


UNIVERSITY OF

ILLINOIS LIBRARY

AT URBANA-CHAMPAIGM



Digitized by the Internet Archive

in 2011 with funding from

University of Illinois Urbana-Champaign

http://www.archive.org/details/diversificationi721sear





Faculty Working Papers

College of Commerce and Business Administration

University of illinoit at Urbana-Champaign





FACULTY WORKING PAPERS

College of Conunerce and Business AdministraLion

University of Illinois at Urbana-Champaign

October 24, 1980

Not to be quoted or reproduced in whole or in part
without the written consent of the authors. Cominents

or suggestions regarding it should be sent to the authors,

DIVERSIFICATION IN OPTIONS

R. Stephen Sears, Assistant Professor, Department
of Finance

Gary L. Trennepuhl, Arizona State University

#721

Summarv

This paper analyzes the return distribution parameters of alternative
option portfolio strategies. The findings indicate that the diversification
process for options operates in much the same manner as common stock — the
distribution parameters approach their assumptotic levels at approximately
the same level of diversification. Furthermore, the relative systematic
levels of the parameters across the strategies are in accordance with theory.
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Diversification In Options

Introduction

A recent paper by Merton, Scholes and Gladstein [MSG, 9] reported

that a portfolio consisting of 90% connnerclal paper and 10% options

provided a higher average return and a lower variance of return than

a stock portfolio comprised of the underlying securities. Two stock

samples were Included in the study:

1. The 136 securities on which listed options were available in

1975.

2. The Dow Jones Industrials.

The time period examined extended from January, 1963 thru December, 1975,

Since the resvilts reported in [9] were for the entire sample (as a

portfolio) , an important issue is "how large a portfolio of options is

needed in order to achieve the results similar to those in MSG?"

Statistically, how does changing the size of an option portfolio affect

the distribution parameters of average return, variance of return and

skewness of return? Or, alternatively, what are the diversification

effects upon the return distribution parameters of option portfolios?

A related issue, given the scenario in [9], is whether or not the in-

clusion of commercial paper (or some other fixed-income instrument)

alters the diversification process in any way.

Previous research with stocks, [7], indicates that randomly

selected portfolios of sixteen to twenty securities produces a variance

of return on the market itself, since at this level of diversification,

nearly all of the dlverslfiable risk is removed. In addition, evidence

exists that covered option writing portfolios achieve comparable risk
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reduction at a level of diversification of only five securities [5],

However, Klemkosky and Martin [7] have shown that an inverse relation-

ship exists between security volatility and the level of risk, reduction

achievable in a portfolio. Thus , since options are extremely volatile

instruments , it might be surmised that a large number of options will

be required to replicate the distribution statistics as reported in [9].

Furthermore, since alternative option strategies (e.g., in the money

vs. out of the money) differ in return volatility, the diversification

effects upon return distribution parameters may vary across differing

option portfolio strategies.

Concerning the above remarks, this research seeks to address the

following issues:

1. What are the diversification effects upon the return distribu-
tion parameters of alternative option portfolio strategies?

2. What are the relationships between the systematic parameters
of alternative option strategies and is the relationship
between exercise price and stock price (at the time of option
purchase) important in explaining the impact that diversifica-
tion has upon the return distribution parameters?

The first section will develop the relevant hypotheses concerning

these two issues. This will be followed by a discussion of the data

base and the methodology employed. The paper concludes with a report

of the results and a brief summary.

Analytics of the Issues

Diversification and its Effects on

the Distribution Parameters of
Option Portfolios

Conventional wisdom suggests that the return on any asset i (e.g.,

stocks, options) can be expressed in the following manner:
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(1) r. = u. + s^ + e^

where

;

r, = the asset's total return

u = a unique return portion

s . = a systematic (market factor) return portion

e. = an error term
1

= denotes random variables

The expectation of (1) is simply:

(2) E[r^] = E[u.+^^-f^^]

Subtracting (2) from (1) , squaring, and then taking expectations

yields the following:

(3) E[r.-E(r^)]^ = E[s.-E(s^)]^ + E[e.-E(e^)]^

+ 2 . E[(s^-E(s^)(e^-E(e^)]

Equation (3) simply states that the variance about the return on any

asset can be decomposed into its systematic and unsystematic components

as well as a covariance term.

In similar fashion, subtracting (2) from (1), cubing, and then

taking expectations yields the following:

(A) E[r.-E(r.)]^ = E[s.-E(s^)]^ + E[e.-E(e.)]^

+ 3 • E[(s.-E(s.))^(e^-E(e.))]

+ 3 • E[(L-E(s^))(e.-E(e^))^]
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Equation (3) states that the skewness about the return on any asset

can be decomposed into its systematic and imsystematic components as

well as two cross-product terms.

To analyze the effects of diversification upon the above return

distribution parameters, it is necessary to restate the results in

terms of portfolios. For a portfolio of m assets, (1) becomes:

(la) r = u + s + e
m m m m

Letting x. (i=l, ..., m) represent the proportion of the portfolio

invested in asset i, (la) can be redefined as:

„ M > m _

(lb) r * E X. (u,+e ) + E x.s.
° i=l ^ ^ ^ i-1 ^

^

By refining the second component of (lb), the elements of portfolio

return can be analyzed. Thus, let:

m _ m
(Ic) Z x.s. = Z x.a. (u'+e").,11 ,,iiss

1=1 i=l

where:

a. = denotes the responsiveness of asset i to movements in

the systematic (market) factor

u" = a measure of the expected return on the systematic factor

e~ = random fluctuation about u~
s s

Thus, s. has been decomposed into its unique effect upon each r, (the a.)

and its expected return and uncertainty (the u" and e", which are common

. m
to all r.). Letting Z x.a. = X_,

, , u" = u_, , , and e" = e_. , , (Ic) becomes;
1 *

, , i i m+1 ' s m+1 s m+1
i»l
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nrfl

(Id) r = 2 x.(u,+e.)
m .^^ i i i

Taking the expectation of (Id) yields the portfolio equivalent

of (2):

m+l
(2a) E[r ] = Z x, • E[u,+e,]

m .^^ i i i

Subtracting (2a) from (Id), squaring, and then taking expectations,

provides the portfolio equivalent of (3)

:

m
2 - - 2

+ Z x/ . E[e.-E(e,)]^
i=l

^

m+l m+l _ - . -

+ Z Z XX, • E[(e -E(e ))(e,-E(e ))]
i-1 JT'i - - -'

In similar fashion, the portfolio equivalent of (4) can be obtained

by subtracting (2a) from (Id), cubing, and then taking expectations:

m - - 3
+ Z xj • E[e^-E(e^)]-'

i»l

m+l m+l m+l .____.
+ Z Z Z xjc.x, • E[(e,-E(e,))(e,-E(e ))(e,-E(e^)

i=l j^i k^i ^ ^ ^ ^ ^ ^ ^ ^ ^
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Analyzing the return equation (2a) , it is a well-accepted principle

that diversification should not, in and of itself, increase or decrease

the rate of return expected on a portfolio of assets. The expected re-

turn should be a function of the systematic levels of relevant higher

moments (e.g., risk, and possibly others) since the unsystematic por-

tions of these factors can be eliminated via portfolio diversification.

Therefore, one should expect the average value of expected return to

remain constant (aside from sampling errors) throughout diversification

for an option strategy containing a given level of relevant systematic

factors.

