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"IMPLICATIONS OF CHANGES IN THE HOLDING PERIQD AND QTHER PARAMETERS

ON SYSTEMATIC RISK AND FERFOAMANCE OF A SECURITY™

ABSTRACT

Tha Capital Asset Pricing Model is a single period model which specifies

a8 linear relationship batwean return on an agsset and return on the entire
martkat. Tha modal is widaly used in literature as if a portfolio of
securities can be dasigned based on a unique value of systematic risk. In
this paper it is shown that in reality it is not possible to design a
portfelic based on a unigue value of systematic rigk and psrformance index
of securities, since both thess measurms are a function of not only the
holding pericd, but also the values of expected market return and the
risk-free rate of return likely to prevail for tﬁe period under considere
ation. Further, using computer simulation the poper captures the extent
of impact of the holdirg period, expected market return, risk-free rate of
raturn and tha interaction of the holding period and expected market return
together, on tha single pariod measura of systematic risk and perfommance
index of & security. The simulation results also show that other para-
metars such as the variznce of markat return, variance of the error term
and othear combinati;ns of interaction tsrms do not have any significant

impact on the single period measure of systematic risk,



IMFLICATIONS OF CHANGES IN THE HOLLDING FERIOD AND OTHER
PARAMETERS ON SYSTEMATIC RISK AND PERFORMANCE OF A SECURITY
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Introduction

— ——— — ———— i —

The capital asset pricing model (CAFM) developed by Sharpe (1544)
Lintner (19265) and Mossin (19&64) specifies a linear relationship
between return on an asset and return on the entire market
comprising all the assets available for investment. It 1is
essentially a single period model which can be derived on the
assumption that the one-period return on each asset follaows a
normal distribution. ALl investors are assumed to agree on the
parameters of these distributions. In addition, they are
expected to have identical investment horizon, as specified by
the length of agne period. In reality though, even if investors
agree on the parameters of the one-period return distributions,
the investment horizon is tikely to vary across investors, and
an extension of the model to multi-period situation becoues
necessary. Such an extension poses difficulties because of the
possible dependence between returns over time and because of the

non-linear relationship between muiti-period and one—periocd

returns.

The existence of long term dependence in security returns was

established by Greene and Fielitz (1977). In the presence of
lang term dependence, the appropriate model +or return distribu-—
tions would be normal with drift, which 1is also kpown as

fractiagnal Gaussian noise. In such a situation, Greene and



Fielitz (1979) established that the risk rankings of stocks or
portfolios wouid vary with the length of the period chosen for
computing returns, These inferences also implied that the
composition of efficient portfolio would depend on the length of
the investment horizan. The usefulness of CAFM, which assumes
that investors have identical investment horizon for portfolio

decisions, in reality, is therefore questionabtle.

Levy (1972) euptored the impact of investment horizon in a
different manner. He showed that even if it is assumed that the
return distributions are normal and independent from period to
period, the reward ta variability ratio of efficient portfolios
wouid be a function of the length of the investment horizon,,
because aof the ron-linear retationship between multi-period and
one-period returns. Subsequentty, Levhari and Levy (1977) showed
that even for a single security, any deviation in the length of
investment horizan from the length of the "true" investment
horizon, causes a consistent bias both in the measure of the
systematic risk, fF , as well as in the index of performance
measuwrad by the ratia bhetween the expected return and ﬁ of the
security. They derived the direction of the bias, depending on
the value of P for the true horizon and the relationship between
the lengths af the true and the actual horizons. Anather
interesting feature observed by them was that for any given value
of F for the true horizon, the higher the length of the invest-

ment haorizon, the higher would be the index of performance.

rJ



This paper is an extension af the work done by Levhari and Levy.
It reports the direction as well as the extent of impact on P and
the index of performance of a security because of changes not
only in the holding period but also in the other parameters used
in deriving the CAFM. Also, the approach adopted in this paper
campietely dispenses with the need for assuming any "true®
investment harizon, unlike Levhari and Levy. The impact of the
length of the investment horizeon (n}, the expected market return
{E,, )y the variance of market return (V,, ), the risk-free rate of
return (q: ) and the variance of the error term (V, )}, on P and
the performanﬁe index of a security, bhas been assessed using

computer simulation.

