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/ The Pricing of Stock Options and The Efficiency of

e

' j//,/ the Trans Canada Options Market
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This study is primarily céncgrned with pricing of Qptions and the
efficiency of the Trans Canada bptions market. A proceduéé involving a
minimization problem and the Newton-Rahpson technique for simultaneous

'eduatibhs is developed in order to estimate the pahametérs, b2 and r,
of the Black-Scholes model. This essentially tests the functional form
of the model. The results are unsétisfactory even when first~orde?
sé}ial corre]at{on is removed. Accordingly, the validity of the
assumption that stock price changes follow é/ggg@g;r1c Brownian motion
w1th constant drift and 1ntertempora11y constant variance 1s 1nvest1gated
It is found through a MINQUE-type estimator and by use of the Box-JenK1ns

. methodology that:ég:;;\variances are génera]]y white noiseg Qith a

 constant mean. It is'a]so demonstrated that the B]ack-Sché]és ﬁrice
calculated by use o% the MINQUE estimator pf_oz is a better predictor
than that using the historical variance. ‘ o

3 ‘ J (

N \

Next, the economic and the statistical versions of the random
walk -hypothesis are tested for the TCO. A]thouéh substantial arbitrage
pfofits were found through‘the Put-Cél] Parity relationship, these

disappear when trading costs for Canadian markets were taken into

e
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account. Finally, the role of the‘options-market as an—information
p .

o7 - ) -
‘generation mechanism.is investigated. Using Pierce-Haugh causality

tests, the Stiglitz-Grossman paradox is considered for possible
resolution in the Options market. *Also a non-parametric tesf\Eﬁh

the variance shift is used to decide if the listing of stocks on the -

TCO is an economie signal and contains useful information. .
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' CHAPTER 1 o

r INTRODUCTION

.
L4

-

This thesis is prjmarily concerned with the pricing of options

and the efficiency—s?:the options market within the Canadian context.

It is noted that very limited research exists in the 1itematurg in
the area of pption pricing in Canada. These are one unpublished
paper by Mandron [1978] and three published studies by Chua and
Mokelbo?thIQBOJ, Mokelbost [1977] and Mandron and Perreault [1983].

Consequently, much® of the research contained- in this theSis is new.

"

This study is organized within theofo1]owing framework. In
'Chagter 2, the Black~Scholes model is reviewed énd'a.standard
procedure for its solution is presentéd. .Specia]-empﬁésis is placed

upon the inter-relationships between the Black-Scholes hedging
. : b
techniaue (ana its assoéﬁated self-financing properfyL and the Ross

riskless arbitrage approach. A review of the literature includes the
several attempts made to (EJax one or more of the assumptions Qf the
Black-Scholes model. Further, modefs in which options play the role~

of completing the underlying sécurfty market, are summarized.

N v : e 2 :
In“Lhapter 3, the problems in estimating o, the variance of

~

stock price returns, are fully discussed, and the different approaches

]

used Py many authors are ana]}sed. Following a sudgestion by Cox -and

2

Ross [1976] for simultaneously estimating the parameters’ o and .r
e o

- S

[ o



(the risk free interest rate) a procedure, invo1ving a minimisation
problem, is dgvé]oped. This phocedure'uses the Newton Raphson'
a]gorikhm and essentially offe§;'a test of the functionglﬁfdhn o€

the B-Smodel. Krausz [1979] and 0'Brien and Kennedy [1982] also
applied a similar technique for CBOE options. However, Both these g
studies suffered from major dr;wggcks that are avoided by.our

methodology. Specifically, their procedure tries to find,a/

8

\ -
feagibke solution to €5 = f.i{r,o), i=1,2, where
L 4 C? = actual market prices
f. = B-S mode].prités. P

i

Such a systém can shave multiple solutions, so that trying t6~find a

feasible 561u}ion is unsatisfactory: Also, the sample; used in both
studies were.very limited and the estimétion done at only one point

in time, so that very limited "snapshots" of the process were

obtained. Finally, if noisg enters the model, through measurement

.

errors (or some.other reaéon),then the estimates may be entirely -«
E -

:
-

unreliable.

Accordingly, the procedure used -herein, 2§7tq estimate

Cit = fit (r,o0) + €5t where i =1, .... n, and where n 1is the

number of options.on a stqck\ﬁhich all terminate on the same date.

Furthermore, agrid;;earch method was devised to select an appropriate

jnitial vectdr {r_,o_ ). .The general finding was, that the estimates

0

of ryo0 were widely dispersed and the r values were in general:

t

-
’
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quite low re]at1ve to the appropriate Treasury 8111 rate A model
l!ncorporat1ng f1rst order serial correlation was .then formulated
and estimated. Again the results (see Tables 3.9 (a) - (d)) range
from very good for Northern Telecom to extremely poor (; < O)' for

Husky 0il. T%is might signal a non-stationary variance of stock

]

price returns. Accordingly, this problem'is considered ‘in

chapter 4.

In Chapter 4, the central theme is to investigate the validity

»

of the assumptiop that stock price chgngés.fo]1ow a geometric

Brownian motion with constant dﬁift and Tntertempora]]y constant -
variance, and to study the implications of~the results obtained for

the pricing Qf option%( The chapter is organized as follows. Firstly,

the Kolmogorow-Smirnov| test of non-normality is applied to the monthly

-

data for a sample of stockg on the TSE. The gene?a] conclusion is that

for a sample of 20 stocks for the ﬁeniod 1970-1979, the empirical

distribution is approximately normal but that monthly variances of
stock price{ changes are non-stationary in that they generally vaky

directly with the saquare of the market rate of return.

Secondly, the propositibn of Mande]brot [1963] that the-

b4

. d1str1but1on of daily stock price changes is not normal- but be]ongs to
N

the stable Paretian family with infinite variance is examined. The -
test is'based on the work by Fama and Rol11 [1971] on symmetric stable

distributions. The conclusion here is that for daily closing stotk .

prices on the TSE over a sample period o gak, the empirical

<

A



distribution was generally found to belong to the symmétric Paretian
family with the char%féeristic exponent o having a modal value

of 1.4 . This shows that the distributions have much fatter tai15'\

than those obtained for the US (see for example, Te%chmogl1er [1971] \
" and Osborne [1974] where & ~ 1.7). Further, the fact that in all

cases a significant kurtasis coeificient was found, toncides with

this fat-tailed finding.

Finally, in this chapter a MINQUE-type estimator was developed.
~“Using the Box-Jenkins methodology, suitab]é ARIMA models for the
daily variances of stock price changes were specified and estimated.

Daily variances are generally white noise with a constant mean,

]

a1thougH an autoregressive model was the best fit for some time series =

‘{ot}. Finally, using the forecasted value, op from the ARIMA

model, the B-S price was re-calculated, and the forecasted price, CR,
was a better predictor of the observed optiopn price than the one

obtained by using the historical variance.

In Chapter 5, empirical tests ‘of the economic and statistical
_versionseof the random wa]k hypothes1s are conducted. Thé1dent1f1cat1on

of the price format1on mecnanism for speculative markets for such assets
Y
as securities and commodities is an impdrtant problem in financia]

I~

econoﬁics. Speéifica]]y,.ihe question of whether or”not such markets.

e

are efficient depends crucially on the behavior of successive price

I

changes over time. The rand6a/wa1k hypothesis asserts that successive
/

price changes are 1ndependent. This is the so-called stat1st1ca1 form.

A - "
’ »
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For a sample of 18 option? on the TCO, the hypothesis that ) v

Reyy - Ry = w, » where Ry = 1n(C£+]/Ct), C, = closing option price

t+1 t t

at time t , w, = thte noise, cannot be Fejected. This is in

, t
contrast to the empirical findingfby Leabo and Rogalski [1975] that

warrants on thé NYSE and ASE follow a restricted random walk with

reflecting barriers.