Focusing upon the variance equation (3a) first, it is noted that

2
" "

2
since the systematic variance term, x^_^ • E[e .-E(e .)] , remains

constant (and represents the component of portfolio variance which is

attributable to movements in the market factor) as diversification

occurs (or as m-»M, the total number of possible options in a given

category) , the benefits of incireased portfolio size will depend upon

what happens to the last two expressions in (3a) . Concerning the

m
2 - - 2

unsystematic variance component, E x. • E[e.-E(e.)] , its average
i=l ^ ^

value -K) as m^. Furthermore, since its value is positive, diversifica-

tion reduces portfolio variance via elimination of this term. However,

the magnitude of this gain depends upon the behavior of the third term

in (3a) as diversification occurs. If the average value of this term

(as T!t*ti) increases, stays the same, or decreases, then the benefits

of unsystematic risk elimination will be reduced, unchanged, or increased.
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The third term captures the covariances among individual assets'

error terms as well as the covariances between an asset's error term

and the return which is attributable to movements in the market factor.

Since this term may be negative, zero, or positive, it is difficult

to tell, without measuring, whether the benefits of option diversifica-

tion will arise solely from the elimination of the unsystematic compo-

^ 2
nent.

Traditional analyses of common stocks have estimated the responsive-

ness factors (the a.'s) via the popular "market mDdel" where the resultant

a.'s denote stock betas. Hence, under this framework, x_,, would
i m+i

represent the portfolio beta. The employment of this approach most

nearly always assumes away the last term of (3a) by invoking:

(5) E(e^) « i = 1, .... m + 1

(6) E[(e^-E(e^))(e -E(e ))] i¥j i, j=l m + 1

However, there is some evidence (see [7]) that these assumptions

3
(especially (6)) may not hold. The point of all this is that what

has been observed is that portfolio risk approaches the level of risk

attributable to movements in the market factor, as portfolio size is

increased. What is not clear is whether all of the risk reduction

arises solely from the elimination of the unsystematic element, or

4
whether some of it arises from elimination of the covariance term.

In any event, for common stocks it has been observed, [7], that sub-

stantial reductions in portfolio variance occurs with moderate levels

of diversification.
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Based upon the analytic argiments given, one should expect diver-

sification to reduce the level of risk inherent in option portfolios,

with the asymptotic variation approaching the systematic variation

inherent in options.

Shifting the focus to (4a) , the effects of diversification upon

the skewness of an option portfolio are less clear than for portfolio

- ' " 3
variance. Again, since systematic skewness, Xf,, • E[e_, , -E(e_, , ) ] ,

nn"l m+i nrri

remains constant as diversification occurs, the effects of increased

portfolio size will depend upon what happens to the last two expressions

3 3
in (4a). The unsystematic term, I x. • E[e,-E(e. )] , will as before,

i=l
^

approach zero as portfolio size becomes large. But , whether or not

this tendency increases, leaves unchanged, or decreases portfolio skew-

ness depends upon whether the unsystematic term's sign is negative,

zero, or positive. Unlike the case for xmsystematic variance, the

sign of unsystematic skewness cannot be determined ex ante (since its

value is in cubic terms, rather than squared terms). In addition, the

magnitude of this effect will depend upon the behavior of the third term

of (4a) as m^. If the average value of this term increases, stays

the same, or decreases, then the effects of diversification upon the

elimination of unsystematic skewness will be reduced, unchanged, or

increased.

For common stocks, it has been shown [12] that the signs of the

last two terms in (4a) are both positive. Furthermore, the magnitude

of the imsystematic component was much larger than the covariance

component (implying that the majority of skewness reduction comes from
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elimination of the unsystematic component) . Since stock price move-

ments and option price movements are highly correlated, option skew-

ness should behave in the same manner as stock skewness. Thus, it is

hypothesized that the last two terms of (4a) should both be positive,

implying that diversification should reduce the skewness inherent in

option portfolios, with the limiting value being the systematic compo-

nent of skewness. Intuitively, this seems reasonable since as the

portfolio size is increased, portfolio return will approach its expected

value conditional upon the market factor's return.

Systematic Levels of Return Distribution Parameters; Stocks vs.
Options; Options vs. Options

Now that the hypothesized effects of diversification upon the

return distribution parameters of option portfolios have been developed,

the analysis turns to the relationships one should expect between the

systematic levels of the distribution parameters across alternative

asset portfolios. In particular, the focus will be on two types of

portfolios:

1. a portfolio of the underlying stocks.

2. portfolios of options similar in all respects except for the
relationship of stock price (at time of option purchase) and
the exercise price.

For some time now, research in finance has focused on the concept

that the expected return on a financial asset should be a positive

function of its underlying systematic risk. This notion has led to

the now famous "Capital Asset Pricing Model" (CAPM) which not only

formulates this idea, but also provides a mechanism for the pricing of

financial assets under specified equilibrium conditions (see [5]).
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An important issue is whether or not this systematic risk-

expected return hypothesis holds on an ex-post basis among alternative

option strategies as well as among options and stocks. In other words,

is there a positive (ex-post) relationship between the return and

systematic risk as exhibited between alternative option/stock strategies?

Alternatively, do option/stock strategies which exhibit higher levels

g
of systematic risk also earn higher returns?

To gain some insight into what one could expect after diversifica-

tion runs its course, consider the well-tested option pricing model as

developed in a seminal piece by Black and Scholes [2], Their formula

for the value of a call option is:

(7) C = P '-NCDl) - K . e~'^^*N(D2) .

where: P = stock price at time of option purchase

K = exercise price for the option

t* = time to maturity

r = risk-free rate

2V = variance rate about the stock return

N(*) * cumulative normal density function

Dl = [log(P/K) + (r+|v^)t*]/v/t*

D2 = Dl-v/t*"

The assumptions and development of this model are well-known and

need not be stated here (see [1], [2], and [5]). The general conclusion

regarding this model is that prices generated via its formula conform

very well with actual price options (see [9]).
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What is important, for our purposes, is that in developing the

valuation formula, an expression for the systematic risk of an option

9
is determined. The formula is:

(8) B = (P'N(D1)/C)-B
c p

where:

B = systematic risk of the option

B = systematic risk of the underlying stock

The problem with formula (8) , in terms of implementation, is that

(8) is specified for instantanous relationships. In other words, (8)

changes from instant to instant depending upon the parameters affecting

C (particidarly k and t*) . Even so, the model can be employed to pre-

dict ^rtiat theory would suggest to be the ranking among alternative

option/stock strategies' systematic risks and average returns.

Using (7) to make substitutions into (8) and simplifying:

(9) B =
c

K • e"^^*N (D2)'

N(D1)

-rt*
Because C is non-negative (P«N(D1) >_ K • e N(D2)), thus making the

ratio in the denominator ^ 1) , the denominator is >_ and <_ 1. Thus

B ^B . Hence, since nearly all stocks have positive systematic

risks, any option on a particular stock should have a level of systematic

risk at least as great as the systematic risk of the underlying stock.
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Since this relationship holds on a one-for-one basis, it should

also hold on a portfolio basis. That is, a portfolio of options should

have a level of systematic risk that is at least as great as the sys-

tematic risk, level of the underlying stocks and this relationship

should hold for every instant in time. Hence, if B . > B .: for
c,i - p,i'

all i (i=l, ..., m) , then:

m m
(10) Z X. • B . > Z X, • B ,

i-1 ^ '^^-i-l ^ P'^

But if B , > B . for any i, then
c,i p,i

m m
(11) I x.B ^ > Z X. • B .

i=l ^ '^•^ i=l ^ P'^

where B . and B , are used as proxies for the systematic risks in-
c,i p,i ^ -^

herent in options and stocks. Thus, as diversification runs its course

(as m-*M, and thus the only element remaining is the systematic component),

the empirical results should demonstrate that:

(3b) -^1 • E[e^i-^(e^i)]'c L-i,i ' E[e^r^(Vl>lp

where the C and P subscripts denote portfolios of call options and

stocks at a fully diversified level.

