A COMPUTER SIMULATION MODEL FOR PORTFOLIO STRATEGY FORMULATION

ABSTRACT

A working computer simulation model for formulating
investment strategy for a portfolio of capital as-
sets is presented.

The use of modern capital market and portfolio the-
" ories in a flexible simulation network alloys an in-
vestor to directly examine and compare the probable
consequences of various static and dynamic invest-
ment and consumption policies and facilipgtes his
decision-making process. Description of the model
is illustrated by its application bo the endowment
portfolio of a university.

I. INTRODUCTION

This paper presents a computer-based model to as~
sist investors in the formulation of a strategy for
their long~term investment portfolios. The model
synthesizes developments of modern portfolio and
capital market theories and computer science so
that investors may benefit from them without having
to digest complicated details of mathematics and
programming. After a brief review of some aspects
of portfolio and capital market theories and com-
puter simulation, we shall describe the model which
was designed to assist the trustees of a university
in the management of the university's endowment
portfolio. The model is specific to the university
endowment problem only to the extent that it takes
into consideration the special constraints which
might be imposed by the donors on spending the
principal amounts of their gifts. Otherwise, the
model is quite general and can be readily and use-
fully applied to the management of other portfolios.

PORTFOLIO STRATEGY

The owners or the trustees of a portfolio must de~
fine the objectives they expect their portfolio
manager to achieve. Such a definition also provides
a standard of evaluation for the portfolio manager's
performance. Traditionally, such objeetives have
been defined in terms of maximization of returns
(yield and gain), subject to certain constraints.
Constraints might be placed on the minimum accept-
able quality of securities in the portfolio, exclu-
sion or inclusion of certain industries, proportions
of the portfolio invested in fixed income securities,
liquidity of the portfolio and the mininum acceptable
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vield (interest plus dividends).. Modern portfolio
theory suggests that risk of the entire portfolio,
and not the risk of individual securities in the
portfolio, should be the primary object of choice in
the formulation of a portfolio strategy. The risk
of individual securities is relevant only to the ex-
tent that it contributes to the risk of the entire
portfolio. In a well-diversified portfolio, highly
risky securities can be held without adding undue
risk to the portfolio. The average return and the
risk of securities are found to be positively as-
sociated. More risky securities offer higher re-
turns on average. (7,9) The basic decision parame-
ter for investors is the level of portfolio risk
appropriate to their tastes. If they choese a high
level of risk, they can expect that their portfolios,
if efficiently managed, will bring them higher re-
turns on average. The choice of a low-risk portfo-
lio will have to be accompanied by lower expectations
of returns.

Several studies (8,9,15) of the performance of mu-
tual and other large funds have consistently shown
that a portfolio cannot be expected to always "beat
the market," however good the management of the
portfolio might be. Therefore, investment objectives
should be specified not in terms of beating the mar-
ket but in terms of the level of riskiness of port-
folio. Given a certain level of riskiness, effi-
cient portfolio management can, on an average, be
expected to produce a certain level of returns. Ac-
tual year to year returns, of course, will depend

on the performance of the market portfolio ina given
year. The model described in later sections of this
paper is designed to assist the investors in under-
standing and specifying the key portfolic parameter
to their portfolio managers—-the level of risk of
their portfolio.

PORTFOLIO RISK

Risk is generally understcod to denote uncertainty of
future events. A statistical measure of the risk

of a portfolio may be made by estimating variability
of returns on the portfolio. Standard deviation and
mean absolute deviation are two such measures of
variability. Total risk (or variability of returns)
of a portfolio consists of two parts. One part,
called the market risk, arises from price movements
which are common to all securities in the market.
The other part arises from price movements specific
to the portfolio. The latter part is known as
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PORTFOLIO STRATEGY FORMULATION . . Continued

diversifiable risk because it can be eliminated
entirely by diversification of the portfolio. For
example, market portfolio is a fully diversified
portfolio with no diversifiable risk. The market
risk of a portfolio, however, cannot be eliminated
by diversification. Market portfolio has a market
risk of one.