"The second version, or the so-called economic vgrsioh, asserts
that security markets are efficient in the sense that arbitrage
opportunities; based,on the information contained in past'prices and
past price cHanges, cannot exist, modulo transactions costs.c The test

i of this hypothesis that wéé employed hérein, used the Put-Ca]Th}arity .

%;Theorem. In the absence of transactions costs, a significant number
\ of arbitrage oppqrtunities with profits of'a'relatively high magnitude,
‘was {dentifieﬁ. In order to determine if thése arbitrage opportunities
could persist in the presence of transactions costs, the trading cbsys -
for .options on the TCO and their associated stocks were then estimated."
The estimated trading costs were considerably higher than those obtained
by Phillips and Smith [1980] for 'the U.S., which is'probaﬁly due to the.
relatively thin nature of tﬁe capital markets in Can;da. Using these

estimated trading costs for Canadian markets, the abnormal profits

préviously obtained were entirely eliminated.

Finally in Chapter 6, the“?BﬁE”bf\Fhe optiogs market as an

‘

information-generation méchanigm is invgttigated. Receﬁtlj Chang [1983], -

obtained an option pricing formula under the assumption of an
. . T i, ’
incomplete market, and then rationalized the role of the options

’

“~t
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.market as one which completes the underlying securities market. In
}ﬁés chapter, another possible role of the options market is
//investigated. This role is seen within the context of the Grossman-

Y

Stiglitz paradox\ This pa

ox results from the argument that in a
perfect market, the acquisitiom\of information gives the investor no
comparative adVantage over the uninformed investor, since the process

e, [3 -
of price changes towdrds the new equilibrium price, will fully reveal

all 1nfbrmation to everyone. Hence there would be no incentive to "
acquire new information. However, if it is assumed that more uninformed
investors enter the options market due to Timited liability and relative \‘M
small capital requirements, then cﬁsngés in demand due to speculative zeal
would have a siZable impact. Indeed the options market allows for more
speculators and/or more speculative oppor£uﬁ¥ties thaﬁ in the,éecurities
'market._ Hence, it is hypothesized in this chapteg, that investors in

the securities market would acquire new information, but would enter the
options markef to act.upon their information, since changes in volume

and price in this market would be less revealing. ConZequentiy, the
_fol]ow{ng hypothesis 1s tested: There is causal?™ty ‘from option volume -

to stock price. The testing procedure uses the Pierce-Haugh

techniqﬁe which 1involves . the cross-correlograms of white noise

of both time series. The pyera11 conglusion is that for a sample .@,

Y X N

of 14 pairs of estimations, the hypothesis of no. lagged causality ,
(1:e., that no contemporaneous causalify.is present) is accepted.
Next, we test for reverse causality: therg is causality frém stock

price to option volume. This hypothesis {s base& on the empirieal
observation thét about 7 per cent of all ga]l options on the TCO are

exercised or are unprofitable by the exercise date. Consequently,

2 [

~J - N
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most options are tréded on the secondary market, so that investors
have a very short horizon with respect to option investment.  This
would suggest the causality stated above - from stock price to
option volume. The empirical results suggest that this:hypothesié
is accepted with signif{cant cross-;orrp]ation cggfficients at

recent lags, in several cases.

' ~
-
R .

Finally in this chapter, the question as to whether the 1isting
of stocks on the TCO is an economic signal is examined. That is,
the objective is to ascertain whether information on the security
variables is contained in the very act of being listed. Specifically,
a non-pérametéic tesﬁ due to Hsu [1977] is applied to @ sample of‘ ‘
50 securities on the TCO to ascertain if_there is a significant shift )
in the variance oﬁ stock brice changes after listing. Since, it is
widely accepted that the options market creates new speculative
opportdnities, then the above test is equivalent t6 finding out if
‘ the increased speculation is stabilizing. The results for this
section indicéze& that only 257 of the securities showed a significant
%decrease in therstock price variance after listing anci 25% underwent
an increase. Hence, the likelihood that a secu?igy wiil undergo a
significant change in 02 is the ;ame as flipping a fair coin. A]so,
given that a significant change occurred, the probability that it is

a decrease is*also the same as flipping a fair coin.

Finally, in order to makg sure that a significant change in 02

is not due to a concurrent significant change in the variance of the

“ 8TSE index, the estimation procedure was conducted on the TSE for the -



.
v

same time ‘period around the listing date of each stock. Surprisingiy,
there %s\é strong correlation b;tween changes in the variance of thé
stock price (before and after the listing é;tg) and the variance of
the TSE index. Hence, it is questionable whether the change in the
variance in the stock price is due to being 1ist§d on the TCO. This
contradicts the results by Nathan [1974] for CBOE and supports Fisher
Black's {1976].comments fhat it ig’questionaﬁle whether option trading

has an impact on the security variables. - .

4
H, .
. >
»
x
e . -
* o)
e e e
< J .
.
s
- -
/ -
' ¥
A1 o
H .
N
. . }
i e
¢ N
& LA
R o .
- - et
K H &
' —:t:%( N - (‘l./‘ i I3 . ¢ o
B o A AN
}\ <, - Mo o K ."
LT v 1 ;
oy . ,
™Y, - . &
. N
' S
W ’ '

w



e

Y
e,

-9 - N

|
£~
~ | )
CHAPTER 2

L ¢

_REVIEW OF THE LITERATURE i

~ 7

This chapter contains a review of the main developments in-the
search fora valuation formula for the prjéing,of stock options which

led to/ the now famous Black-Scholes formula. -

!
/

/ :K
, -
' '

2.1 Definition of an Option

v 70

e

: , )
An option is any instrument which gives its owner the right, but
1

not the obligation, to buy o; sell an asset within a fixed period of

!

time at a predetermined price. Specificé]]y; a call option on the
underlying asset is an option to buy (i.e., to call away) a specified
number of shares from the writer for a fee, Eal]ed the option prémiﬂm or
option brice: A European cai] allows the security to be exercised

(if rational to do so) only at the terminal date, whereas, an American
call may be.exercised at any time up tb and including the specifieda
date. A put option confers to its holder the right to sell the asset

a

at a specific pric€e for a fixed time period. .

1

Option contracts have a long history. In Biblical times, Jacob

bought an option t0'mdrry Rachel from her father'for seven years labor

@ - %

*

' For further details, see the Book of the Genesis, Chapter 29, =
King James etc.

1

v e,
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Also, around the time“Gf Aristot]&s- Thales the Milesian used options
to gain superior returns in the &i§§;é market.? Although options
have been traded in America s}nce»the late 18th century, it was not
‘-unti1 tké formation of the Chicago Board Options Exchange (CBOEf\in
‘/,fdAprﬁl 1973, that trading rules and procedures were standardized. |
This resulted in, among other thiqgs,’the standardization of exercise

s N
.,.— price and_exercise date.and the lowering of net transaction costs.

-

In 1976, the Canadian Option Clearing Corporation and the Montrea]l

Options Cle Corporation were opened. Later these Clearing Houses,
merged to form‘fhe Trans-Canada options Clearing Corporation (TCO)
The voTume of trading‘on the TCO is Tow relative to the CBOE but, from
‘a volume of 170,000 contracts in.1977, the TCO has grown to about

2 million contracts in 1980.