To evaluate systematic risk among alternative option strategies,

consider two options that are similar in every respect, except for

exercise price (K) . To make the comparison more vivid, assxnne that

the price of the underlying stock is such that one of the options is

"in the money" (I) and the other option is "out of the money"(0).

Examination of (8) reveals the factors which would cause B (I)
c

to differ from B (0)

:

c
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fT7> N(D1)(I) > N(D1)(0)
^^^ C(I) < C(0)

The determination of which side of (12) has the greater value will

indicate which option has the greater level of systematic risk. By

inspection, N(D1) (I) > N(D1) (0) and C(I) > C(0). But this tells us

nothing. What is of interest is how the above ratio changes with

respect to changes in K (the exercise price) . Differentiating —p—^

with respect to K reveals that the ratio is a positive function of

K (see [4]). What this means is that the higher the exercise price

(or the more "out of the money") of the option, the greater should

be the level of systematic risk:

(13) B (0) > B (I)
c c

Since this relationship holds on a one-for-one basis, it should

also hold on a portfolio basis. Thus, if B ,(0) > B .(I) for every
c,i c,i

i(i=l, ..., m) , then:

m m
(14) Z X. • B^ .(0) > Z X. . B^ .(I)

i=l ^ ''•^ i=l ^ '^'^

Thus, when comparing two option portfolios which are similar in all

respects except one portfolio is constructed with higher underlying

exercise prices, the portfolio which is more out of the money should

exhibit a higher level of systematic risk. Thus, at a fully diversified

level:

^'^^ 4i • ^fvr^^Vi^^o ' 4i • ^fw^(^"m.i^^i

where the and I subscripts indicate fully diversified out of the

money and in the money portfolios.



Therefore, systematic risk (the amount remaining after diversifi-

cation) should increase as the portfolio strategy moves from stocks to

in the money to successively more out of the money options. Further-

more, if return is positively related to systematic risk (ala CAPM

framework) , then the average returns earned by the alternative option/

stock strategies should increase in the same manner.

One final consideration, with respect to risk, is the relationship

(if any) that exists between systematic risk and the last two components

of (3a) . Klemkosky and Martin [8] have shown that a positive relation-

ship exists between the level of systemtic risk and the level of the

diversifiable components. That is, stock portfolios containing greater

amounts of systematic risk also contain greater amounts of risk to be

diversified. Further, they demonstrate that the rate at ^Aich these

divesifiable elements are eliminated (via diversification) is different

(diversifiable risk in a low "beta" portfolio is eliminated at a faster

rate—a lower level of diversification).

Thus, if these phenomena are also present in options, the empirical

results will demonstrate that:

m - . _ ~ m^l m+1 _ _ . .

(15) Z x/ • E[e.-E(e.)]^ + Z Z x.x,E[ (e .-E(e. ) ) (e.-E(e .)) ]

-

i=l
^ 1 1 u ^^^ ^^^ 1 J 1 1 3 : u

m 9 - ~ ? nH-1 m+1 ....
Z x/E[e -E(e.)]^ + Z Z x x. • E[e .-E(e . )) (e .-E(e .) ) ]

i=i ^ ^ ^ ^ ±=1 ii± ^ ^ ^ ^ ^ ^

and:



-15-

(16)

m
Z

ni«2

AE[r -E(r )]^

V
E[^-E(^)]- - E[r^-E(r^)]^

m
L

in=2

AE[r -E(rJ]^ ^
m m

On a one-for-one basis, an option should possess a higher level

of systematic skewness vis a vis its underlying stock due to the fact

that the relatioiiship between exercise price and the stock price at

option maturity produces a truncated distribution of possible returns

for the option holder. Furthermore, this truncation effect exists for

every time period (e.g., every six-month period) and thus introduces

the element of positive systematic skewness in the option's time series

of returns. This trrmcation effect results in a larger range of pos-

sible returns for the option vis a vis the underlying stock. This in-

creased return range is non-symmetric since the maximum loss is -100%

(when P _^ X) , whereas the maximum percentage return can be very large

depending upon the cost of the option and the value of P - K at maturity.

Cbviously, the magnitude of this effect is not as great for the underlying

stock. Thus, given movement in the market factor, the option holder

possesses a positive systematic skewness advantage vis a vis the stock

holder.
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In a portfolio context, the situation is even more evident. For

the influence of the market factor in determining the movement of stock

prices can be such that negative stock price movements may offset

positive price movements to produce a zero portfolio return. But ,

in the corresponding option portfolio, the influence of the market

factor will, at worst, produce the same "washing out" result due to

the truncation effect. Hence, the return on the option portfolio

can be positive even when the stock portfolio has a zero return (see

[9] for an example). Thus, if y . and y . represent the systematic

skewness' of a call option and its underlying stock, then since

Y^ . > Y_ ^ ; for all i (i=l, . . . , m)

:

c,i P (^

m m
(17) s X Y^ . > j: X Y .

i»l ^ <^'^ i-1 ^ P'^

Thus, as diversification rtms its course (or as skewness approaches its

systematic level) , the empirics should show that

:

^^^) 4l • ^f^nrfr^(^m.l>^? > 4l • ^tW^^^nrfl^^J

Concerning the levels of systematic skewness present in alterna-

tive option strategies, the higher the underlying exercise price, the

greater is the systepatic skewness. Since out of the money options in-

volve smaller dollar amounts, any movement in the market factor has the

potential of producing very large returns in the option vis a vis options

with higher exercise prices. However, the market movement must be sub-

stantially larger in order that its effect produces a positive option

value at maturity. Hence, increasing the exercise price also increases

the probability of a zero option value at maturity. Thus, options

carrying higher exercise prices will experience a greater number of
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-100% returns, but also a greater number of significantly large returns

relative to options with lower exercise prices—thus, a greater amount

of positive systematic skewness. Thus, if y .(0) > y .(I) for every
c,i c,i

i(i=l, ..., M) , then:

m m
(18) E x.Y, ,(0) > I x.Y .(I)

Therefore, at a fully diversified level, our results should demonstrate

that:

(^-) 4i • ^fw^^^n^.i^^'o ^ 4i • ^^vr^^Vi^i

Therefore, systematic skewness (the amount remaining after diversifi-

cation) should increase as the analysis moves from stocks to options

with increasingly higher exercise prices.

Finally, an empirical question is whether or not option portfolios

which contain higher levels of systematic skewness also contain greater

amounts of diversifiable skewness. Furthermore, is the rate at which

non-systematic skewness is eliminated an inverse function of the level

of systematic skewness. Thus, as for risk, will the following be

observed:

m . « « ^ m+1 m+"l nri-l ^ » _ -. .