Market risk of a portfolio is variously known to
the professionals as volatility or sensitivity. If
a market index change 01‘15% is accompanied by a
portfolio price change of iﬁ%, the market risk or
volatility of the portfolio is one. If correspon-
ding portfolio changes are +10% and +2.5%, thén the
volatility of the portfolio is 2 and 0.5, respec~
tively. By preferring a high volatility portfolio,
the investor opts for the possibility that the val-
ue of the portfolio may increase -or decrease sharp-
1y, combined with higher average returns. By pre-
ferring a low volatility portfolio, the possibility
of large positive or negative changes in the value
of the investment is reduced but the average re-
turns on the portfolio are also reduced accordingly.
The most important decision for the portfolio strat-
egist is to set the desirable level of market risk
of his portfolio.

Investors often find it difficult to relate their
risk preferences to a specific level of risk in
their portfolio. This may be partly due to incom-~
plete comprehension of its meaning and partly due
to insufficient information on the consequences of
choosing a' certain level of risk. The result is
that very considerable advances made in portfolio
theory have remained unknown or underutilized by
the investors. Relatively little research has been
done on the ways of assisting the investors to
choose the preferred risk levels.! The model de-
scribed in the later parts of this paper is spe-
cifically designed to provide such assistance to
the investors. It consists of producing and pre-
senting the investors with probable consequences

of wportfolio options open to them. By direct ex~
amination of such consequences, we hope, the in-
vestors can make better strategic choices for their
portfolios. :

Probable consequences of portfolio decisions are
generated by computer simulation. While a detailed
description of the technique itself is beyond the
scope of our paper (and can be found in several
good references [12,1L4]), we shall describe it very
briefly to maintain the continuity of this paper
for those who may not be famiiiar with computer
simulation.

COMPUTER SIMULATION

Computer simulation involwes a hypothetical replica-
tion of real-world events. The first step in simu-
lation consists of making a mathematical model of
the events to be investigated and the effect of
various policies on such events. Few future events,
especially in the investment world, are known with
certainty. It is assumed that even if a particular
occurrence of an event cannot be predicted with cer-
tainty, the pattern and frequence of occurrences are
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known. This is referred to as probability distribu-
tionm by the statisticians. For example, although

we do not know whether a particular toss of a coin
will yield heads or tails, we do know that if a fair
coin is tossed many times it will yield heads about
half the time. We also know that the result of a toss
does not provide any help in predicting the result

of the next or any future toss; in other words,
results of the coin tosses are independent of each
other.

In a simulation study of stock market behavior, we
need a mathematical model of the behavior of and re-
lationship between the stock prices. Though the
stock prices are highly unpredictable, a statis-
tician can find orderliness in the apparent disorder.
Cootner (U4) and Fama (6) present statistical models
of stock-price behavior. These models suggest that
for a given stock the freguency of occurrence of
positive and negative relative price changes of
various sizes follows a definite pattern and can be
approximated by = "normal probability distribution."
The same is true of the market index changes. If
we assume that the stock market in the future will
have the same basic behavior as it has had in the
past, computer programs can be written to generate
numbers which will appear similar to the price
changes that the stock market is expected to produce.
Note~that a single price change produced by computer
simulation may have no relevance to any real-~life
situation, but when such behavior is replicated
many times, the relative frequencies of various
price changes obtained will be close to reality.

By running a computer program for a given investment
poliecy many times over, information on the likely
consequences of the policy can be obtained. By com-
paring the consequences of various policies, an in-
vestor can choose a policy which is likely to yield
consequences. most preferable to the investor. The
use of such an approach in management of portfolios ~
has been suggested by Williamson (16), and Meckling
and Jensen (11) for the university endowments and
by Lorie and Hamilton (10) for the pension funds.
Cohen and Elton (5) and Salazar and Sen (13) sug-
gested the use of this approach for more general
problems of portfolio management and capital bud-
geting respectively.

In the next section, the essential features of a
model developed to assist investors to select an in-
vestment sirategy are described. In Section III of
the paper, information on likely conseguences of
two specific investment strategies is presented.
Beyond this, information on consequences of any in-
vestment policy can be generated as a routine mat-
ter with the help of the computer program. An at-
tempt has been made to present information in a for-
mat which is comprehensible to nonexverts in the
theory of finance or statisties.