(N ‘ )
X <

2.2 Literature Prior to_the Black-Scholes Model

N
The literature, prior to the Black-Scholes model, coniains several
attempts by -many economists and finance experts to find a valuation
formuTa for the pricing of ca]f‘options. An excellent summary is

. contained in Smith [i976]. This research followed two main lines:

{

(i) ad-hoc models
(ii) -eqyilibrium models

”
-

. s
v
hd . L]

2 See Aristotle's Politics, Book One, Chapter II, lowett Translation.
. v h .

v
N 13

. ‘ -
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The first type was the result of maindy graph{cal techniques and
their visual deductibns. At the saﬁé,time, many gconometric models
were developed. The Tist of contrib;?%rs includes Kassouf 23977]
Shelton [1967] and Gastineau [1979]. Unfoﬁtunate}y, these models were— -

either computationally overwhelming and/or required continuous updating.

The second type of models were developed by Sprenkle
(1964 ], Boness [1964.] and Samuelson [1965]. There were problems with
these models as well. For example, Sprenkle ignored the timeqvqlue of
money . The main benefit from ﬁhese studies, howevq;, is that they were
a fbre-runﬁer)of the Black-Scholes approach iﬁvo1v1ng the creation of a

»

riskless hedge from which a va1uation_formu1a could be derived.

k3

-

2.3 Black-Scholes Formula

The seiinal paper by Black-Scholes in 1973, contained the now

famous option valuation formula. Their familiar model Chereafteﬁ

B-S model) was based upon the following dssumptions: *

1) The capital markets for stocks, options and bonds

are perfect.* . %

2)‘ T risk-free rate, r , 1is constant over the life

/;CA span of the option.

] N i ‘ /
* By a perfect market, it is usually meant that .there are no restrictions
on short sdles, no transaction costs, no taxes and all securities are
diviﬁlble. Hence trading can take place continuously.

é
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i . ~
3) The stock pays no dividends ,
4) The stock price follows a geometric -Brownian mdtioﬁ.in
‘continuous time with constant drift and inteértemporally <
. [ stationary variance of the rate of return.
b
'dSt .
" « Specifically, —=— = udt + o duw ’ _
| TS t. S
where Sy = stock price at time t,
Wy = white noise,:
o e s
‘u- = drift, o = varianceé of stock .

\ price returns, :
- * » -

. 5) The option is a European call.

Based upon the above assdmptions, B]ack—Spho]eé:deve]oped an arbitrage
" _argument involving an opfimal hedge ratio of ca]lslana the underlying
security, so that a self-financinglportfc]io is generated. Specifically,

the model is solved as follows:

Let S, = price of share at time t, - ' ‘ o ) gy%
o Ct = price of call at time t, ‘ .
g ng number of shaées of stock, ’
nca = npumber of call options .

\ Ar?)éssume that ng shares are bought Tong and ne call options written

on the ‘shares. Then the ﬁet value of thiswbortfo]io is Rt~= "sst - Ne Ct.



— > .
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Thus, the net return is

b . ¢
R —. . . ‘ ) f
-th' = d(nSSt)L-ﬁd(ncCt) )
.~ dn dn_ dst " dc, ‘
. = —2(nS,) - ==(n L) + (ns)———(nC)‘ (1)
, s st t C L-t ,
» ~ S -~ C ,t Y )
;\ * ’ . . . " . | . . i A
But, by assﬂ‘mpt'non (4), . o ' o
-~ # % . f‘ . ; . ’
/,_ - - ‘dst' ‘ . ' ’ ’
- — = udt+ o de ‘ o
St , Tt
- , D - .
\ . vhere Wy is a Weiner process with mean zero and variance 4021; . Hence since
+ - < i \\ "
TroC = f(St), by Ito"s Lemma, : .
; » L ]
: ) : ° . ’ U N .
A ' ~ dc,C u. dt to dmt . o (2)
¢ . N Se 2, ' .
v . . Where ! Q% ' 8 ;— 1—29 o2 52 e e
- ¢t c% £ 95 Q’ '
. \ aro ) . . N
t A AT . , ‘
« and )o,c 3% cS/ g _ .
=N . <. .
S n.- L.
-, . aC . _s '
4\, So, subst1tut1ng (2\): into (1), and letting =% = e , (1) becomes,
> 4. , .‘dn .'. n - - . 2 ]
5 ‘CaC [ croC .1 9°C 2.2+ :
J ‘ B th ‘- -r—‘-;- ‘(HJVS)- —-n-;:- “(nc C)r?nc [ '57(:' + Vi '8';2' oS ] A ' (3)
"* C'I’aﬂ_y equation (3) 1s “risk free, and m a perfect ‘market (assumptmn
¢ (1)), the. portfo"lyuset earn the risk-free rate. . -~
S . . ' ! e .
; L \ dR ot . .o : .
e Sog s (nSS-ncC')ra“ ‘ e (4). |
/ ¢ , , re o e ' < s
, . ‘ . {
\ { ,
a ) . N ’ ) . / '
’ . . . “" ' / ) ' - . “\
» .' \ii‘ ’ - 7 ) ’\'1 ‘ B C— . . -
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Comparing (3) and (4) and letting ‘(dﬁS)S ='(dnc)C, then(])

. - 9 -
: ‘_ aC . 1 8°C 2.2 Do
(nSS-ncC)r—-nc[-a—t—+-2.—~705] ‘ . -
3S
. & °

- ' : o8 s .

Algebraically reducing (5) and observing that TEn » the
o c

following result is obtained:

: 2
aC oc .1 3 2.2 _
3t ~ rC + rS 3¢ * 2-'—g? S =0

Q

;
: : -
This is the familiar deterministic partial differential equation

that B-S found.. Coupled with the boundary condition that ‘”

Cin. = max (St,~E,b), the B-S valuation.formula is: -

s , S
: . Cw | | . .
Cp = S, N(d) = ™™ EN(d-ovEF)
where Ct = c¢all price at time t,. .
St = stock -price at time t,
t* = exercise date, -
E = exercise price at t*,
LA .
- V' ‘ M l
——-——;—-———-—-—n . . . . . s

(1) Since - is not an endogenous variable (i.e., the continuous hedging

3

c

. o n
assumption that

aC
n . C
then d(=2) =0 .

c <" - ‘

n
35 = ﬁi a119ws//ﬁf to be continuously determined)
/.
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r = risk-free rate, ~ .
k) 4
o% = instantaneous variiﬁEé'of the stock price returns, T
’ 2 ‘
In(E/S) + (r + %‘)tf -

d = ) ", .

ovt* o ‘ , n

r ~

Note that fhe only unobservable parameters in the model are 02 and
R L ) '
r . Usually researehers accept the relevant Treasury Bill rate as a

suitable and reliable proxy for the risk-free’ rate r . Hence, it

2 ,$§ the only unobservable to be estimated. Consequently,

the adequacy of the B-S model will be judged solely on how Qel] 02 *is

would leave ¢

estimated. (2)

2.4 Extensions of the B-S Model

Harrison and' PTiska [1981] have proved thét the B-S modél implicitly
assumes that the markef is-comp]ete in the.ArﬁowJﬁébreu sense. Chang
[19823vthen arguﬁgsﬁhat it is the assumpfion o% comp]eteqeés in the B-S
modei which results in the Ross risk neutral Qa]uation reiationéhip.

This relationship {E based on the fact that the B-S valuation model is
independent of the*sfpected_rate of return of tﬁe stock, u , and also

-rt*. .
of investor's preferences. Ross then showed that C; = e rt [max(St*-E,O],

~/

which giveg the B-S formula.

ek

(2) The various methods found in the 1iteratu}e for estimating 02 , and
the problems associatedkwith them, are discussed fully in Chapter 3.

e

Ve
f i

&
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Other studies attempted to, relax one or more of theassumptions

sof the B-S model. Merton [1973] assumed that the risk-free rate is

stochastic and obtained a closed form solution for a simple case.