Generation of DOata

e e S e e e e it e —  ———

The one-period market return for period t, r_, , was randoml y

generated from a normal distribution with parameters £, and V., .

The erraor term et v for the period was generated from a naormal

distribution with parameters zero and Vg. The one-period return
on & secuwrity i, for period t, rkt,fur specified values af single
period measure of systematic risk, Fi' and the risk—-free rate,

r. , was caomputed as follows:

f

Tt =% TR T T e

The wvalues of the parameters used for generating different sets
af ane-period returns are presented in Table 1. As can be seen

from the table, r is specified at two levels, E

I and Pi are

byl

specified at five levels each, and V., and V, are specified at



three levels each, resulting in a total of 450 different sets of
valtues of parameters. These sets capture a wide spectrum of
conditions that are likely to prevail in the market for a weekly

holding period.

TABLE 1

AN

Using gach set of parameter values, N one period market and
security returns were generated; N defining the length of run for
the simulation performed subsequently. The value of N itself was
specified at three different levels of 780, 1540 and 3120. The
n-period returns, corresponding to any set aof single period
returns, were computed by taking the product of sets of n
successive one-pericd returns. The number of n-period returns in
one set would be N/n. The values of n used were 2, 4, 13, 26
and 52, representing fortnightly, monthly, gquarteriy, half-yearly

and yearly holding periods.

Camputer Simuiation

. e et T W sl by e . i i o T STt o T

The n-pericd market and security returns generated for various

combinatian of parameters were used to estimate the value of Fn '

the n-pericd measure of the systematic risk, by regressing the

security returns with the market returns, using the LCAFPM

specification. The average value of the normal ised measure of
~

the systematic risk, ﬁh / Fi y for different initial values of ?1

and for a given vaitue of N were computed. To find out whether the



results were affected by the inifia1 values (seeds) used for
generating the random numbers, ten different sets of seeds were
used resuiting in ten different average values of gn / By « The
average values of these normalised measures of n—period
systematic risk for various combinations of initial conditions
are presented in Table 2. As is apparent from the values, the
initial conditiaon had little impact on the values, and lengths of -
run of 7BD observations praduced results which were very close to
the resu]ts- produced with 3120 pbservations. Similar results
were obtained when the normalised risk measure was averaged over
m s . .This indicated that 3120 opbservations would
certainly be adequate to provide stable results. Hence, the
analysis was daone only of the results obtained with 3120

chservatians.

TABLE 2

_—— -

Analysis of Variance

D b i Ty ——

The wvariability observed in the average value of normalised risk

was sought to be explained by the variations in the five

parameters as well as the variation resulting from interactions
among these parameters., The five-way classification model to
capture the main, as well as the interaction effects was

specified as follows:

= )J + S1 + S2 + 5, + 8§ + §

y{jxlmp 3 4 5 ¥ uiJkth



Whete ¥, is the observed value of normal ized risk

-Ld‘xtmp
carresponding to
ith 1evel of £, ,
J™ level of oy,
kth level of oj ,
1™ level of re
mih Tevel of n , and
pth level of P1 (not consiered an assigneble Factor).
A .;5 the average response
Sy is the sum of responses of factors taken one at a
time, i.e., 5; = a, + bj + c o+t d{ + e
where a; is the average response due to ith Vevel

of Em and s0o on .

Sl is the sum of responses of factors taken two at a
time, that iS' Sz = (ab)id' + . aw + (dE>-{'ﬂ‘l ]
where (abJ% is the average response due tao 1‘4

level of E, and j'" level of op, and in general

S is the sum of respanses of factors taken w at a
time, and
u.. ig‘the error term,
tltlm?
The results of the analyses of variance, in terms of F-values,
for a typical set is presented in Table 3. It is apparent from
the tabie that the length of the haldirg pericd had the most

significant impact on the normalized value of systematic risk,

being significant at «C =,001, The impact of the expected market



return was significant at o = .005 and that of the risk free rate
ate(= .05. Of the intéraction terms, the sdcond level interaction
between the holding period and the expected market return was
significat at = .05. The other F-values were not significant

even at &= .1 .