II. THE MODEL

The overall organization of the model is shown in
Exhibit 1. Common stocks and bonds are the two
types of capital assets available to the investor.?
The portfolio can be divided between these two



assets in any proportion. The model is discrete in
the sense that the investment decisions are made,
results are observed, and income is received only
at specified intervals of time. This interval can
be a month or any multiple of a month. The number
of periods in a simulation run is limited only by
the storage capacity available in the computer.

For example, if the storage capacity permits ten
periods, and a 12-mohth period length is chosen,
the model can be used for portfoliq simulation over
ten years. Simulation over ten three-month periods
will span an interval of two-and-a-half years.
Thus, the model is flexible enough to suit the vary-
ing planning horizons of different investors.

to the market. In addition to selecting a value of
beta, the investor also specifies the number of dif-
ferent stocks in his portfolio to provide a measure
of diversification.

Results from simulation of stock portfolio behavior
are critically dependent on the assumed behavior of
individual stock prices and the stock market. A
brief discussion of the inherent assumptions of the
model in this respect will be useful here.

Strong empirical evidence provided by Fama (6) and
others (see Cootner [4]) supports the view that suc-
cessive returns on common stocks are independent of

Inputs

Invéstment and

Consumption Policy

from tape or teletype
\ .

EXHIBIT 1

ORGANIZATION OF THE MODEL

Stock Model
Dividend
Submodel

) Main Program

Bond Model

Bond Portfolio
from tape

Withdrawgl and
Rebalancing Model

Output Data
Stored on tap

‘| Analysis and

-Graphics Program

Output Tables an
. Graphic Display

COMMON STOCK PORTFOLIO

The investor selects the proportion of stocks in his
portfolio in the range from zero to one hundred per-
cent. The most important strategic decision about
the stock part of the portfolio is its volatility
(alternatively referred to as market risk or beta)
with respect to the market. For large portfolios,
feasible values of beta may be selected from the
range 0.5 to 2.5. Values outside this range are
harder, though not impossible, to obtain for large
portfolios. As has been explained in an earlier
section, a higher value of beta implies that on the
average, the returns Trom the portfolio can be ex—
pected to be higher and the portfolio is more risky.
If the investor expects the average market return in
the future to be ten percent per annum, he .can expect
bets times ten percent return from his stock port-
folio on average. Standard deviation of returns
from his stock portf01103 also will be beta times
the standard deviation of returns from the market
portfolio. Thus, choice of a particular value of
beta defines the relationship of the stock portfolio

each other. The probability distribution of the re-
turns can be approximated by a bell-shaped curve-—
the normal distribution. Though deviations from
normel probability distribution have heen documented
(see Fama [6] and Blattberg and Gonedes [2]), we be-
lieve that normal distribution provides reasonable
approximation for purposes of this study. A normal
probability distribution implies slightly fewer num-

. bers of very small and very large price changes than

are observed in the market data. Use of normal dis-~
tribution considerably simplifies the implementation
of the model on computers and is therefore justified
in our opinion, ‘ :

Returns on portfolios, including the market portfolio,
are also distributed normally. Successive market re-
turns are independent of each other. Therefore, a
series of pseudo-normal numbers with given average
and standard deviation are used in simulation to
represent the returns on the market portfolio.

Average and standard deviation of market returns are
selected by the investor to represent his estimate

of the market performance in the future. Average
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PORTFOLIO STRATEGY FORMULATION . . Continued

and standard deviation of monthly returns on the
New York Stock Exchange stocks during the forty-
two year period from 1926 to 1968 are shown in Ex-
hibit 2. These numbers may help the investor make
his own estimates of the market behavior in the
future.