'Mgrton [1976] and Cox and Ross [1976] examined the. case when the process,

®

generating the stock price returns is a jump-diffusion process, while

[N

Ro11 [1977] derived an analytic formula for unprotected Aﬁé?ﬁcan call
options 6n stocks with known dividends. Finally, many numerical
approachesiwere made to obtain pricing formulas. These include the
binomial pricing (Cox, Ross and Rubinstein [1979]), Monte Cg?lo

~~

i . .
Simulation (Boyle [197Z]), finite difference methods (Brennan- -

&

Schwa}tz [1978]), numerical integration (Parkinson [1977]), and the

éssumption of arbitrary, stochastic processes (Jarrow-Rudd [1982]).

2.5 Call Pricing in an Incompliete Market

Recently, several studies have endeavored to obtain pricing modeis
when the market is incomplete. Kwon [1980] extended Farka's lemma to a
continuous fraﬁework and showed thaf a'priginé‘formulé can be obtdined
if a'“consensus” utility function®is assumed. Garman [1978] has
labelled thi's approach to be an "absolute pricing” techniqué: Lee-Rao-

Auchmuty [1981], using Bawa's 1ognorma]‘CAPM, developed a pricing

. formula under discrete trading: ‘They claimed that their "new discrete

trading option valuation formula is based on a larger admissable set of

-utility functions than 1s'perm1tted in the Rubinstein-Brennan state-

4

-
&

preference framewprk”.

-
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0'Brien and Schwartz [1982] provided'another model using the
standard CAPM. Using a numerical procedure to‘séiVe the model, they
showed that it outperforms the B-S model when applied to the err-the-
counter gold market. Based on the assumption that gptions exist B
for Fhe purpose of completing the market, Chang [1982] developed a
pricing model within the context of the standard CAPM. His model

contains a "market-effect variable - the expected return on the

underlying stock®.

t

A “
-

~

This completes the review of the "literature onhoption pricing

—

‘models.: - | , | .

\4

[t
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" ~CHAPTER 3

ESTIMATION OF THE UNOBSERVABLE PARAMETERS IN THE

BLACK-SCHOLES MODEL

-

[

‘Tﬁ“@he previous chapter, it was shown that the Black-Scholes

1}

foému]a giveso Cy = f(oz,r,St,E,t*) where, Sy ath.E are unémbiguous]y
_ known parameters, and 0% and r are pnobservable pérameters. Since
researchers usua14y~accept thé relevant Treasury'Bill rate as a-suit~
able and reliable proxy for the unobservab]e risk-free rate r only
'02 has: tq be estimated. Therefore the adequacy of the B]ackacholes
- model will be'judged solely on the degree of efficiency of the proced-

. e es 2
ure used in estimating o".

In- this chapter, a review is made' of the different estimation
techniques,:sed in the'1i§erature. As shown later, deSpite all the
various attempts to estimate 02; the pred1cted option prices us1ng
the B-S model systematlca]]y differ from the actual values Also, 1
is demonstrated in Appendix I to this chapter, that two such tech-
niques by Latane-Rendleman [1975] d/Ch1ras [1977] for estimating
02 are seriously flawed. In fact ghgir eszimates are asymptotically
méahing}ess. Consequently, we propése an alternate approach based upon
a suggestion by Cox and Ross [1976] and which essentjally avoids the

problems associated with the estimation of 02. The main feature is the

Newton-Raphson method for solving non-linear simultaneous equations.

{
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Krausz [1979] and 0'Brien and Kennedy .[1982] have done kesearch on the
CBOE using this approach and found that the B-S formula performed poor]y
We believe our work is more extensive than in the two studies cited
above in that we derive mathematically precise relations and performed-
cros§-section studies (1ike 0'Brien and Kennedy) but also did‘longi-
tudinel studies for several pi}}s of options at different points in

imé. If the market is efficient, then our results suggest that the

funetional form of the B-$ model is incdrect.

However., since only a limited sample wés used in the ‘longitudinal

" test, a:}ull sample and.simultaneous non-linear squares 'is then used
to obtain (8,%) }n such a manner that the efficiency of the estimates

is maximized.“Specifically, a two-stage non-linear estimafion tech-

AN

nique ‘is usea in which thg,paramétgr estimates r,s are obtained from

a mini;;zation problem. The first stagé of the procedure effectiée]y “'fff
obtains initial values (i.e., ro,oo) Since the choice of the ini;igq/,—cﬂ
values can determine whether the-algorithm converges rapidly to an -

optimum point, a grid search procedure is used which is confined to a
rgptangular region in the _(r,c) space. The secqnd stage of the pro-

cedure uses ‘the Newton-RaphSon technique to 6btaiﬁ the‘obtima] values

of r,o.

™

Based on a longitudinal test.of the B-S model, the average r values
are found to be {ow relative to the actual three-month T-Bi]i rate.
However, before concluding on the suifﬁﬁi]jty of the B-S model, the
procedure used to obtain (; 8) is examined to determ1ne if it is

stable. More specifically, tests are conducted to ascerta1n if the A-

A

¥
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~

"too Tow r values" (i.e. downward bias) and "too high o values"

(i.e. wupward bias) are the result of autocorrelation in the error

terms. Significant(go%re1ation'1s found in the error terms, but the

r estimates for the transformed model are closer to the relevant

_ T-Bi11 rate in some cases and more negétive in others. We attribute #his

‘

to possible non-stationarity in the stock price return variances as
well as the omission in the B-S model of transaction costs, margin

requirements, and other features of an imperfect market. Consequently,
'Y 9
Chapter 4 investigates the non-stationary variance assumption.

»

3.1 Review of the Procedures used to Estimate 02

/'“

(a) Historical Approach

The most popular method for estimating _gi was to use a time series

of realized price data on a daily basis. This is seen as follows:

Let S, = stock price at time t,
Rt = In (St/St—l)’ and : e
N . .
R o= (] RIN.
. t=l v

<%

Then an .estimate of 02, using historical data, oﬁ, is given by:.

it~z

. 2 _
“r OHC’- (

(R, - R)Z)/(N-1) L
t .

1

Tests of the B-S model using oﬁ are c0ntradictory. While Black

and Scholes [1972] found that deep-in-the-money (out-of-the-money) calls

-
N
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had. predicted prices greater (less) than agffEmearket prices, Macbeth
and Merville [1979] found the opposite. lhus other procedures td

-

\ 2 . ey
estimate o were initiated.

pue

(b) Implied Approaches

The common feature in almost all ¢f these procedures is to let

. the "market do it". Trippi, [1977] computed an implied volatility
4 .

~

measuré, oi} for each undér]ying stock by numerically solving:

o .
ag. f(st’cit’r’t ’E'i)’

stock price at time t,

where St, =
Cit = call price of option i at time t,° ‘ -
r =-corresponding T-Bill rate, 0
- t* = time to expiration of the‘gbtion, i
Ei = gxercise price of the 5ption i,
o = implied standard deviation of the stock price returns.

Then, for each underlying étock, he computed

N ~
o= 7 (01)/N1 where N 1is the number of options on the §$bck
i=] A '

on a particular day. “J

RS

. Latane’and Rendleman [1975] criticized this procedure on the grounds

that it was "unreasonable to expect option prices for a given company
to reflect the arithmetic average of implied standard deviatioé from

all options on its stock which are traded in a particular point in time".
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Therefore, they argued that a better measure for the standard deviatNon

h %
for a given stock was given by: = _ - \\\\\’
1/2 B
5 - (1 2dd ] 4
o = o; d7) . / d?)-, ¢
R Ly T
. e’ %
aC, | , |
where d. = -—=— . . Co v

. . , .
However, in Appendix 3.1, the weighting- formula is shown to be incorrect

because it is biased towards zero when. (i.é., fhe number of options

written on the underlying stock) becomes large. ;

While Chiras [1977] also observed this point, he did nngsupply a

proof. Instead, Chi:fs proposed the alternate formula:

&

N ~ N‘ ’ 'l
g = o. e e,) where
) (Loogert 1e)
,‘},f/ N 5
T '
e, = = ¢ - -He found that his weighting formula was superior
90 i
i

to those mentionéd above.