] ’

{ TARLE 3 |
The analysis af variance was done far all the ten sets af
initial conditions. The F-values for the four variables

mentioned in the earlier paragraph, for each run, are presented
in Table 4. As is apparent the concliusicn reached earlier is

Targely borpe out.

TABLE 4

To determine the direction of impact of these variables, the
average wvalues of normalised measures of systematic risk for
various ‘evels of these variables are presented in Table 3. It
was observed that the normalized risk increases with increase in
the levels of holding period and expected market return, and 1t

decreases with increase in the risk—free rate.

+ TABLE S

—— = ma




iomogenising  on

The mean effects of the three parameters, Ny e s and E_ and the

interaction term (n,E,, ) were further analysed by computing the
average values of normalised measures of systematic risk for
various initial values of Fx . These results are presenteed in
Tables éa and &b. The results revealed several interesting
features. If the value of pl was less than one, then normal ised
measure of systematic risk decreased with increase in the length
of the holding period, while if the value of Pl exceeded one, it

increased with increase in the length of the holding period.

Thus, the directiaon of the impact of holding period depended on

the value of Pl . A similar impact on the normal ised measure of
risk was a]sq observed with respect to the increase in the
“pected market return. However the impact on normalised risk
was opposite w;th respect to increase in the risk-free rate. In

other words, the value of normalised risk increased with increase
in risk—free rate, when FL was less than one and the wvalue

decreased with increase in risk-free rate, when Pl was greater

than 1 .

TAEBLE &

Impact on Ferformance Measure

The performance index: of a security for n-period holding (P, )

could be represented by the following expression:



(1+Ei)n - (1+r'_.)n

n A

. Pn

Whare Ei is the one period expected return on gecurity i,

The average values af the performance indew for the ten ruwns, for
various levels of and various values of n, e E,. and the
interaction team (E, , n) is summarized in Tables 7a and 7b. 1t
is easily observed from Table 7a that the performance measure
increases with increase in the length of the holding period, for
all vafues of ﬁi s though for higher values of Fl . the increase

is relatively smaller compared ta that of the lower values of B

The impact of the expected market return on the performance
measwe is also similar. However the effect of increasing the
risk-free rate is understandably the opposite, i.e., the

performance measure decreases with increase in the risk-free

rate.

Conclusion

The basic findings of the paper may briefly be summed up as

follows:

a. Holding period has the mast significant impact on the
measute of systematic risk P y especially when the value of
one—period measure of systematic risk, Fi y is substantially
different from one. When it is smaller than one, the
estimated measure of risk decreases with increase in the
holding period, while when it is gregaler than one, the
estimated measure of risk increases with increase in the

holding period. F “hows a similar behaviour with respect to



the expected market return Em as well as the interactior
term (N, Em). However, impact of the risk free return r
on P though significant, is opposite. That is, an increase
h1r¥ causes a rise in the risk measure when Pliﬁ less than

one and causes a drop, when it is greater than ong.

b. Further, the results 'show that the performance measure of 3
security increases with increase in the holding period. The
results also indicate that irrespective of the values of PL'
the perfarmance measure of a security improves with increase
in expected market return and the interaction term and

worsens with increase in the risk—-free return.

In practical terms the results in Table éa may be interpreted to
imply that holding an aggressive security (ﬁ17 1)1onger is
riskier, whereas holding a defensive security(~ﬁ1<;1)longer
reduces the risk, Further, if the market return is expected to
be high in the period under consideration, aggressive stocks
would become more risky and defensive stocks less risky. An
increase in the risk—free rate has an opposite effect on the
riskiness of securities. Also, when the market return is
#pected to be high during the periad, if securities are held
longer, both Em and n  would be higher so that the aggressive
stocks would become more risky, while the defensive stocks would
become less risky. However, when the market return is expected
to be low, if the securities are held longer, E, is lower whereas

N increases, so that the two effects neutralise each other's

10



impact considerably, though the resultant impact reflects thi
relative dominance of increasing the holding period over thi

reduction in the expected market return (see Table ébl.