(19) Z x^^ . E[e^-E(e.)]J + Z Z Z x.x x^ • E[ (e .-E(e,)) (e -E(e )) (e^-E(e^)

]

1=1 i=l jfi kfi -^ -' -'
I

m - _ » - m+l n+l m+1
Z x. . E[e.-E(e.)]

i=l ^ 1 X
^ ^+ Z Z Z X x.x^ • E[(e.-E(e^))(e -E(e ))(e^-E(e^))]

i=l j/i k^i ^ J J I
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and:

(20)

m
Li

np«2

AE[r -E(r )]
m m

E[^-E(^)]^ - E[r^-E(r3_)]^

m

1IF»2

AE[r -E(r )]•
m m

E[^-E(^)]^ - E[r^-E(r^)]^

The Data and Methodology

The Stock Sample

To carry out the tests of the aforementioned diversification

issues, the sample of stocks on which options would be purchased

must be specified. The initial sample in this study includes the

136 stocks on which listed options were available as of December 31,

1975. Unfortunately, thirty-four of the stocks in the data base (to

be discussed below) did not have continuous price and /or dividend in-

formation over the sample period. For this reason, they are not in-

cluded in the study. Even so, the remaining sample represents a wide

range of risk levels and dividend yields. Therefore, portfolios based

upon these stocks (as well as their underlying options) should be well

diversified.

Unfortunately (as noted in [9]), the selection of this particular

stock group introduces a selection bias. Although the sample was not

chosen on the basis of past performance, past performance was probably

a consideration in their selection by the various options exchanges.
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Hierefore, these securities can be expected to outperform a randomly

chosen group of stocks over the period investigated in this study.

On the other hand, these are the securities upon which options

may be purchased. Thus, in this sense, there is no selection bias

in the sample.

Period of Study

The period investigated by this study extends from July 1, 1963

to December 31, 19 78. This period was marked by a variety of up and

down market periods. For all of the portfolio strategies examined, a

six-month holding period was assumed. Thus, to be consistent with

this structure, all of the return distribution statistics reported are

on a semiannual basis.

To generate a time series of returns for the various option port-

folio strategies, it is necessary to have option prices. For this

study, a formula, (7) , was used to generate option prices at the

beginning of each six-month period. The reasons for this approach

are several.

First, to generate a representative pattern of returns requires

a period long enough to encompass varying market environments. Prior

to 1973, however, all options transactions took place through options

dealers on an individual trade basis, with little standardization with

respect to exercise price and/or maturity date. Aside from obtaining

a dealer's book, the only reasonable source was the advertisements by

dealers in financial newspapers

.

Second, there is the problem with having enough stocks on which op-

tions are available. Since this study is concerned with diversification
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(e,g,, the effects of increased portfolio size), a sample of "reason-

able" size is needed. Unfortunately, it was not until 1975, that a

significantly large number of stocks carried options.

Third, to compare the diversification effects upon the return

distribution parameters of alternative option portfolios, the options

within a given portfolio should carry the same initial stock price/

exercise price ratio continuously through the period of examination.

Such price data are not available prior to 1973.

Fourth, the terms of options bought and sold through options

dealers provided for adjustments to the exercise price when cash

dividends were paid on the stock. These adjustments are not made

for listed call options.

Finally, the sensitivity of option prices and option return

distributions to the use of model prices was conducted in [9]. Es-

sentially, MSG compare the prices and return distributions of actual

option prices versus the prices and return distributions of model

prices. The differences they found were quite small.

Thus, we believe that the results in this study should conform

qxiite well to an analysis using actual option prices (when the data

availability requirement is met). Furthermore, this study is not

concerned with the actual levels of returns, per se; but, rather,

with the effects of diversification upon the return distribution

parameters and relative levels of the parameters for alternative

option portfolio strategies.
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The Option Prices

The option pricing formula used in our study is the formula given

2
by equation (7). The variance rate, v , is the only input chat requires

estimation. Since (7) is derived for non-dividend paying stocks, the

formula requires some modification for dividend paying stocks; hence,

the dividends on relevant stocks are required as an additional input.

The adjustment for dividends in the option valuation formula is done

in accordance with the procedure as described in [1],

Since all option positions are maintained until maturity, the

valuation formula is only required at the beginning of each of the

six-month periods. Relevant price and dividend information used to

compute the option prices comes from the CRSP and Ccmpustat data

files. The yield on six-month commercial paper, as reported in

selected issues of the Wall Street Journal , is used' as the proxy for

the risk-free rate. Finally, the variance rate is estimated from the

sample variance of the previous six-months of daily logarithmic stock

price changes.

Asset Return Calculations

Given the basic data set along with the beginning of the period

(six-months) option prices, returns were computed for the assets under

consideration on a semiannual basis. For common stocks, the standard

holding period return formulation was employed, where:

P. + D

(21) HPR. = -ii| iJ-^

i,t-l

where

:
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P. = six-month ending price for stock i and time period t
^> ^

D = dividends paid on stock i during time period t
i»^

t * 1, .,., 31 (thirty-one six-month periods)

i = 1, .... 102

For the call options, the following holding period return formula-

tion was used:

V - C

(22) HPRC, . ^ - ^^J'*^ ^ih^~'^
^^'' ^i,j,t-l

where

:

V » value of the call at exercise price j on stock i at the
* * end of period t (expiration)

-max[0. P^^^-X^^j^J

C. , . 3 value of the call, at the beginning of period t, on
*^ * stock i with exercise price j

t » 1, ...,31

j » 1, . . . , 5 ; five altematie exercise prices were chosen
such that the initial stock price /exercise price ratio
was .90, .95, 1.00, 1.05, and 1.10

1 =« 1, ..., 102

Portfolio Return, Dispersion, and Skewness Calculations

After the individual returns for stocks and calls (across the

five stock price /exercise price ratios) were computed for each time

period, 200 portfolios of size one, two, ..., fifty were selected by

13
random sampling from the population of securities. Thus, 200 port-

folios of size one were selected, then 200 portfolios of size txro,

and so on. In all, 10,000 portfolios were selected for examination.
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The portfolio return for any period t was defined as the average

of the m component stock or option returns in period t. For stocks:

m
(23) HPR - Z X HPR

c
i=l ^ ^'^

where:

t = 1, ..., 31

m = the number of securities in the portfolio (m=l, ..., 50)

X. = — , an equal weighting scheme was assumed throughout

For the call options:

m
(24) HPRC. = E X. • HPRC^ .

where:

t = 1, ..., 31

m = the number of call options in the portfolio (m=l, .,., 50)

j = the stock price /exercise price classification scheme
(j=l, .... 5 for the ratios of .90, .95, 1.00, 1.05, and
1.10)

X. = — , an equal weighting scheme was assumed
X m

An average of the thirty-one semiannual portfolio returns was

then computed to obtain the mean portfolio return for each of the

10,000 portfolios over the entire period:

1 31

(25) HPR - 4i ^ HPR
m 31

^^j_
t

1 31
(26) HPRC. =» T— S HPRC,

:,m 31 ^^^ j,t

Next, the variance and raw skewness, about the portfolio returns,

was computed:
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(27) a (HPR ) = ^ Z (HPR -HPR )
in jU ^ , t ni

31

(28) a^(HPR)=T^ E (HPR^-HPR )m ju ^ c m

(29) a^(HPRC. ) = rj^ Z (HPRC. .-HPRC. )^
J >ni JU

j.3j_ j ,C J ,ni

1^^
(30) a^(HPRC. „) = ^ 2 (HPRC -HPRC, ^)-

Finally, the mean values of equations (25) - (30) were struck across

the 200 sample values for each portfolio size m (in=»l, ..., 50). Thus,

the average return, variance and raw skewness were computed for port-

folios of size m.