Recently, Brenner and Galai [i982] computed the implied standard |,
gev¢§tion using transactions data. They suggest that this approach
gives a more reliable measure of stock price'vo1ati1Q}y since it i’s
based on moge observations rather than only the closing transactioﬁ.
Although, their empirical work was only for I1BM options from June 3,
1977 to October 21, 1977, the evidenci presented indicates that

option prices for out-of-the-money options %gﬁbains errors that

bl L]

90 SR - 7

——— -



FI0 -

. €

(\

"amplify the errors in the implied standard deviation. Thus, estimates

which are based on a single observation are very unreliable”.

$ }

(¢) Simultaneous Estimation Techniques

-, .
Krausz [1979] and 0'Brien and Kennedy [1982] have estimated the

paramefers of the B-S model by solving the system:

a _ .
Ci = fi (ro) i=1,2
whefe C? = actual option pf?&es ' 4
f. = B1ack-$ého]es model price.

i
:Boih studies found evidence which suggests that the Black-Scholes. model
is invalid. However, the major problem with these studies is that the
equations to be estimated could have multiple solutions, so that just
trying to find a feasible solution is unsatisfactory.. Also, the
samples used wer‘rvery ]inﬁted\and the estimat{on“was done at one

particular point in time. The result is that on]yfVerQ limited

"snapshots" of the process were obtained. \

(4) Other Methods /

t

Recently, Parkinson [1980] a;d’éarman and Klass [1980] formulated
estimators of 02 bgsed-on the highl:ﬂqgg opening and c]osing prices,
and on the transactions volume, For example, let {S],Sz, e Sn} be
a sequence of stock prices at equal tiffe intervals. Let 'Ht = high,-

L

t Tow for the time interval under consideration, and let

1)

2, = In(H, /L) . Then Parkinson showed that his estimate,

t

-
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o = == ] &7, was more efficient than oy .
» i=1 1 H

Capozza and Cornell [1979] 'used an autoregressive specification of
the %ariance. They found it pqrformedgietter thag the implied m;asure

of volatility. However, we will discufs this estimator in more detail

- in Chapter 5, where we show that‘Capozza\End Cornell may have over- /

" differenced their time series of weekly variances, and thereby

_ obtained a first order moving averale process.

[y

N ‘ ’ ‘ ' \
3.2 1Initial Simultaneous Estimation of the Variance and the Interest
Rate. '

/

In this section, an alternate approach of estimating the unobservable
paraméter; of the B-S model is proposéd. The approach, based upon - a
suggestion by Cox and Ross [1976], is essentially a test of the functional

form of the -model.

a)  Assumptions . N
( p NN
For the following estimation procedure, it is assumed that: - \\\i

(1), A11 the a®umptions (given in Chapter 2) required for the

o f“derivation of the B-S formula are valid.

(ii) The B-S formu]é is valid 1in the sense that the predicted

model price is thz true equilibrium price.
(iii)' pr stock and'opfion marké}s are efficient;

N
- L ' !
.
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(iv)  For the simultaneous system, g](r,o) =0 and gz(r,g) = 0,
g;» 1 =1,2, .are continuously differentiable in a finite

r
~

bounded neighborhood of & feasible solution (r,0) and the

£ ‘
. ‘ ag] agi . .
Jacobian = ‘det [ 7 %0 Yso.
‘ 39, 39, | o
5 ar 30

P‘ .

(b) - Estimation Procedure .

Consider two option series on the same stock with the same .

e&piration date but with different exercise prices. »
LS
let - § = present stock price
C? = actual ca]]’prices, i=1,2
Ei = ‘exercise prices at t*, i = 1,2 —
e | " cBS - option prices derived from the E;S model —

i

Recall C@S = SN(d,) -

rt* d .o
; ; (7e‘ E;N(d;- ovt¥) N (3.1)

- ¢ 2 -
where d; = [1n(S/Ei) + (r+%—)§*]/(o/fi)

1

Equation (3.1) can be wrétten more compactly as:
\

Ci” = fi(S,Esut*o,r) 40 =1,2

whége S %,t* are known and .o,r are unknown. But, if the B-S model

BS

is cor ct,'thén Ci = C? I 1,2.‘

Hence © fi(0,r,5,E,t*) - C = 0 (3.2)

~
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However, since S',Ei ,1:"',c§i are all known then (3.2) can be w}'itten as:

\

‘*

g (0,18 ,Et%,63) = 0, or simply,
, b ~—

gile) =0, i=12 T . - (33
. , , ; . 7

"

'\-Henc,e, if the simu]téne_bus non‘-,’linear equati‘ons are solved by the-

Newton- Raphson Technique, a (not necessarily unique) ‘solution (r,o)

/

N

-

I'

’ to .(3.3) can be obtained. From 6(3“.3)_, . ’ .
: 99 2g; . . ) L
T dr + 30—-(1(3;= 0 B ) ‘ *. (3.4)
dr agi/ao ’ .
’ $ .
) ° = } s ) -t ’\ '.
As shown in f\'ppendix 3:2 to this chapter,‘ ’ : o
3g; - .
5 _ irt* . s -
ar = tEe U N(dj-o/EF) > 0,
. ; ‘ . - \‘
a/gi _rt* /L) ‘ - S ‘.
v “t Ee Z(,di-o/ﬁ') >0., ! e
-, K o -, e
and, except for a minor condition, these contours are concave. (See
CFigure 3.1) e
. K , v
\ ) ' . _
i .q
. K
. “ .
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o

Accordingly, a' (r,o) solution to the system of equations, (3.3), will

be such that the contours intersect. (See Figure 3.2) .

>

el

r

~ ~
N . '

Figure 3.2° (r,0) 1is a solution to 3.3.

A2

However, the concavity of the contours, gi(r,q)‘= 0 does not rule out

a multiplicity of .solutions. ¢

4 ) . A

* R
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(c) Newton-Réphson Techm’ciue . ,

The geometric significance of the Newton - Raph;soh method for solv- |
1%one equation in one “unknawn wﬂT ‘first be illustrated. The basic )
_problem is to numemcaﬂy solve an equation of the “type f( ) = 0,
where f has a continuoug, lfirst derivative. The essential analysis -
" (depicted in Figure 3.3) can be described as follows: *Let x, be
a first approximation of x*, .where f(x*) =-0. Then f(x) is

approximated by "its téngent line at P = (xo, f(xo)).' . P
Hence, f(x) is replaced by
f(x) = if(xo).‘= frix )(x-x.)