Another important implication of the results concerns studie:
on market efficiency using gamparisons af trading rules with bu
and hoid strategy. The two strategies cannot be compared becaus
returns are measured aver different halding periods, and holdin
pericd itself has a significant impact on the measure of risk an
performance. Thus, to be able to compare the performance of

trading strategy with buy and hold strétegy one must have

performance measure which 1is free from the influence of th

halding period.

Firnally, the results underscore the fact that in reality

portfalio cannot be designed on the basis of a unigue value o%
systematic risk and measure of performance af securities, because
both these measures are a function of not only the holdiné
period but alsa the values of eupected market return and the
risk—free rate of return likely to prevail for the period under

consideration.



TABLE

1

Farameter Values

12

"""""""""""""""""""""""""""" Levers
Farameter @ o]
1 2 3 4 3

e 0.0015% 0.003

Em 0.005 0.0075 0.01 0.0125 0.015

Ev/ am 0.25 0.350 0.73

e/ ot 0.50 0.75 0.85

PL 0.75 1.00 1.23 1.30 1.73
_________________ U




TABLE 2

Noraalized Risk for Various Simulation Runs

Length of run, N = 780 Initial Condition

n I 2 ] 4 3 ] 7 8 ) i0

210011 1.0035  1.0041 1.0019  1.0027 1.0015 £.0042 1.00§2 1.0026 1.0021
& 10071 1.0077  1.0077 1.0059 £.0055 1.0091 1.0047 11,0070 1.0079 1.0042
13 1.0240  1.0276 1.0216 1.0239 1.0247 1.0257 1.0240 1.0203 1.0274 1.0271
26 1,064 1.0553 1.045¢ 1,027 1.0544 1.0520 1.0490 1.0456 1.0548 1.0501
3 L1033 11027 LA LE72 0 LA230 01,0097 1112 1L0096 1.1033 11202

Length of run, N = 1540

2 10020 1.0023 1.0026 1.0019 1.0026 1.0021 1.0013 1.0012 1.0037 1.0025
41,0066 1.0050 1.0070 1.0063 1.0060 1.0088 1.0052 1.006% 1.0095 1.0044
13 1.0218  1.0227 1.022% 1.0246 1.0247 1.0287 1.0220 1.0210 1.0299 1.0270
26 10377 10479 10520 1.0512  1.0550 1.0537 1.0524 1,002 1.0578 1.0537
LU LG LIS 14206 LLLISS 1.1200 L.0152 1.0043 10119 1.1247

Length of run, N = 3120

21,0017 1.0030 1.0021 1.0015 1.0026 1.0018 1.0015 1.0020 1.0021 1.0020
b L0065 1.0086  1.0062 1,007 1.0071  1.0074  1.00M 1,002 1.0064 1.0044
13 L0230 10259 1.0213 1.0252 1£.0255 1.0263 1.0256 1.0224 1.0237 1.0239
26 1.0547 1.0524¢ 1,049 1.05M4 1.0551 1.0528 1,056 1.0458 1.0522 1.0554
32 LIS 11189 L0189 11200 1.10192 D218 LLU7F 0 LL0109 11107 1.1239

i3



TABLE 3

Analysis of Variance : A Typical Result

Tera F-Yalue
. w.9223
Eon 17,2058
T 0.2047
Ta 1.2618
s 4.5904
ME oy 4.471%
Ny, 0, 0.0450
n, 0z 0.1294
Uyre 1.3039
Emt Ty 1.0744
Em 02 0.4177
Emife 0.2264
Tl 0.1333
T 0.3499
Te Ty 0.5251