EXHIBIT 2

HISTORIC AVERAGE AND STANDARD DEVIATION -OF
MONTHLY RETURNS ON NEW YORK
STOCK EXCHANGE INDEX

Period
2/26-6/68 2/26-12/45 1/h6-6/68

Average
Monthly
Return

Std. Dev.
of Monthly
Returns

1.38% 1.62% 1.17%

8.53% 11.65% y.13%

Returns on stock portfolios can he described by a
simple relationship with the market returns:

Return on portfolio = beta X return on the
market portfolio + a
random error term.

The random error term is normally and independently
distributed. On average, this term is zero and its
standard deviation depends on the degree of diversi-
fication in the portfolio. The greater the diver-
sification, the smaller the standard deviation.
Therefore, for a well-diversified portfolio, this
term is very small.

In summary, the user of this model must specify the
proportion of his total investment to be invested
in stocks, the beta or market risk of the stock
portfolio, his estimate of average and standard de-
viation of the market returns in the future and the
number of different stocks in the portfolio.

The managers of a university endowment are often
concerned not only with the tobtal return on stocks
but also with the dividend income. While we do not
agree with this concern,h the existence of legal
constraints on spending capital gains from certain
restricted gifts necessitated the incorporation of
a dividend submodel in the stock part of the model.
The information on decomposition of the total return
between dividend and capital gains generated by
this feature of the model may be useful to certain
types of investors. This submodel does not in any
way affect the generality of the model for the in-
vestors to whom the decomposition of total returns
between dividends and gains is of no consequence.
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FIXED INCOME PORTFOLIO

In its present form, the model assumes that all bonds
are of the same quality and a common rate of yield is
applied to the entire bond portfolic. However, the
expansion of the model to include more than one class
of bonds presents no difficulty and only minor pro-
gramming modifications are necessary.

Bond yield is assumed $o follow a random walk. In
other words, it is assumed that yield at two succes-
sive points of time differs by a normelly distributed
independent random variable with mean zero and a
specified standard deviation. Initial value of the
bond yield and standard deviation of changes in bond
yields must be speécified by the user of the model.
One possibility is to specify the current market
Yield for the appropriate class of bonds of, say,
twenty years to maturity, as the initial value of
yield. 'Standard deviation of annual yield changes
on AA bonds is about 0.005. This might be used as a
reasonable approximation.

In addition to the two parameters mentioned above,
the user is required to provide information on his
bond portfolio. If he already has a bond portfolio
and wishes to simulate its behavior over time, the
principal amounts, coupon rate, time to maturity
for each security are specified. Given the current
yield, the market value of each bond is recomputed
in each period and the current value of the portfolio
is reported along with interest income. Matured
bonds are replaced in the portfolio by bonds of the
same coupon rate and twenty years to maturity.

As has been mentioned earlier, if a single yield rate
is considered inadequate to simulate all the bonds

in the portfolio, the model can be slightly altered
to include different risk ¢lasses of bonds.

WITHDRAWALS AND REBALANCING

This part of the model is designed to accomodate
different expenditure patterns of the investors.
Bince the ultimate purpose of investment is con-
sumption, investors may like to know what consump-
tion levels are commensurate with a specified in-
vestment strategy. Such information may be valusble
in selecting the investment strategy. Computer simu-
lation enjoys a major advantage for simulation of
consumption behavior because it is possible to simu-
late and evaluate various kinds of dynamic consump-
tion policies in the model. For example, instead of
planning for a specified dollar of consumption, an
investor may like to know the consequences of con-
suming & given fraction of the current market value
of his portfolio during each year. The model is
fully capable of similating thls and more complex
consumption policies.

Another feature of this part of the model is designed
to meet specific needs of university endowments

with respect to restrictions on spending capital
geins on certain portions of their portfolio. Though
the legal necessity as well as the economic justifi-
cation for such restrictions are highly questionable
(see [1], [3], [11]), we have designed the model to



keep separate accounts of the discretionary and ve-
stricted parts of the portfolios. Investors who be-
lieve in justification of these restrictions may
adopt different investment strategies for the two
parts of the portfolio., The present model will be
helpful in making such decisions. This feature of
the mpdel can be entirely bypassed by other investors
simply by specifying that the proportion of their
money in the restricted part of the portfolio is zero.