" A.better approximation of x* is now given by X;s  that is, the

. N ' ] -
solution to f(x) = 0 where f(xi) = 0. Since f()go) .+f (xol(x]—xo)-o,

av

then it follows that

Repeating the same procedure for Q yields

< f(xk)j
1 T X T T
f’(xk)

Pl

This is the familiar Newton-Raphson iterative procedure to solve

f(x) =0 . Q—

-

e



- 30 -

y
B}
.
A
2/
-
(
s .
*

MY

~\\........r“m 3



v -
B »
el ) .
. i

231 -

Furthermore, if: . -

*

'(i)' f" exists and is cqnfinuous on [xo,x*],
(ii) . f'(x) $+0 and f"(x) $.0 for all xc [xo,x*],

and , A
s y et dim
(111) fx,) f‘(tgz >0, then ',  x 3 x*.
\ . : "

The Newton-Raphson method can also be easily obtained by the use of -a

1

'Taylor'Series as follows. . N
£ . ' \ Co
Let f(x+h) = #$(x) + h f'(x) + ...... N

Ignoging a1l terms in. h" v T_}Z, then h = —ffl‘-)l is the appropriate
~ : N ~ f'(x ‘

correction term to apply to "X to give f(x+h) = f(x)- ffél Q0 .
. fl X)

A

2

This procedure can be used to derive the Newton-Raphson procedure for
simultaneous non-linear equétions aS'fo110wsr First consider the

simultaneous equations:

¥

0 and

1}

9y (rso)

gz(r,o) =0, * ‘ “

N o

where 95 i=1,2, afe assumed to be continuous and differentiable.

Then, the two dimensional Tay]ér Series is:
3g; 39, 4

9;(rs0) = glrg,00) + m= (rer) + =— (o-0,) + ... i * 1,2 .

>

w1

-
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b

éonverting to a discrete jteration form, and letting rj+1 = f3+h.

(o)

41 =foj+k yields:
’ 0g. 39,
i i - .
o Mt K : gi(rj’oj)
’
. ‘Bgf 39,
- —1
Assume that J = det or 30 . 30 | .
* 9 9% S
ar 9o ' \
Then, using Cramer“§ rule: N v,
, . b . .
gylrpag) o
- g, (r.,o, —
h = det | 1737 90 (J) .
-gz(rj’oj) _a_g_é :
90 \ -\
k = det (J)

»
b2

‘fhe iterative procedure is then repeated ahd (r,o). is obtained.-

-

o

(d) The Data
This study,use; data on the stock and options of the following

nine firms which aré listed on the Toronto Stock Exchang:ﬂ(TSE): Bank

of Montreal, Bell Canada, Canadian Pacific, Dome Petroleum, Gulf Canada,

Inco, Noranda, Royal Bank and Stg]co. For each stock, the prices of

~)
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all call options on the Trans Canada options Mérket (TCO) which
terminated on the same date during 1981 weie recorded. There are
usually 4 different exercise cycles pe} stqgk each year, and’a sample
of two option series was obtained far each Eycle. However, only
frequently traded options are considered. A detéi]ed'account of the num-
ber of traded options with a common exercise date, for each stock, is
given in Tab]é 3.1. There is a statistical problem if the stock aqd:-\
call prices are not synchronous. For example, use of daily closing
pricgf would inevitab]x\lead to a problem of misalignment since

ub]igg;d daily prices are usually end of day pricesl This'may be- seen
as follows; Assume an option contract is boyght fori $Ct when the
Dyirt >
t+At
other option trade:/yefg'made,dthen using daily closing pricés could

give misleading results. -

stock is $St. If the stock price closed at $(S+AS and no

Consequently, the fé]ioﬁing samb]ing procedure is used. On day
t, and for each stock i, the traded option price *is recorded 55 well
as the time (t?) of the trade. Such information is available in the
daily Transactions Report at* the Montreal Stock Exchange. The stock
. price.and time (t;) of the trade closest to the -time of the optﬁon
trade are recorded. So for day t, we select the pair of prices which
| correspond to (t;,t?) such that ‘ - ‘.
151 qontinee

i)
-]

This procedure minimizes the'non-simu1taneityw§+iﬁ1em of stock and

option prices.

¥
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) y
/ TABLE 3.1
o Number of‘different call options for firm with a
common exercise date during 1981
FIRM Exercise Date
15 Feb. 16 May 15 Aug. 21 Nov.
BM 3 4 5 a 5
BEFL 4 ; 3 3 w3
CP 5 6. .5 5
GULF 14 1 12 . 9
o 4 8 8 8
NOR 7 10 "8 "6
STELCO 3 5 5 6
‘ -
18 Jan.. 18’ Apr. %Jul. 17 Oct.
DOME 10 - 8 8
4 ' 4 5

"ROYAL 4

SOURCE: Montreal Stock Exchange Daily Report.
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Secondly, thé stock prices are adjusted for stock splits. A]sd,
| since the ?-S model is based‘on an assumption of no dividends, the
present value of all dividends paid before the maturity date is subtracted
from the stock price. But if the dividend payment is stochastic?tzpa
B;S model price is biased*. Finally, we ignore the possibility of pre-

mature exercise**,

(e) Initial Results o (ﬁ

(i) Longitudinal Test

The numerical technique describgd i (c) was applied to the data
described in (d) by the use of a program in FORTRAN 5. To illustrate
the overall nature of the results, thé detailed results obtained for
Gulf Canada will first be presented. For Guif—Canada, ten different
option price series with a common exercise date on 15 August 31980
were selected and est!pated at two different, ramdomly selected,
points in time, i.e., 6 May 1980 and 30 May {980. The character-
istics of these options are summarized in Téble/3.2 below. The saniple
resulted in 45 different pairs of equationg at edch of the two points
in time, where each and every pair of equations would completely

2

define the value of (r,o0). However, since ¢ 1is the variance of

the. underlying stock price returns then 05 = 74 .atla particular
' «*

point in time. Furthermore, since investogssmust inpute the same
M ~ )

ol 3Bk

risk-free rate of intérest, then, it’
particular poini n time.\ Hence, the following nu]l hgpothes%s is

_postulated.

-
* This point is noted by Brenner and Galai [1982].

** Beckers [198i] has shown that early exercise is rarely qptima].

J
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are not significantly different at each point in time -

&,

The results are recorded in Tables 3.2 and 3.4 for the 6 May 1980
and the 30 May 1980, respectively. Instances in which no intersection

point exists are indicated. by an "*"  in Tables 3.3.and 3.4°. The

reason for this is that" the Newton-Raphson method requires that the
Jacobian be non-singular at each iteration. A test for non-singularity
was inserted in the computer program so tﬁéf the computation yould. N
stop when—thé Jacobian was zero. Thus, convergence was never achieved )
{

because of an improber choice of the initial (o,r) values. PN

A

DISCUSSION ‘ _ -

As is evident from Tables 3.3 and 3.4, the inputed values of

rs and o3 are widely dispersed. More specifically, the values for May
1980 range from -388.9% to 54.03% and average 7.3%. .However, the 3-month

Treasury Bill rate for 6 May 1980, on an annualized basis, was 13.92%

Worse still, the average inputed rj value on 30 May 1980 of approximately

60% was much greater than the T-Bill rate of 11.58%.

The Gj values for both dates are relatively large, especially

whén compared to the historically estimated standard deviation for the
(-3

relevant time period. For example, on 6 May’ 1980, the 93 range froqm .
¢ =~
.2605 to 1.222, whereas the standard deviation of stock price returns

M . . ?

J
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"

y-ti; ]
from 6 May to the term1na1 date of 15 Aug 1980 was .5154 . Simi]arly,‘
the cJ on 30 May 1980 range from.x2268 to .9991 whereas the historical

~

o to the terminal date is .4467. The obviqys~conclusion for the
‘ [ - ‘
'10ngitudinh1 tests is that the null hypothesis is rejected. Further

testing of this hypothesis, however, will(be"presented in section 3.3 (f).

(ii) Cross-Section Tests “ S .