-

s F-value |
r-t:E,n,tr;, ) 0.2144-
nE 0 0.1431
MEmafe 0.2074
Y- pett ) 0.0625
MTm e 0.1184
MyTg oy 0.0635
Emi0r 100 0.37197
E,,‘,u;;,rf 0.8122
Em,u?,l':F 0.6577
gt s ,r'f 0.4205
ME T 0 0.0876
M o0 o 0.2710
n,E,.,,.cre-,r'f 0.1100
MU Te g 0.1281
Emil 1T 0.56%6
n,Em,u;,cr;,r‘_ ¢.1181

14



TABLE 4

F-Values for Significant Teras

Direction of Impact on Normalised Risk

[ Run Nusber
Tera - - Smmmesesso—cmeeeoo-
1 2 K| L] 3 4 1 8 g 10
n g4.46 79,30 B0.31 12,40 Bb.04 B7.65  Bb.6B  48.53  70.79  89.93
Ern 1.0 1847 2.8 1.9 23.77 20,12 22,39 20,31  15.31 1.2
re 1.%0 4.35 4.03 1.49 1.5 2.Bb 1.33 2.8 5.89 .59
nE 1 406 3.13 3.94 1.22 6.7 £.30 b.1b 4.82 4.85 .47
TABLE S

Hlpict of Hotding Perind
g;;ding Average
Feriod  Horaalized risk
2
4 1.0085
13 1.0244
24 1.0524
a2 1.41177

Iapact of Risk-free Rate II;;;l of Exp. Market Retur; 1
Ri;;:;;;; Average Exp. Mark Average
rate# Noraalised risk Returnt Norealized Risk
Coams Lokt o000 e
0.0030 1,032 0.0075 1.0263
0.0100 1.0384
0.0125 1.0358
0.0150 1.0697

¢ Parameters specified on one-period basis,

15



TABLE ¢&a

Impact of Pi on Normalized Risk for Various Farameters

el ——

.9995
1.0001
1.0022
1.0034
1.00672

00,9657
1.0004
1.0401
1.08%%
1.1340

1.0029
1.0111
1.0264
1.0406

Holding Feriod

1.0004
1.0059
1.0117
1.0184

0 .9667
1.0018
1.0330
1.04688
1.1111

0.9744
1.0012
1.0234
1.0517
1.0813

0.9784
1.0003
1.0231
1.0479
1.0729

0.%647
0.9978
1.0384
1.070%

1.1215

* Specified on one-period basis

16

0.93516
1.0031
1.0480
1.1010

0.9611
1.0029
1.0445
1.1066

0.924461
1.0008
1.043%
1.1305

- 2073




TABLE &b

Impact of FL on Normalized Risk for Interaction Term

0.,.007%
00100
0.0125

0.0150

0,0050
0.0075
Q.0100
0.012%

Q.0150

0O.0075
aO.0100
0.,0125

Q.0150

00050
Q.0075
0O.0800
0.0125

00150

1.0002
1.0004
0.9999

0.9998
1.0007
1.0031
1.0023

1.0007
1.0032
1.0015
i.0053
1.0041

1.0014
1.00463
1.00%6
1.0049

1.0104
.

1.0010
1.0001
1.0021

0.9995

1.0015

1.0025
1.0042
1.0077
1.0117

1.0026
1.0095
1.0101
1.0170
1.0193

1.00463
1.0153
1.0180
1.0230
1.0291

1.0002
0.9988
1.0024
0.9994

1.0063
1.0151
1.0221
1.0328
1.0393

= 1.50

1.0163
1.0358
1.0441
1.0652

1.0779

1.0238
1.052%
1.0752
1.0948
1.118%

17

1.0024
0.9970
1.0061

l.0oas2

1.013%
1.0336
1.0497
1.0613

1.03%5
1.0679
1.0916
1.1371

1.0543
1.107%
1.1599

.2114

Market [ Holding Period
Return ]
2 4 13 26 52
P = 0.75
L
0. 0050 1.0002 0.9959 0.9921 0.9780 0.9557
0.0075 0.9977 0.9957 0.9816 0.94641 0.9349
0.0100 - [1.0000 0.9994 Q.9785 .9481 0.8978
0.0125 0.9997 0.9965 0.9729 0.9437 0.8928
0.0150 0.9994 0.9718 0.9678 0.9245 0.8467
= .:(
FL 1.00
0.0050 0.9997 1.0002 1.0006 1.0046 1.0095