The reinvestment of cash income and periodic rebal-
ancing of portfolios is another fegture of this part
of the model. Investors may choose to reipvest in-
terest and dividend income in stocks and bonds in any
proportion. Since relative market values of the
stock and bond portfolios will change from time to
time, the transfer of funds from one type of agsets
to another may be desirable. The model is capable

of simulating portfoliq rebalancing policies.

TRANSACTIQNS COSTS

In its present form, the model assumes that trans-
actions costs are zero. These costs are highly de-
pendent on the volume of speculative trading by
portfolio managers and can be substantially reduced
by adopting a buy-and-hold strategy. However, if an
Jinvestor feels that these costs are a necessary part
of his portfolio simulation, these too can be incors
porated in the model.

III. SAMPLE RESULTS

In this section we present the results from a sample
simulation of the performance of a large portfolio
under specified investment policies, Space limita-
tions prevent us from giving a comparatiye analysis
of portfolic performance under different investment
policies. The following discussion, however, should
provide considerable understanding of the capabilities
of the model. The computer program was written in
Fortran IV and was implemented on IBM System 360-6T
TSS at Carnegie~Mellon University.

The total market value of the initial investment is
99 million dollars. Of this, $50.2 million is to he
invested in a stock portfolio with 48 different
stocks and a market risk of 0.8. The average and
stendard deviation of expected market returns are 9%
and 18.9% respectively. The remaining $48.8 million
is to be invested in 171 different bonds with a cur-
rent average yield to maturity of 6% per annum.
Standard deviation of yearly changes in yield to
maturity is 0.005.

Out of a total of $99 million, $55.7 are permanent
funds in the sense that only interest apnd dividend
income from these funds can be consumed. The balance
is a discretionary fund whieh carries ro such re-
strictions. The investor has decided to invest 16.6%
of the permanent fund in stocks and 83.4% in bonds.
Similarly, 94.6% of the discretionary funds has to
be invested in stecks and the balance in bonds. The
investor plans to withdraw for consumption $5.6 mil-
lion at the end of the first year and will increase
his consumption by $0.1 million after every three
years.

Since the dividend submodel assumes a dividend pay-
out rate which is dependent on total return and pay-
out rate for the stock markeb during the previous
three years, this initializing information also is
provided by the investor. During the previous three
years, stock market returns and dividend payout rates
were 10%, 15%, 13% and 4%, 5%, 5.5%, respectively.

Suppgge the investment strategist wishes to examine
the results of the above mentioned policy and assump-
tions over the next ten years on a yearly basis.
Stocks and bonds are the two asset classes. He be-
lieves that one hundred iterations of the model will
give him sufficient information about, the likely re-
sults of this investment strategy and consumption
pattern. All the input information described here

is summarized in Exhibit 3. This information and the
data on individual bonds (principal2 coupon rate and
years to maturity) are supplied to the computer pro-
gram, The output of the program consists of values
of fifteen different output varisbles in each period
and each iteration of the simulation. This output is
stored on a tape or disc sterage device. A second

EXHIBIT 3

INPUT INFORMATION FOR PORTFOLIO SIMULATION

Humber of Periods (NP) 10

Length of Each Peried (PERLEN) 12 months

Number of Iterations (NI) 100

Number of Asset Classes (NASS) 2

Tnitial Value of Total Portfelie $99.0 million
(VALUE)

Initial Value of Stock Portfolio  $50.2 million
(vin(y))

- Number of Stocks in the Portfolio h8_
(NSTOK)

Beta of Stock Portfolio (BETA) 0.8

% Average Return on Stock Market 9.0
(DRETM(1))

Standard Deviation of Return on 0.189
Stock Market {PSTD(1))

% Average Bond Yield to Maturity 6.0
(DRETM(2))

Standard Deyviation of Bond Yield 0.005
Chenges (DSTD(2))

Number of Bonds in the Portfolio 171
(NBOND)

Initial Value of Permanent Fund $55.7 million
(VPERM)

Initial % of Permanent Fund in
Stocks (SHARE 3)
Initializing Values:

16.6

Year 0 Year 1 Year 2

Dividend Yield on Stock  0.0hb  0.05 0.055
Portfolio

Total Return on Stock 0.10 0.15 0.13
Portfolio :

Planned Withdrawals: (in millions of doliars)
Year 1 2 3 4

L 5 6 7 8 9 10
Amount 5.6 5.6 5.6 5,7 5.7 5.7 5.8 5.8 5.8 5,9
1 Principal amount, coupon rate and years to matu-

rity of bond portfelio are also supplied to the
program.

program is then used to provide detailed analysis of
any aspect of portfolio performance that the investor
may like to have. The fifteen variables on which in-
formation is provided are listed in Exhibit L. We
shall now give a few examples of performance analy-
sis and the format of the output presented to the
investor.

,
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PORTFOLIO STRATEGY FORMULATION . . Continued

EXHIBIT 4
LIST OF OUTPUT VARIABLES

Market Value of the Total Portfolio

Market Value of the Stock Portfolio

Market -Value of the Bond Portfolio

Market Value of the Permanent Fund

Market Value of the Discretionary Fund

Dividend Income

Interest Income

Permanent Fund Income

Discretionary Fund Income

10. Withdrawals (for dynamic withdrawals policy)

11. Return on Stock Portfolio

12. Value of Stocks in Permanent Fund/Value of All
Stocks (%) .

13. Value of Bonds in Permanent Fund/Value of All
Bonds (%)

14, Valuve of Stocks in Permanent Fund/Value of
Permanent Fund (%)

15. Value of Stocks in Discretionary Fund/Value of

Discretionary Fund (%)

.

\O oW\ W

Probably the most important information to the in-
vestor is the likely market values of the portfolio
at different points in time in the future. In this
simulation (over a ten-year period with one hundred
iterations) one hundred values of the portfolioc are
obtained for each of the ten years. The investor
cannot easily comprehend the meaning and signifi-
cance of so many numbers. These numbers can be ag-
gregated and summarized to be more informative. BEx-
hibit 5 is a histogram of portfolio values five years
after the initial investment. The height of each bar

EXHIBIT 5

HISTOGRAM OF THE MARKET VALUE OF THE TOTAL PORT-
FOLIO FIVE YEARS AFTER BEGINNING

35
23
5 g
*
5 3
i i 12
¥ X
i i
* : * 6
5 i i i
* * : * 2
g i 3 4 i
% £ ] ¥ i
* * . : * * ;: t
- €0 & 100 120 1o 160 180 200

Portfolio Value (in millions of dollars)

Average Value = 120 million
Minimum Value = 65.4 million
- Maximum Value = 191 nillion
Most Likely Range = 100 to 120 million

in the exhibit indicates the relative chances of the
portfolio value lying in the given range. The most
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likely range, given the investment and consumption

strategy mentioned earlier, is $100 million to $120

million. The expected value of ‘the portfolio five
years from the beginning is $120 million. Similar
histograms can be prepared by the computer program
for portfolio values at the end of each of the ten
years.

Another method of summarizing the information from
simulation is shown in Exhibit 6. Fractile ranges
of the portfolio values at the end of each of the
ten years are plotted against time. ILetter "M"
indicates the median value, i.e., the actual port-
folio value is egqually likely to be greater and
smaller than this value.  There is a fifty percent
chance that the portfolio value will lie between
digits "5" and ninety percent chance that the actual
portfolie value will lie between digits "9." 1In
other Vords, for any given year, there is only five
percent chance that the value of the portfolio will
be above the top "9" and five percent chance that

it will be below the bottom "9." Exhibit 7 babulates
the numerical value of the points plotted in Exhibit
6. In addition, the table gives the minimum and
maximum realized values of the portfolic at the end
of each year realized in the simulation. Average
annualized rate of growth of the portfolio calcu~—
lated on the basis of median and mean values is also
given.

The histograms, plots and tables shown in Exhibits
k, 5, and 6 can be prepared for each of the fifteen
variables listed in Exhibit k.