In this section, different stocks with a given pair of option _,

—

price Series all terminating on the same date were examined for 4

____///f‘—\‘\l consecutive days. Such a cross-sectional stddy has also been under-
‘ N\

\\Eaken by O'Brien_and Kennedy [1982] for one particular date. " Four
\ -~
conse;ut1ve days were used here because 1nterest rates are not
expecte% to vary across d1fferent securities. So, if inputed

1nterbsi rates are found to s1gn1f1cant1y vary across

d}ff%rent stoc;s, and such differences persist over a few days, then
\\jfg;bitrage opportunities would exist. However, market <forces should
quickly eliminate any'dafential\excesg profits and thus the. inputed

risk-free rate should not be significant]x different. The estimated

. A A

. i . ,
' ao,r values for ramdomly selected pairs of options beginning 6 Jan.

1981 and ending 9 Yan. 1981 are shown in Table 3.5. The underlying
securities are Canadian Pacific, Noranda .and the Bank of Montreal

and_all options terminate on 15 May 1981.

e 2
B



- TABLE 3.2

- . N . '(
Characteristics of Gulf Canada Options
: . %

Date:, .6 May 1980 ' S = 31.00
.

i 1 2 3 4 5~ 6 7 & 9 10

\r

Ci 13.25 10.75 9.50 7.50 6.63 5.25 4.25 3.00 2.75 2.00

E. 18 22 24 26 28 30 32 34 35 38

1
\ -

Date: 30&15/ 1980 o ' o S = 31.50

L

4

Ci . 15.75 12.75 10.50 9.25 7.25 5.38 3.75 2.50, 1.75 1.00
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DISCUSSION

As expected, thetajvary across the- companies. However, the imputed

riskiéree intgrest rates. rj, are also dramatically different. For

A i

example,

-0.3609 for Noranda options. Furthermore, the average implied risk-

ry;on 6 Jan. 1981 was .2239 for C.P. options and
free rate, r, ranges from -.0567 to .1796 over the time period?///
Howeveri the r - on the fourth day compares relatively well with the

-

3-month Treasury Bill rate on 7 Jan. 1981 of .1675.

o

(i14) Summary . X

! - ‘ A <
Based on the results of the longitudinal and cross-sectional

tests presented above, the B-S model was not empirically supported.

The inpersection points: for different pairs of options on a single ,
stock, obtained using the Newtop-Raphson technique,’ differed wide]y:
This was unexpected since d{fferent exercise prices should not produce
significantly di%férent variances because o depends on S and not
on E. Also, substantially different imputed riskdfree'rates pe(sjsted
across different stocks even for several consecutive days. Hence, if
the B-S model is correct, as was assumed, then arbritrage
opportunities would exist for a relatively long period of time

- (i.e., :;e market aépears to be inefficient). However, if it is aséumed
that the market is efficient, then this would lead to the cbnc}bsion

that the functipnal form of the model is incorrect. As shown in the

next section, this might be too hasty of a conclusion.

v
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P
.2 Simultaneous Estimation of the. Variance and Risk-Free Rate
Allowing for Measurement Error N

(a) 5rocedure

In this section of the thesis, the following two simultaneous

equations in two parameters were estimated:
3

91(r,o) = 0 and gz(r,o) =

However, suppose for reasons such as measurement errors and imperfect
\ L3

o o
alignment of data, that there is ndise in the observations, so that the \.
true model is: :
' [ 4
gy (ro) + ey = 0 L W ’
Gp (rio) + ey = O
here, for 1 = 1,2, E(es,) = 0, o%(es,) = o
where, or sl y .it ) it! ’ u Q
E(Eitleis) = 'E(Cit) E(es,) ‘fOY/‘. t+s. SN S
and Eleyy €20 y Eleqq) Elepy) , ‘ -

K

If this is the cazi then the eff1c1ency of the o,r estimates is

max1m1zed€‘f the estimates are obtained by simultaneous-non-linear . o
« Tleast squares using a full sample rather than two points in time . -

(as was done in the 1ongj£uq1231 test above). .

The estimation procedure to be used is now described. Nq}e that [\\
' . . -
gi(o,r) z fi(o’r)'ci" Hence, the model to be estimated is: .

- . ) 3 .
Crp = Frelro) + ey @ \
-, , '

| Coy = foplrio) + g5

I ST



- 45 -

*
3

~A A~

The objective is to find estimates r,o which minipize the residual
sum of squares (SS) given by SS = eq'e] + 62'62 . That is, the

estimates are those that solve:

T . - '
. 2 »
MinSS= {] (C;, - f., (r,o))
r,o t=1 it 1t -
T 2 —
- z (Czt - f2t (rio)) } )
t=1 ’
[+ r ss. -ss_ |71 [ss
Then: { . ). o]._ rr ro r '(5)
o o | o
: ) Ssor SSOO SS0

(See Figure 3.4)

¢

Initial test runs, using the Newton;Raphson technique on (5) énd\
arbitrarily chosen values of (royoo), gave’re5u1ts which were
divergent. OQutside some range of the local minimum, the deEjvatives

were not consistent for a minimization problem. More specifically,

SS,.. can be expressed as follows: .
S5 =2 J(e, £ -f, 2)
rr I "Trr 1r
. ~ 2
-2 2(52 f2rr—f2r )
A 2
Hence, SS_ . > 0 (a condition ‘for minimization) if es Fopp < Tiy
= ondi = .E. -
i=T,2. B{sed on Lemma 2‘of Appendi x 3'2:>frr S [fo ofr] .
~ > ~ tf
_ )a_-,\ . 2 g
Therefore, ¢ f,~f; b 0, if £.°> e[—2 - tf ]
I - ' N
®c - - ~ .
2 ~ et f ? ~ 4e tf =
£+ et fo—2 >0, and (u/;)2 +—2 <0,
. };5’ ;
‘. '
’

3
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'SS

- 4§ -

¢ >
e )
® i
residual
I . sum of squares
¢ L2 ‘ | =
m1n(SSO) rEr,
- A
‘ .
)
Z .
9 ‘ ’
o [ | ° i

3

Figure 3.4. &, which yields min (SSO) for a given r = Yo
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Noting that ax2 +bx+c>0, if a> 0 and b2 - dac < 0, sthen

et + 4e f <O ' \' (6)"
s |

Clearly, since fo > 0, condition (4) is satisfied if €< 0 ; in

which case, Ci - fi (ryo) <0, "i=1,2 . That is, the B-S model

~

overvalues the call option. If €30, condition (6) is not

v

satisfied and saddle points can exist. Therefore, in order to
/ : . .
alleviate the problems associated with being trapped in a sadd'1e point,

the following procedure is adopted. -

\

L
SS >0, SS >0 and the -
rr 040 X 1
N 1- — N q .
. Yo, _

Jacobian = det Ssrr SSOr

ro co

¥ ss N
’ L 4. .

g

2
= 85, S8, - (85,05 >0.

s ~ | -k

Since the choice of b for this iteration is purely arbitrary, a value

4

-
<

of b equal to .6 was initially chosen. = .

" If for the range, =~.30<r < .30, no appropriate oy is found o
within [0,b] (that is, the dgri'vatives ana/or the Jacobian is of the wrong ’

, i .
sign), then - the upper bound for o is increased to c, and th$ procedure

is repeated/fmxb <o < c. Even if an appropriqte %, is found in

0 <o <b, theregion b < o <c ‘was considered, since a lower SS

4

'might be found within the bounds of the latter region. Thus, during

) . + » : y * :
stage L,-an 1n1't1a1 value (ro,oo) is obtained for the Newton-Raphson

technique. (See Figure 3.5)



sS

Figure 3.5 Graphical demonstration that .01 1is preferred to

0y » since min (SS4) < new (SS_}.

¥




Stage 2:
Using the (ro,qo) .solution from stage 1 .as initial valugs;/\
L3 » \-)
equation (5) above is solved to obtain: }
r r A .
~ = 0 + where .
o 00 B ) '
- A SS__ S§ [ ss
A _ r ro rr
- - “ 7
B Ss._ SS S5 )

ro ag ofo)
| | \

and A,B: represent the direction vectors of the iteration.process.