The Results

The return distribution statistics, along with some supplementary

data, are presented in Tables I-VI for the various stock/option port-

folio strategies. These results will now be reviewed in light of the

issues raised in this research.

The Return Distribution Parameters and the Effects of Diversification

Reading down the return column of each of Tables I-VI, the average

return for any particular portfolio strategy remains, for all practical

l4 15
purposes, constant as it should under a random selection scheme. '

Thus, there is no discernible impact of diversification upon portfolio

return, within a given portfolio strategy. As can be seen the average
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ÔT
Cfl Q

oc O c
a w •a o
U U iH
c C (0 u
01 b •n to

o 3 C TM u CO >
« 0) iJ lU
CU OC CO o

•D
0)
iJ

cj a
>u •H C
o 4J IH

CO E
w B "H
cc 01 ^
CO u U
4J CO

c >s CD

0) W CD

a 1 di

u c e
HI O 3
CU

c

Raw

N

ated

Skewness

Ske

U-l H C
o *J 1-4

CO e
lU 5 It
oc 0) rH
CO 4J U
4J CO

c >^ C
<u CO o
CJ 1 -H
u S 'U
V o a
a.

:2

rug~rn^)^^.yo J'.

r^ooDOoac30oocxjac3ooc3oooaoooooooooooooooaoc3oooooooooc

H^aar^crv/Kvitr«njrTiru3Trjr^JC3tn«cruj'f-*^-jKntnmj)'-*3-t^r-w'»tn^

H<l % »« % ^1 * < ^1 ^1 < <l % % ^1 % < l < l ^1 »<« V^ » % » » <l < l

rv"~""""""*"*'T~"-f"' r*" '

>f»^'-«g»-<i-n-u-M' F^ 7«-iririr-w-y-iri>-n f^-f^- <,^^ f^-w' f-rrrTynrmT

car-^wi tf
' u - B '

u -u 'u uMU 'wu g miauBiium-aiuiM iiniu -u hw b -b ^-uiu j ii UB Ucjcairc

ooocxBoooaooocKjcmoacjrxarxaoonoriooocaracjctoaoc
-^v_ .j. .V^r-,;j

- ;- .— r *-

ira-jr«»riV«a^^r^minmrTi3-ji(rr^«»w*uj|uirinnjinjnjT^jBonHM^^TifN-o-jirijrur.**^

ru

j

jwinmniwi ^i ^ i ^> % » %%% ^ i % <i »»»^ » <i <i » 'Ip% » »» % » ^r%%^ ^i % » < i^-^i ni <-

'
' ' "r,--j'*>

'

'^^?r''T'-'^^.-^'^^"^.~r :''^*''':^'-".-'?%-£---'^v'--v^i'^^^ .^V-~^"''v/ '^*"^*^t"*^—^*^"<vf-^^

'^» ^ -^. ''*;

1

>io

t-^tor^tdW-.ia3g~»wirrTwiwaa"aufTHr^>tnp-uirooo i iwju u-i -< Oi ^ iio i> <nj-wa-j«rT»«nc3nir^-no

ownjn-<w»iq<Mru u ' b b w u b g « u u « wu a vm jiu 'mubjibb 'B 'biiuucju ' B 'u uu uootro
i-»f-M-iT-if ^11 M II iFiLJi « H II w-ii ii-irT»-«-inrm-irv m-ii <iii b ii ii w-»r

3C3oooom_mB ub b'h "b u b b w m b u -y^a rnu u"tr

CO

>
rnfu i n i %» *i nv m, ^ i ^i^i % » » %i% » % %i»*%%» » » » »

'

o tn
•H 3
>- C
0) -^

•H 3

s

)B~««r-cr«

C3C100CaOOOOOOOOO»JaOOOOOUJ0130r3L30r-B"W3cacXX3 0C30000000aOQ

4-t (U
h N
O It
CU en rjrya-a-ara'jryui



o
S 3

lU^ U-l

3 O

c
*J c

CO CO 'U

« 13 to

oiOTuainjjanurjBP-mg-jfutrtaoi < ^oj irmr. mjwuwifnjr-jr^<- 3tnnjr-<ja-floo«nr3^<jr^o-r

5 to > «^i <« v^ ^1 <» % ^. i i n, ^ 1 % ^ 1 ^1 ^1 ^r^ ^i <, »< i ^ <i <. » <» ^» ^i n,^^ ^,n,n, n , nr^, nr^, fc ^i ^ i <. ^i ^i » % ^i n,^

^ to Q - - ; _
- - - . - _

CO - - - - ',
. .

'''''

«Xw
0)
h
01
j: m
> cy»

•
•»

(a OJ

<u iH
N to

•H 3
W Cu
60
c 0)
•rt u
>> 11
b Wi

a Cu>
0)

U-l OD

o 11
u

m ^
o <u
•H X
r-^ Izi

IM •o

g
O
CU (U

u
c 11
c n.
•H a<
4J

<§•

o
)-l jj

0) en

a 1—1

(0

n ii
01 4J
00 1-1

a c
Ui M
0)

> c< 0)
01

m 3
HI 4J
u 0)

3 CQ
CO

« o.
0) 11
S j:

10

iH c
flj o
S 11
o Xi
1-1 tou .H
3 OJ^ k:
i1
l-i

4J
CO

di
oo
to

c
0)

u

0)
Oi

_ _ _ \s^^v^/(r^^imu\mD^fT^y^*^Bf^

H <>r^fujfnm>njtfij-atnr^j.jr-jr-JBtMMN-r«waji»-«N-fHM»-iM»»r-r-^^StO JJ
"O CO

3 C -H
JJ CO >
U j-i 01

02 </} a
^ ^ ooooaoc3ouooaooc3m_A3ot-jc3oooor»oaoacjoc^300oex3ooooc3t3 oooc:

Xi-i.--U- -' .^
'; .^^,'

Te'.- ; /5^ -v. - -<,7'^>- ".:;•-; •..«-- "J-sc -..»?- :^--^-»-- -

"jT-i B 'Oiunior*'i->r»airi-<3inMni-<-w^_Ba'irrujic3niO

T3
0)u

CJ CO
IM iH C
O XJ 11

CO S
0) E lH
oo a> r-*

CO -u U
4J (0

<u ^ °> ooocxjcaooQooiJi 'w wjm juLJuociooc3cjLW-icwjoum:jr3t.3rR

(2 z « -
- ^ -.

