 L1 L.9 o.ol6lL
F 13.0 0.39 30 7.7 0.0167
G 3.4 0.46 6L 10,2 0.0076
H 3,0 0.36 L1 6.8 0.0232
I 1.6 0.70 50 27,5 0.0002
J 1.6 0.12 37 1.6 0.2350
K 2.5 0.30 75 5.1 0.0L40
L 6.2 0.28 48 L.7 0.0514
M 7.0 0.55 28 14,6 0.0024
N 12,6 0.57 31 16,2 0.0017
0 3.2 0.01 68 0.2 0.7039
P 28,2 0.65 38 22,4 0.0005
Q 6.2 0.10 708 1.3 0.2711
R 9,7 0.58 24 16,8 0.0015
S 16.3 0.63 31 20,1 0.0008
T 1,5 0.01 L3 0.2 0.7056
U 1.4 0.04 43 0.6 0.4720
v 7.0 0.00 306 0.1 0.8131
W 1,7 0.4k 19 9.5 0.0094
X 3.1 0.58 50 16.6 0.0016
Y 3.3 o.14 144 2.0 0.1881




TABLE 9

- Regression Analysis

Sample Period vs, Beta

Dependent Variable: Beta
Independent Variable: No., of Month

Company SS., R-SQ c.v, F-Value PR>F
A 0.32 0.14 15 1.9 0.1888
B 0.21 0.48 9 10.9 0.0063
c 0.13 0.07 5 0.9 0.3529
D. 0.10 0.13 6 1.9 0.1966
E 0.12 0.12 8 1.7 0.2190
F 0.19 0.08 11 1.0 0.3420
G " 0.25 0.62 10 19.5 0.0008
H 0.57 0.48 19 11.0 0.0062
I 0.20 0.31 11 5.5 0.0369
J 0.22 0.31 14 5.3 0.0394
K 0.36 o.45 21 9.8 0.0088
L 0.08 0.01 7 0.1 0.8090
M 2,17 0.42 22 8.6 0.0125
N 0.07 0,00 5 0.0 0.5714
0 0.18 0.61 8 18.9 0.0010
P 0.92 0.67 12 23.7 0.0004
Q 0.12 0.12 8 1.6 0.2242
R 0.46 0.55 9 14,7 0.0024
S 0.20 0.02 13 0.3 0,594k
T 0.53 0.23 17 3.6 0,0819
U 0.15 0.12 14 1.7 0.2214
v 0.98 0.69 13 27.1 0.0002
W 0.49 0.71 11 28.9 0.0002
X O.U46 0.45 14 9.8 0.0088




TABLE 10

Regression Analysis

Sample Period vs. Residual Error

Dependent Variable: Residual Error
Independent Variables No. .of Month

Company SS. R-SQ Cc.V. F-Value PR>F

A 16435 0.02 30 0.2 0.6324
B bi93 - o0.21 32 3.3 0.0957
C 3519 0.61 13 19.0 0.0009
D 8205 0.69 21 27.1 0.0002
E 2878 0.51 23 12.6 0.0040
F L70 0.00 8 0.0 0.9919
G 6987 0.76 20 37.7 0.0001
H 2Lhily 0.06 16 0.7 0.4155
I 3725 0.50 38 11,8 0.0049
J 2384 0.00 18 0.0 0.9615
K 3120 0.31 24 5.3 0.0403
L 15673 0.09 18 1.2 0.2904
M 5011  0.16 18 2,2 0.1603
N 2582 0.62 16 19.4 0.0009
0 1598 0.44 15 9.5 0.0095
P 12690 o.44 23 9.4 0,0098
Q 5975 . 0,57 14 15.7 0.0015
R 5483 0.60 20 18,1 0.0011
T 5788 0.25 25 h,1 0.0657
.U 3801 0.00 27 0.1 0.7887
\'g L1491 0.55 24 14,7 0.0024
W 1389 0.52 13 12,8 0.0038
X 1222 o.42 . 20 8,7 0.0122
Y 1293 0.73 14 2.8 0.0001

W




sitive connection between the length of sample period and
beta coefficient or residual error of securify.- In other
words, all the results are opposite of what were expected
and give no indication that a relationship between the length

of sample period and éach estimated variable exists.,,

(D) The Relationship between the Length of
Sample Period and Optimal Portfolio

There are three factors that should be taken into con-
sideration for determining the effect of the length of sam-

ple period on the optimal portfolio. These factors are:

1, The changes of securities included in the optimal
portfolio., (It is not valid in the case that short selling
is allowed because we have assumed that all twenty-five se-
curities are included in the optimal portfolio.); |

2. The changes of weights placed on the securities in
the optimal portfolio; and

3. The changes of expected returns on the optimal port-

folios .

After referring to the compositions of all the opti-

mal portfolios in each sample period, we find:

1, No matter what sample period we choose, the securi-
ties selected for the optimal portfolios are almost the

same,
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2, In general, the weights placed on the securities in
;he optimal portfolio do not have significant changes when

fe alter sample periods,

We also regress the sample period against the expected
‘eturn on the optimal portfolio. The results of regfession
itatistics are shown from Table 11 to Table 14, From above
;ables, it appears that there is a strong correlation betweeﬁ
;he length of sample period ahd the expected return on the
yptimal portfolio.

In addition to the preceding results, the other thing
re want to mention before we draw any conclusions is the 1li-
iitations of this study. The limitétions which may create

some deviations from our conclusions are as follows:

1, The sample size in this study is small. Therefore,
‘epresentation of this sample to the population may be in-
iomplete.

2. The population considered in this study is narrowed
;0 the 500 Largest Industries in 1980, This may limit the
ffects of diversification on optimal portfolios.