INTERPRETATION OF RESULTS

Exhibits 5, 6, and T and similar exhibits for other
variables listed in exhibit 3 can be used by the in-
vestor to evaluate his investment strategy and con-
sumption pattern specified in Exhibit 3. Exhibit 6
shows the degree of uncertainty involved if this
strategy is followed. Increasing spread between
fractiles indicates the increasing uncertainty about
the value of the portfolio far out in the future.
More detailed information on the distribution of
portfolio value in a given year can be provided by
histograms. Histograms and plots convey substantial
information about the degree of risk involved in a
given strategy. This will be made clearer by com~
paring exhibits 6 and 8. The latter exhibit plots
the market value for the same portfolio when

the investment strategy and consumption pattern is
unchanged in all respects except that the market
risk of the stock portfolio is increased from 0.8
to 1.5. As mentioned earlier in the description of
the model, increased risk will bring higher returns
on average, combined with greater variability. This
is borne out by comparing results from the simula-
tions. For example, the median value of the higher
risk portfolio after ten years is $148 million com-
pared to $14U4 million for the lower risk portfolio.
At the same time, the market value of the higher
risk portfolio will lie between $95.6 million and
$285 million with fifty percent chance, i.e., in a
range of $189.L4 million. For the lower risk port-
folio this range is only $71 million (from $112
million to $183 million). Other comparisons be-
tween the consequences of the two policies after



TABLE OF THE MARKET VALUE OF THE TOTAL PORTFOLIO
MARK®ET RISK OF STOCK PORTFOLIO (BETA) = 0.8

1. Total Value (Disc. + Peri. -Funds) in Dollars

EXHIBIT 6
PLOT OF THE MARKET VALUE OF THE TOTAL _}.'-‘ORTFOLIO
Market Risk of Stock Portfolio (Beta) = 0.8
1 Total Value (Disec: + Perm. Funds) in Dollars Frame 1
Millions
257, /
9
220 +
g—7
182. + 9 5
. / 5 _—
. 9 /
95 percentile / , 5
- 75 pércentile /
9 /5
Wws. 4 9/ 5 /M
/ 5 /M Median y—"
L5 .
9 M
M
. / - 5 / M/
. g M - 25 percentile 5 t 5
108‘ £ 5 M /M/ . 5 5 / g P ——
‘)34 5 "'—"—-5/5' 5‘———'5/
g 9 5 peréentile
4 9
—— 9 9/ \ . . '
. ~—_
70.8 4 + } ) : ' T 9\7
1 2 3 b 5 6 7 8 9 10
Periods
EXHIBIT 7 J

Initial Value = 99.0 millions
Byuivalent Annual Growth Rate over Entire Period = 3.83

Ending Median Value = Iik, Hillions

Ending Mean Value = 152. Millions

4.39% Based on Mean

4 Compounded Annually, Based on Median,

BEnd of Year 1 2 3 4 5 6 7 8 9 o«
Means 102, 107. 109. 115. 120 126 133. 138. 145
Sid. bevn. 9.08 2.k 16.7 21.3 26.0 30.1 37.9 k2.7 48.5
Maximun 120. 132, 153. 165. 191, 212. 259. 257. 285.
95 percen~ .

tile 116. 128. k1. 150G, 171, 186. 202. 207. 237,
75 percen=~

tile 108. © 117, 121, 130. 133. kb, 155. 166. L77.
S0 pelcen-

tile 102. 106. 108. 112, 116. 122, 127. 135. 139.
25 peyrcen~

tile 95.8 97.6 97.5 99.6 102. 102. 105: 104. 111,

5 percen- R

tile gh.5 87.2 81.2 81.6 83.9 83.9 79.0 78.5 The5

Minimum 80.% 79.8 73.7 70.8 65.4 65.7 €8.6 67.8 61.2

10
152.
57.1

257.

183.