1.0024
0.9927
1.0041
3.9993

_&_ﬁ__d—-___q__u_—__—u__ﬁ___—__—_—-_—-—-_—u

1.0344
1.0648
1.1106
1.1287

__m_q__h_“__-_,__nh_q__*_____h____h____-__“

1.0770
1.1419

L2049
1.30465

1.1167

.2248

1.34864

1.4735

1.6140
4




TABLE 7a

* Specifi

ed on one-period basis

14

Impact of on Ferformance Measure for
Various Farameters
Holding Feriod

Fy 2 4 13 26 52
Q.75 00,0154 Q.0317 0.1111 .2489 0.6239
1.00 0,.0154 0.0317 0.10997 0.2403 0.5852

25 0.0156 0.0315 0.1081 2343 0,552
1.50 0.01%6 0.0314 L1066 -.~¢76 H.JLZB
1.7 Q.0155 0.0313 U 1051 D.2210 4957

Risk—free Rate#

Fi O.0015 0.003
0,75 0.222 00,1901
1.00 0.2125 0.1804

25 0.2032 0.173%

1.50 F.1942 0.1472
1.75 0.1870 1604J
Expected Market Return#

Py 0.005 0.007S 0.01 0.0125 0.015
0.75 0,064 0.1262 Q.1990 r 746 ,.3689
1.00 0,0607 0.1221 a,1909 0.2629 0.34%7
1.25 0.0603 0.1196 0.1823 0.2536 0.32460
1.50 0.0592 0.1163 ©,1783 Q.2397 0.3100
1.75 0.,0583 0.1134 0.17095 0.2313 0.2951

et e e e -




Market
Return
lLevel

O 0050
0.0075
Q.0100
Q.0125
.0150

O .0050
Q.0075
Q.0100
0.0125
0.0150

QL 0050
0.0075
G .0100
0.012%5
0.0150

0 O0S0
SO LO0DT7S
0.0100
0.0125
00150

O .0O050
00075
0.0100
Q.0125

00,0150

Impact of Fl

TABLE 7b

on Ferformance Measure for

Interaction Term

0.,0035
0.0104
0.0154
Q0207

0.,.0257

0.0055
00104
0.015

Q.0207
Q.0257

O.0055
Q.0105%
0.0155
0.0204
0.0254

L0055
00105
0.015

O.,.0204

QL0275

ot el

0 LO055
O.0105
0.0155
0.0204
0.0254

0.0112
L0214
0.0315
0.0419
0.0526

0.0111
Q.0213
©0.0316
0.,0419
O.0524

0.0111
0.0213
00,0315
0.0418

0. 0520

0.0111
0.0212
0.0314
0,0415
0.03518

0.0111
0,0211
0.0313
0.0415
0.0%186

0.0374
0.0733
0.1099
0.1479
0.1869

0.0373
0..0725
0.1087
0.1454
0.1844

0.0373
0.0719
0.1074
©,1433
0.1804

0, 0370
00710
0.1063
0.1411
Q.1773

0,03469
0.0704
0.104%5
0.1394
Q0.1744

17

0.0799
0.1582
©.2437
0.3316

.0782
G.1542
0.2367
0.3203
0.4118

0.0780

0.1520
0.2299
©.3133
0.3983

0.0748
0.1493
0.2265
0.3016
0.3835

007860
0.14464
0.2186
0.2932
0.3707

0.1790
0.3674
0.59423 |
0 .B309
1.1480

0.1715
0.3%521
0.3620
0.7863
0.0540

0.1694
0.3422
0.5273
0.7490
0.97335

0.16%4
0.3293
0.5117
0.6937

0.1621
0.3184
0.4827
0.6617
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