'

,:.':: -ii-.'^y^i^S^^:^:^ ^ ,in:;-f!:^^i: V' -- a.,^-

^»r»<Mi 'u uu ii iTtf iioj
'u'

u '

ii u tru m 'J'h an u wa ti
'»-ii ii • « u 'u m ti

'ljc ir»' LJu"
Ljoaao

ii'-^s^yiiVi,.;.- .•'n'

03 ji»*rvj«rwrr«jjiujinT;jirtirTrTurnQar\jmirTnfsJUfnomr^H3Tnniai«njB~rnjj

<2

-'^^S::yS^--r:^:H^^%^;;iv<^
-;«-'

U CO

O 4J 1I
CO S

(u e -H

c >> c otnjr-«oq^iirB Mi nu 'a uuiiuuimaj'Mii ii-u M^4i4i«iiiiuuu 'u i-w h u lju m-ioiro

rr^3'njr>'a>JHjt:rtnnno^m'*n,Jisr%n3m^tr*'S-ji3'f^rmrKrr-c:

0) CO o
CJ
M
OJ

Pi

I

c
o
z

IC3»^

>
1- _i^ -.a.>»l ">.r

:2

q'jjotrjiu
''

CJLJt»- jroinir i^-w f\ij» i i «_»«*<r'jK3rufT»rrw«cx3mriHw^jfujiooru«aruru^iui'<jt^^
tnruPTirjBon*-<a-F^r»jrTTnomw<fmnrn..^r-JOTruirrno*wm<Hoo«nt ^ mjoatuutautoriamfTv^fr)

C30JC3crr-T^ja*«*nwgvijj '^n>nirni i u i iM imtim ifn»iiiuniBmwxiiumnjrufuniruninja>titutunjuf^

•T3

o

?i s

.^-'?-' •''^-"'•-:-^'.
-*'*j-l*''^ J-

-^'" ' ««^'"'*- '-^- '--^1 v,''"^"i ^- ,-*^-. -''i-'VV •""-.-;;••*--'<'•'' '-'•,. ..JV*^'

65oc
c
-H 3
•a 4j
.-1 (U

o oi
as

trjiJMiJBOii^nu' iii.<<ng3jimar'OjfMUMtJT3mjr»j»iwmcJy^wrurutn>ui^>j*io.jrnoo»^C3j*^tru

r-B~«oir«ir-aairaoio ^iiu i->«ui-nrog-caro"iroou o
' B 'CJtru a b' u u u uu oo-u if ou u mjcaa

30C3C3Ca^«JOOC

:^^: -:^.=uO^-,

«300OO0Ot3OaCX30

4J
I1

o

.iT' *- ' ^.••i*"^<-'^

>^ i nr* << » »»» % aruatnjnininifuntfunniii iai B iimiiwnmminj-.a-jra-ya-a'3-j-a-m



0)
Ji
4J

0)
u
uX o
» o>

•
*
m CO

lU 1-i

tj CO
•H 3
OT CTU
00
s (U
•H u
>^ -H
>-l u
CO a.
>

i)
iw CO

O •H
u

CO 1^

o 0)
1-4 »<
i-< tel

o
vu •o
u C
U B)

O
Pm VM u

> C •H
c l-l

(U -W (X,

t-l 4J

re c oH o
u jj

(U w
(§ l-l

CO

•a ft
01 u
00 iH
CO c
p M
(U

> c< <u
4)

o 5
(U 4J
l-l (U

3 «
03

CO c.
U •H
Z J^

to^ c
CO o
c •H
o U
•rt au ^
3 0)X 0£
•H
W
JJ
CO

iH
c

o T) o <3m^^>oJfM^^fl^-u^LnJf\^^i<3JOJr^^yi0^c^^Ju^mJJD<^^^oowr^3^^^^^^u^^^ JJT^,i#^^^t/?y^
5 s S ii

"^ trTT«rT>-f^riA^wTim.ymruLmflrnaTijnjnvuruir3njrnnirurua»mnwTirn,.^

XI «-i 5 CO
">

< » % ^ » l i » % Hi ^1 ^ 1 ^1 ^Hi % % ^1 % ^ ^r<i » » ^i ^ . <i ^. » <i ^i ^i ^ i ^r^i » ^ i ^ i % ^i n, ^ , » 4i ^ ^i ^i ,̂ ^r^
3 O (U U (Uo j: w Q .

— , -. -.; ;;.
.

_-—
. . ~, -J. , , ...."--

0) tjLJg'T'<*nj»\w*>*»^minMir»<3rnu»<ninje-Tummr^rritfanj^jp i % mg-jtnr"<t3Tmmnmoi^.
op o c twTiu»c3.-yviiocru^ica'f-%ni *i ^njjo«oirirnjnjjrur^a-moarg-^^iouKojrni^jmtncar-omnjo*
" " "2 ^ yyjmmo-P"3Trf^muw '

i i«'i>rMTC''M^^jq«OTT>J'J»» m imw ium<it^riff>^oiMmr>.fuofnjT
c e m 4j woi-^rnmnjJiruruua'.nji.n.nuuB.
(U l-l -O CO »^^i 1i < % <i » ^1 < i ^1 » ^ % % » * % I » % ^1 % % «ii » »% ^ ^1 ^, » ni^, ^ 1 ^ , » ^1 % I

1^ '^ ,<» > OC30QOC30UCJDOLJ -H-»LJI"»»jraCjr3raC30QC3OO O00OOLjai-ILJt3O0a00O0C3aC
QJ tU ^ V . ^

Pm B^ CO Q -- ~ ;'-^ ••'.;
- -<" - "^.. 'V '. -^•" " .

2 a «H^^-«3uir-nj«r-at379C»rinri-vrwvM3t^.rnor«uui«^ouiru»M}ffurr-i>>njrr^^
Si S i oJj-o-<ijBmr4mrnnirjieg-p%miPva'r'niTwa^M»-<>r-<r.ihor^B-«rr»iriro-r<r-og'>^ooo>
m S 3 tromnjjjr««rw»-«cr-^><»^ia u « j n '^ju u a-u u ' u u u n'

u-ira « '

ii " u ' ug-carcaoooc
u 00 or-*Ju II

'

u u '

u

«

'M u u « II u SI Mil 4i"u <i ' q II II u H u a J » M n ti"
C S^ 03

rcjToooat
0)

<^ ^ QOOOOLjrXJLJOt
t- c c
0) O 3 - -

^ ,-
. :-

:7'i"".-<^--)
->'^''':"y

.4f''~
- ^n.;- -V*

5^. •,•--,
_ ,,

to jtrt-^3*nir«onjomat^.-<r-nioornr-jir'O«nirjrurnj^0ft»WTv<ira-i w iTio^^^^fr^oinrtwT»

js i-^nAOtfutrar<»jw<ur^i*»*TJmtnwKrymuwnjrj-j im rruj mjmrm iMmmnurmmmmr

-•^'<-».*-.
2r;t '^

--*.-^.-O c8 -•

O iJ IH

S E ma-ji^jiTij u rwraTwiTTTTugviym^wTi iiini^ir i jii^jiir iiimi^m i <jruuwr*«urrwunvu>Ji3Q(

m " 3 ^<a'*nr>-omjj*nmr^i ruru<uniKiojftirujDi ii3XJo«^<njn»i^j^».jwcrjnje u '

tnromrLcrq

c >^ c ci*nr-r*-^uwB^ "u tni u u a » ir u ii « a y« ^ iiiiiutiiiii 'uo •

irva 'u o 'lriai 'u u'
tztc oocagt

^ >
'][^ OLJoemocjLBLJoo iJ jr. h-xjoucjoi .ic ,kj.,mjuuljcjiJLJcaaLaoaoou>Hic3CJO»^o>^^>^>^c> i

*" ** T; ., - , ; --..---. ' - -. — .-'•.... .^.-^.•^~^i-.,- ,.^.-^^ _ .,^._^. . ,-, . .^t^ -.E,,- -,^^ _-.
. . —

CO jTr-joB-a-twHr^fuottaruou ut<»iu<i<i<i«npr-fMM^-f^T^r-fwwtvuiuir'UUi-njr»,,n-n . fl. n , n n f a.