1hk,

112,

7.6
G2.h
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PORTFQLIO STRATEGY FORMULATION . . Continued
EXHIBIT 8
PLOT OF THE MARKET VALUE OF THE TOTAL PORTFOLIO
Market Risk of the Stock Portfolio (Beta) = 1.5
1 Total Value (Disc. + Perm. Funds) in Dollars Frame 1
Millions .
ko6, -
9
hot. +
9
318. +
9
5
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ten years are shown in Exhibit 9. Such comparisons
of portfolio performance at different intervals and

with different investment strategy are likely to
brove very useful to the investor in selecting his

EXHIBIT 9

COMPARISON BETWEEN PORTFOLIO PERFORMANCES WITH BETA = 0.8 AND BETA = 1.5
Values at the end of ten Years in millions of dollars

Beta = 0.8 Beta = 1.5

25 Percentile Median T5 Percentile 25 Percentile Median 75 Percentile
Total Value
of Portfolio 112 1hk 183 95.6 148 285
Geometric Average
Annual Growth Rate - 3.83% - - 6.07% -
Based on Median
Value of Stock 6.8 5
Portfolio 61.4 90.5 129 hi.h 96. 3L
Value of
Discretionary ho.7 .7 109 3k.1 80.2 193

Fund
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policy. Comparisons similar to those shown above
can be made for other varisbles such as cash income
and values of stock and bond portfolios. TFor dyna-
mic consumption policies (when dollar value of con-
sumption is not fixed in advance and is dependent
on portfolio performance), comparisons for consump-
tion levels also can be made. Since consumption
remains the ultimate purpose of investment, it is
unlikely that investment strategy decisions can be
made by investors without fully comprehending the
consequences of such policies for their consumption
levels. This model, we believe, provides a conve-
nient and easily understood vehicle for making
these decisions.

iV. CONCLUDING REMARKS

The model presented in this paper provides a means
for {1) examining and comparing probable conse-
quences of proposed investment and consumption
policies, (2) selecting a proportion of various
kinds of assets in the portfolio on the basis of
the effect of such choice on performance measures
which are deemed important by the manager and (3)
" selecting a level of risk for stocks and bonds in
the portfolio, by presenting the likely conse-
guences of various policies in realistic and com-
prehensible form to the investor. The simulation
approach provides a framework in which relatively
sophisticated and modern concepts of capital mar-
ket theory can be applied to practical problems of
an average investor to yield useful results. We
might also mention here that this model is not a
guide to the selection of specific stocks and bonds
for a portfolio. Such selection comprises the
tactical decisions of portfolio management within
the framework of portfolio strategy. Stock selec-
tion decisions lie within the purview of the port-
folio manager, while the strategy decisions must
be made by the owner himself. This model is direct-
ed to the latter typé of decisions. Space limita-
tions prevent us from including description of an-
other use of this model: evaluation of the perfor-
mance of the portfolio menager by the owner of the
portfolio.

This model was developed to assist trustees of a
university in laying down the portfolio strategy
for its endowment portfolio. The model has since
been implemented, but it is yet too early to eval-
uate the results from its use. Some special fea-
tures of the model, such as the distinction be-
tween permanent and discretionary funds, were
necessitated by this application. But other in-
vestors using the model can simply bypass such
features if they find them unnecessary. For ex-—
ample, if consumption levels are set to zero for
all periods, the model will simulate the pure in-
vestment strategy without consumption. Therefore,
the model is much more general than it may first
appear to be. The approach of the model, however,
is still more general as the model can be expanded
and further specialized or generalized to serve a
variety of investment situations. Mathematical
features of the model can be refined further de-
pending on the time and effort availsble to the
users of the model. This presentation of a working
model for portfolio strategic decision is only one
step in bringing the theory and practice of invest-
ment closer together.

ACKNOWLEDGEMENTS

Others who worked on designing this model include
Kalman J. Cohen, Richard Roll and Robert Boldin,
and my debt to them is gratefully acknowledged.

FOOTNOTES

1. Williamson [16] and Meckling and Jensen [11]
present simulation models for setting risk of stock
portfolios. Our model includes modeling of bonds in
addition to stocks in the portfolio.

2, It is easy to expand the model to include other
types of assets such as real estate, once the behav-
ior of returns from such assets is defined.

3. Assuming that it is a well diversified portfolio.
4. See Ford Foundation [1], Cary and Bright [3],
and Meckling and Jensen [11] studies for detailed
analysis of the problem.
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