3. Only fourteen observations are available for all the
‘egression analyses, |

4, Dividends are not included in the calculation of ex-

yected return on each security.



TABLE 11

Regression Analysis

3%

Sample Period vs. Return on Optimal Portfolio

Single Index Model

Short Selling Permitted

General Linear Models Procedure

Dependent Variables §p
Source DF SS. MS. F Value PR>F
Model 1 1,845 1,845 54,82 0.0001
Error 12 o.4o4 0,034

- Corrected Total 13 2.249




TABLE 12

Regression Analysis
Sample Period vs. Return on Optimal Portfolio
Single Index Model
Short Selling Not Permitted

General Linear Models Procedure

Dependent Variable: R

p
Source DF SS. MS, F Value PR>F
Model 1 7.142 7.142 23.18 0.0004
Error 12 3,697 0.308

Corrected Total 13 10.839




TABLE 13

Regression Analysis
Sample Period vs. Return on Optimal Portfolio
Constant Correlation Coefficient Model
Short Selling Permitted

General Linear Models Procedure

Dependent Variable: R

D
Source DF SS. MS. F Value PR>F
Model 1 2,071 2.071 69.00 0.0001
Error 12 0.360 0.030

Corrected Total 13 2,431




‘TABLE 14

Régression Analysis

Sample Period vs. Return.on Optimal Portfolio

Constant Correlation Coefficient Model

Short Selling Not Permitted

General Linear Models Procedure

Dependent Variable: R

P
Source ~ DF - S8,
Model 1 9.476
‘Error 12 2.840
Corrected Total 13 12,316

MS, F Value
9.476 Lo.0h4
0.237

PR>F
0.00¢C




CHAPTER V
. SUMMARY AND CONCLUSIONS

This study is designed to examine the effect of the
lengfh of sample period on thé optimal portfolio which is
derivéd'by utilizing the historical records as the sources
of information under the single index model and the constani
correlation coefficient model. bur hypothesis is fhat this
effect will be significant. In general, the results are op-
posite of what we expected.

The major findings and analyses can be summarized as

follows:

1., There is no significant relationship between‘fhe
length of sample périod and beta coefficient or residual
error'of security; In'every sample period, the fluctuation
on the beta coefficient is very 1little. This implies that
the beta coefficient of each security tends to be constant
even when the sample period of the historical records change

2, Within the twenty-five selected securities, only a
few securities which possess continuous, stable and increas-
ing rates.of growth (decline) in returns (i.e. stock prices

--especially in this study) show a strong relationship be-



h2

een their return and the length of sample period. - The o-
ers whose mean return is unstable does not show any con-
ction between the length of sample period and their mean
turn,

3. In the case that short selling is allowed and all twen-
-five securities are assumed to be included in the.op’cimal
rtfolio, over eighty percent of the fund is found to be
vested in almost the same securities with continuous, sta-
e, and increasing rates of growth (decline) in returns in
ch sample period. |

4, In the case that short selling is not allowed--that
, all securities cncluded in the optimal portfolio are held
ng, the optimal portfolio for each sample period always
nsists of the same securities with continuous, stable, and
creasing rates of growth in returns. !

5. The regression statictics show a strong relationship
tween the expected return on optimal portfolio and the

ngth of sample period,

Based on the results shown above, we have reéched the
llowing conclusions, First, it is clear that the effect
the length of sample period on the beta coefficient or
sidual errror of security is not significant when we use
e historicalrecords as the bases for the selection of op-
mal portfolio. Second, the effect of smaple period on the

an return on securities vary from one security to another.



1 general, sample period does not have effect on most secu-
Lties except those with long-term growths or declines in
*ices, Third, no matter what the length of sample period

> chooses it will not change much the composition of the
>timal portfolio, Fourth, statistically, it seems that the
:ngth of sample period has an effect on the expected return
1 optima.l portfolio, This implies that the shorter sample
:riod we rchoose fdr the historical records, the higher ex-
:cted Vre‘turn on optimal portfolio we would derive. Actual-
7» this conclusion is in contradiction to the above con-
Llusions. | Why does it happen? As we mentioned bvefore, the
>timal portfolio in each sample period always consists of
1e securities with 1ong-term increasing expected return.

1e expected return on 'security is calculated on the average
isis, Therefore, the most récent expected return on a se-
ity always tends to be the ‘highest one. Moreovef, owing
> the e;;pe.cted return on the optimal portfolio which is de-
srmined by the mean return of individual securities includ-
1in vthe‘ -optimal portfolio, it appears that the optimal
>rtfolia which is from the shorter sample period would have
igher expected. Yet, in essence, the higher return does

>t results from the choice of shorter samp],e period, but
rom the mean ret_urn of.indiv'idual securities. " Therefore,

2 can conclude that the effect of the length of smapl‘e peri-

i on the optimal portfolio is also not significant.
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APPENDTIX A -

COMPANY NAMES AND COMPUTER PROGRAMS
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APPENDTIX B

VARIABLES
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" FOR APPENDIX B:

MO = Number of Months

R1 = Expected Returns on Optimal Portfolios under Single
Index Model (Short Selling Allowed)

R2 = Expected Returns on Optimal Portfolios under Single
Index Model (Short Selling Not Allowed)

R3 = Expected Returns on Optimal Portfolios uﬁder Cohs-

tant Correlation Coefficient Model (Short Selling
Allowed)
R4 = Expected Returns on Optimal Portfolios under Con-
" ‘stant Correlation Coefficient Model (Short Selling
Not Allowed) |
AM = Mean Return of Company A
AB-

Beta Coefficient of Company A
AE = Residual Error of Company A
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