<oatnffwurwuwirunminjrmUi mm »%% * < * ii^i % ^>» % %%»'»*% »^i » <i »

»

% » <i » <i % < ^ i

»

O 03 "

Jj ^ r-jjar-^Mrr-o-wT^jinr-a-i
e- s

0) Oi-<c3ai>.^o-airur^aimoj i»>vwnLi)furufUftfnirui % ^ri»funjHinjniAinjn*r-wui^aiii i«^fnnjru» <fnnjrut-^rnfl
^ P f oinjcuM^nif-^njRjrufuiunnjnjnjniruiurunjrunjnjnminmjnjnjrururunicuru^

:^ ^ umiw Ju i.xJuic_>cim.jLji.,irK3on»3tjcji ,'ini_ir,jrKai.'tf h ji ji m mm.KJC -iLM-JLJooaat

Vfl^'^^ri^v:?- -'

o

O

1.1 N

;' --%i~> ~'''>-;:^.V

^ '^ ,^,^ » v^i % » » %iartw«njruriJfunjnifuiumii<ti irnnini>Mmmf»>ja'j-j-j'jra-jrar.3Ti



-31-

recum increases as the portfolio strategy inoves from stocks to

in the money options to out of the money options, where all values

are measured for six-month holding periods.

Shifting the focus to the variance and skewness measures, we

note that in all strategies, diversification reduces the value of

these parameters via the elimination of the non-systematic components

(the last two items in equations (3a) and (4a). Thus, these results

support the aforementioned hypotheses concerning the effects that

diversification should have upon portfolio variation and skewness.

In particular, the evidence indicates that the sign of the combination

of the last two terms in each of (3a) and (4a) are significantly posi-

tive at the one security level to produce such dramatic diversification

effects upon these parameters. Furthermore, if we assume that a port-

folio of size fifty is well-diversified in the sense that the variance

and skei*ness amounts (at this portfolio size) approximate their asymptotic

(systematic) levels. Tables I-VI demonstrate that diversification has

a different impact upon variation vis a vis skewness. Columns (4) and

(6) of each of the tables represent the rate at which the non-systematic

amounts of variance and skewness are eliminated. The results reveal

that skewness approaches its systematic level at a faster rate than

variance

.

The Systematic Levels of Variance and Skewness for Alternative
Stock/Option Strategies

Tables I-VI demonstrate that systematic variance (risk) and skew-

ness increase as one moves from stocks to options with increasingly

higher exercise prices. Thus, the hypotheses set forth in (3b), (3c),
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(4b), and (4c) are supported by the empirical results. In particular,

there is a dramatic jump in the systematic levels of these distribu-

tion parameters as one moves from stocks to options that are in the

money by ten percent.

Since the results reported in Tables I-VI represent average values

for 200 portfolios of a given size, the beginning and ending amounts in

the variance and skewness columns can be interpreted as the total and

systematic levels of risk and skewness for a typical stock/option.

Thus, since an equal weighting scheme has been assumed, the systematic

(size fifty) levels found in Tables I-VI can be used to compute the

implied variation and skewness responsiveness factors inherent in the

typical option of a given stock price /exercise price classification

scheme. These factors would represent the systematic risk (beta) and

systematic skewness (gamma) inherent in the typical option of a given

classification scheme. The greater the values of the factors, the

greater is the systematic risk and systematic skewness of the option.

Thus, the average beta of an option in the jth classification scheme

can be found by solving:

(31) E[l^^.E(:^^)]] . x^, . E[;^,-E(;^^)]^

50 , - 2
for x_^. , where x_^, = E x.« b.(J) and E[e_^--E(e__^. ) ]„ = .02997.

i=l

Also, the average gamma (co-skewness) of an option in the jth classifi-

cation scheme can be foxmd by solving:
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50 . , 3

These results are presented in Table VTI and indicate, on an average

basis, how the systematic levels of risk and skewness increase through

the alternative asset categories.

Finally, there is the issue of whether or not some portfolio

strategies are more effective in diversification than others. In

Klemkosky and Martin [8], it was found that portfolios containing

greater levels of systematic risk also contained greater amounts of

non-systematic risk at any level of diversification. Futhermore, the

rate at which the non-systematic risk was eliminated was slower for

the portfolios with greater systematic risk. The conclusion was (for

stocks) that portfolios with greater systematic risk were less diver-

sified at any given level of diversification.

Examination of the variance and skewness columns of Tables I-VI

clearly indicates that portfolio strategies containing greater amoxmts

of systematic risk and systematic skewness also contain greater amounts

of the non-systematic components of these parameters at any level of

18
diversification. Thus, our results indicate that (15) and (19) hold.

However, columns (4) and (6) in Tables I-VI reveal that the rates

at which the non-systematic components are eliminated does not vary in

any detectable fashion across alternative stock/option strategies.

Hence, (16) and (20) do not hold. Thus, an interesting question arises

as to what is the appropriate measure of whether one strategy is more

diversified than another— the amount of non-systematic risk /skewness
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Table 711

Average Betas and Gammas Inherent
in Alternative Stock/Option Strategies

Strategy Beta GarmM

Stocks 1.0000 1.0000

In the Mcmey, 10% 4.4987 4.3109

In the Money, 5% 5.0594 4.9353

At the Money 5.7026 5.7287

Out of Money, 5% 6.4661 6.7960

Cut of Money, 10% 7.4437 8.3678



-35-

or the rate at which non-systematic risk/skewness is eliminated? The

answer is not clear since the amovmts of all of the relevant compo-

19
nents differ across the portfolio strategies. On the one hand,

the levels effect may be more important simply because the greater

the amount of non-systematic variation, the greater the amount of

total variation (since the systematic amount is constant) and hence

the greater the risk. On the other hand, if the rate of reduction is

the same, then the systematic levels will be reached at the same port-

folio size.

Diversification—Is It Worth It?

Traditional two-parameter asset pricing theory suggests that

relating the average return to standard deviation provides a useful

measure of the performance and, hence, attractiveness of a particular

portfolio strategy. Column (7) of each of Tables I-VI indicates that

this ratio is increasing with diversification, as it should, for all

of the portfolio strategies. Furthermore, the values decrease as one

moves into successively more "risky" strategies. Thus, stocks were

more "efficient" than options in the sense of providing more return

relative to the risk borne. Alternatively, in a systematic risk-

return framework, the size fifty values of this ratio indicates that

the additional return earned by options was outbalanced by the in-

creased level of systematic risk.

Now suppose investors base their investment decisions upon the

first three moments of the return distribution. In this framework,

the last column of Tables I-VT provides another measure of asset per-

formance. If skewness is desirable, then investors desire higher
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1/3 1/2
values of (skewness) /variance) . For this sample of stocks,

this ratio is also increasing, thus implying chat diversification is

20
desirable. However, for options, the opposite result occurs. This

raises the question of whether or not diversification is desirable

if option investors prefer skewness.

Conclusion

This study has analyzed the issue of diversification in the op-

tions market. The results reported, for the most part, confirm the

hypotheses stated. In particular, diversification does indeed reduce

the levels of risk and skewness inherent in alternative option port-

folio strategies. Furthermore, it appears that the additional sys-

tematic risk borne by option holders is not compensated for by the

additional return. Finally, the desirability of diversification is

questioned somewhat in light of the presumed preference of option in-

vestors for positive skewness.
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Footnotes

Assuming equal weighting.

2
As was the case for the unsystematic component, with an equal

weighting scheme, the average value of this term (as m^) goes to zero.

3
Under the technique of ordinary least squares, these assumptions

are usually invoked to protect the properties of the estimated coeffi-
cients. Whether or not these assumptions hold is another matter.
Empirical evidence (see [8]) seems to indicate that the last term, for
common stocks, is positive. Thus, risk reduction would appear to re-
sult from elimination of both the last two terms in (3a).

The specification of an "option market model" is necessarily
more difficult for at least two reasons. First, since an option is

a short-lived asset, its rate of return can vary dramatically over
its life due to changes in the parameters (especially time to maturity
and the price of the underlying stock) affecting its value. Hence,
there can be a great deal of heterogeniety among an option's daily
or weekly returns which in turn can create a heteroskedastic element
in return variance. The result is that the systematic risk (proxied
by beta) of an option is apt to be very nonstationary (see [2]).

Second, "the" appropriate market factor requires careful con-
sideration. Since options are derivative assets, some would argue
that an index of stocks is the correct choice. However, some will
argue that individual assets and indexes be of the same type— thus,
implying that an index of options is more appropriate. In any event,
the issue is not clear and any market specification is apt to be in-
correct (see [11]). These two issues are not dealt with in this study,
but are the subject of another forthcoming paper by the authors.

Assuming equal weighting, this term -»0 as m^.

The value of this term should also-»0 as m-^.

As discussed in footnote 4, the quantification of these two

factors is the subject of another forthcoming paper.

a

It is important to keep in mind that the theory is formulated
in "expected" terms; whereas most of the empirical tests relate to

"ex-post" or realized results. Researchers studiously avoid the issue
of whether or not ex-post realizations are what investors expect ex-
ante. In any event, the purpose of this paper is not to specify or
test a particular theory about the pricing of option assets. Rather,
our purpose is to lend credence to the empirical results in light of
generally accepted finance theory.
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9
In words, (8) says that the responsiveness of an option to

movements in the market factor, B , equals the product of the re-
sponsive of an option to movements in the underlying stock,
(P • N(D1)/C), and the responsive of the stock to movements in
the market factor, B . Here, "betas" are used as proxies for
the underlying systefiatic risks.

The fact that one option is in the money and the other option
is out of the money is not critical in the establishment of the en-
suing analytical argument. It simply distinguishes the two options
in the mind of the reader. The critical thing is that the exercise
prices of the two options are different.

This resixlt assumes that B > 0, which, in light of empirical
evidence, seems reasonable.

12
A paper is forthcoming which tests the importance of skewness

in explaining option returns.

13
Random samples (with replacement) were generated via a random

ntmiber generator. Alternative initial seed specifications produced
strikingly similar results. Thus, we believe our results are not
significantly biased in any detectable fashion.

14
Sampling error explains the fluctuation in the return columns

as well as the nonmonotonic nature of the variance and skew as they
approach their asymptotic values. Similar phenomena occur in Evans
and Archer [7] and Simkoxjltz and Beedles [12],

Some of the prior studies in diversification, [7] and [8], have
employed logarithms because of the desirable properties of logs. How-
ever, in this study, logs cannot be used due to the fact that for some
strategies, the portfolio return was zero for a given time period and
portfolio chosen. Therefore, the results presented in Tables I-VT are

in terms of the raw data. This, of course, does introduce some addi-
tional skewness into the figures.

Columns (4) and (6) of each of Tables I-VI were tabulated via
the formulas in (16) and (20), where M = 50. Thus, the non-systematic
levels inherent in a given portfolio strategy were taken as the dif-
ference between the levels at size one (total risk or skewness) and
size fifty (systematic risk or skewness).

It is important to remember that the beta and gamma values
presented are on an average basis. That is, on average, the beta of
an option that is 10 percent in the money is 4.4987; on average, the

gamma of an option that is 10 percent in the money is 4.3109. In-
dividually, option betas and gammas will fluctuate about these levels.
The examination of these values on an individual basis, as well as

their importance in explaining option returns are being investigated
in forthcoming papers (see footnotes 4 and 12)

.
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18
Subtracting the systematic levels of these parameters from the

corresponding risk, and skewness values at a given portfolio size and
then relating these differences (the non-systematic amounts remaining)
across alternative portfolio strategies indicates that the amount of

the non-systematic levels increases in the direction of the strategies
containing higher systematic levels of these two parameters.

19
It is important to note that the comparisons are being made

across different portfolio- strategies stratified, in the case, ac-
cording to the systematic levels of relevant variables. A separate
issue is whether or not the systematic level of a given parameter is

important in explaining the effectiveness of diversification within
a given portfolio strategy. This second issue is being examined in

another forthcoming paper.

20
We are somewhat puzzled as to why this ratio increases with

diversification. Our results are in conflict with the sample results
in [12]. One possible explanation is that our sample is very special
and as a group enjoyed "above average" performance over the period
analyzed. Thus, the persistance of positive skewness probably indi-
cates one reason for this sample's desirability in option exchange
selection.



-40-

References

[1] Black, F. "Fact and Fantasy in the Use of Options." Financial
Analysts Journal (July-August, 1975), pp. 36-41, 61-72.

[2] Black, F., and M. Scholes. "The Pricing of Options and Corporate
Liabilities." Journal of Political Economy (May-June, 1973), pp.
637-654.

[3] Galai, D. "A Proposal for Indexes for Traded Call Options."
Journal of Finance (December, 1979), pp. 1157-1172.

[4] Galai, D. "On the Boness and Black-Scholes Models for Valuation
of Call Options." Journal of Financial and Quantitative Analysis
(March, 1978) , pp. 15-28.

[5] Galai, D., and R. Masulis. "The Option Pricing Model and the Risk
Factor of Stock." Journal of Financial Economics (January-March,
1976), pp. 53-81.

[6] Grube, R. , D. Panton, and J. Terrell. "Risks and Rewards in

Covered Call Positions." Journal of Portfolio Management (Winter,

1979), pp. 64-68.

[7] Evans, J. and S. Archer. "Diversification and the Reduction of

Dispersion: An Empirical Analyses." Journal of Finance (December,

1968), pp. 761-768.

[8] Klemkosky, R, , and J. Martin. "The Effect of Market Risk on

Portfolio Diversification." Journal of Finance (March, 1975),

pp. 147-154.

[9] Merton, R. , M. Scholes, and M. Gladstein. "The Returns and Risk
of Alternative Call Option Portfolio Investment Strategies."
Journal of Business (April, 1978), pp. 183-242.

[10] Reback, R. "Risk and Return on C30E and AMEX Option Trading."
Financial Analysts Journal (July-August, 1975), pp. 42-52.

[11] Roll, R. "A Critique of the Asset Pricing Theory's Tests: Part I,

On Past and Potential Testability of the Theory." Journal of
Financial Economics (March, 1977), pp. 129-176.

[12] Simkowitz, M. , and W. Beedles. "Diversification in a Three-Moment
World." Journal of Financial and Quantitative Analysis (December,

1978), pp. 927-942.

[13] Smith, C. "Option Pricing: A Review." Journal of Financial
Economics (January-March, 1976), pp. 3-51.

M/E/229







f^V