6

The convergence criteria are set at A =10"" and 5] and 62 are

‘defined as:

r-r, . 0-0
§, = — and 62 =
0 0

CIf |8, <A for i=1,2, then the algorithm stops. Tiis is

6 and IB] < 10°%  for the process to

i

stop and convergence to be achieved. If Iﬁil >Xx, (7) 1is resolved

equivalent to having |A| < 10°
-

when are used as the initial values.

N

The estimation procedure will now be illustrated. Consider the
case of two call options on Gulf Canada Stock, which expire 15 Adg.
1980, and have exercise prices E, = 22.00 and 'Eé = 27.50, respect-
ively.. The daily data on the stock price, S , option priceg C] .

and C2 s the relevant weekly Treasury Bill Rate from 5 May; 1980 to

15 Aug. 1980, are then collected. Only data for.which there are —
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[

simultanebus trading fo} both options are considered. The results of
rthe step-wise iteration, for r° fixed to the range from -.30 through
.30 and o for the range of 0 through .90 , are summarized in
Table 3.6. Since the Jacobian is negative, the results from the first |
iteration aré rejected. The process is then directed to a fe]ative
maximum. The other three sets of results are éccéptable since

¢

Ssrr >0, SSOO > 0 and the Jacobian,' J >0 . However, the last

set for which rg -.30 and G = .81 Ts preferred since the residual

sum of squares, SS, 1is the least. Howevé}, since A = -.01 and

B = .05 for this case;
r "~.30 - A -.02
~ = ( + =
o .81 - B .76 A

ﬂwas chosen as the initial values for stage 2 of tﬁe procedure.
Further, egamination of Table 3.7 reveals that the final estfmate of
: r and o are -.0168 and .7424, respectively, for the cgsé

é1 = $22.00 and E2 = $27.50. According to the procedure

in Stage ¥, the initial values chosen were quite close

to the final solution. This allows for the rapid convergence of

the' jterative procedure and it prevents it from being trapped by

the numerous saddle poihts' (when J = 0) .or being directed

towards local maxima (when J < 0).
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TABLE 3.6

Results of the step-wise iteration for *-.30 < r .< .30

. and “0 < o <-.90
S, S5, 3 A B S8 r G
781.7 7696.1  -405622 ~-.18 - .26  221.6 =27 <44
852.5  2226.9 - 35795 65 +© -.38"  30.97  -.27 .90
855.9  2244.3 92701 59 . -.32  29.5 . °-.26 .90
873.0  1928.4- 73402  -.01 05 28.26 ° -.03 .81
b
r~ q"
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(b) The Data . . o . ,

Foz each security in the daté base described earlier [See 3.3 (d)j;
all of their freqq?nt1y traded cglls wjth an expiration date of 15 Aug.
1980 were chosen. Thg sampling proce%;re to minjmize non-alignment has
been described in Secg%on 3.3 (d). A listing of the number of pairs
of options selected for each security is given in Table 3.1. Therefore

*
* 147 pairs of equations had to be estimated.

(c)- Empirical Findings

The results.of the longitudinal test on Gulf for 7 different option
, price series from 5 May to 15 Aug. 1980, are summarized in Table 3.5.
The options have exefcise prices varying from $22.00 to $34.00 with

intcrvals of $2.00. The fo]]oying notation is used in Table 3.7.-

m
1}

22 + 2(i-1), i=1, ... 73

t* 15 Aug. 1980 ;

A

. . . n{n-
* For an n option series on a particular stock, there are 1

equations. For example, for the longitudinal tests, seven

option series on Gulf Canada with different exercise prices but
.all terminating on 15 Aug. 1980 were considered. This resulted !
in 21 [7(6)/(2?] different sets of simultaneous equations.

/



.or low values of r have been ignored.
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°

(E1.Ej), i ¥ j represents the pair of equations for which the 43{1

1

exercise prices are Ei’Ej’ respectively,**

)

sum of squared residuals;

S§§ =
.3 3 ! ‘
. 2 (
. = 2 (SS
S = - - 3
¥r . B .
1 A .
SS = a ‘QS! . ~
go ? .
. 30 . ] .
. . 2 o a i
- 9 = ° Jacobian = Srr§00 - (Scr) ; and °
AB = 'direction vectors of. r,o , reSpectively.

S

Two important observations can be drawn from Table 3.7. Firstly, '

.

the estimated values of the risk-free rate, r , range from

-.1811 to. .1756.° Furthermore, there are several instances of

N

negative or ‘quite low values-of r . -If, for the ‘moment, all

values of r < .0500 are discarded, then the average of the

> ™

remaining r -va1ues is r = .1263. Since the three-month Bank

of Canada T-Bill rate on 7 May 1980 was r = .1392, the avgYage

~.

~ A ~o
computed r value is low relative to the (;zill rate, even when negative N

re is a possible explan-

’

ation for this result. More»specifica11f5 Merton [1976] has stated

£

LY

** For example, (E],Ez) refers to the pair of equations’ for which the

exercise prices are E] = 22 and Eé‘= 24, respectively.

vt -

1

v

.,

b

/

w
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. ) : ~

D

BS < 8

~——that finance practitioners have observed ‘that C C” for both

' ‘deep-in-thetmoqey and deep~out-of-the-money options. In other words,

. . ~ b *
the Black-Scholes .price tends to understate the actual market priceﬁ )

% O .

" of these type of options. The fmp]ications‘of this mispricing are
depicted in Figure 3.6. If the B-S pr{fé\coﬁresponded exactly with
the\ﬁétual market pricé, then the (r,o) spgwn\jnnTab1e 3.7 woﬁid be

hA . , :
the correct value of the interest raté™*and the standard_deviation,

respectively. _However if pBS < ¢® in general, then our procedure

_simuitaneously estimates:

h

-

28S _ o B .

< t t

N

"BS _ .a _ na .

‘AC = C] and CZ = C2 instead of
“BS _ .2 - B oa Y
C] - C'l and ‘CZ = C2 . .

A A

_ This would lead to (r,o) where .r < r and o >o . Consequently,
results which understate the interest rate and over-estimate the

standard‘dgviatioh would be obtained as ip Table 3.7.

* .
“ . Secondly, @he results in Table 3.7 show that the pairs 6?’equations,’

(i,7), i =1,2,3,4,5 yie]ﬁgintersection points whng are in the .
| s

P R 1 “ L/ ‘

il I3 ' R ¢
- » - : . —. '
- v
R - \
.. £
N
L 2

—_— - , . :
* Note that the direction of the bias in the B-S price is still a matter
of debate. Black-=Scholes [1972] found that for deep-in-the-money

. ° options, CBS > ca, and for deep-out-of-the-money options, CBS < Ca ;

whereas MacBeth and Merville [1979] found the-exact. opposite.
T \;- . .
o

- " é\',’ w A . ) \ ‘
- . - . t : .
- . }‘ ’ - .‘ ‘~
\ AT N .
A

- [}
. .
I t
. i Y M
g ‘ - .
. " N s
- . T !
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” . L
ne1ghborhood of |the T-Bi11 rate of r = .1392. The equations for

wh1cﬁ i=1,2, ... 5, are for deep-in- the—money opt1ons and equat1on

7 is for & deep-out-of-the-money option. The average r value for

.. these five equations is ¥ = .1420 which compares very well ‘with

the T-Bi]] rate of .1392. Consequently, it is apparent, that @he.

so]ut1on pa1r (r o) toa systenwof equations involving one deep—%n-

thg‘Toney option and another deep-out-of-the-money, compares quite

well to the pa1r~ (r B’Oa) where rs is the relevant T-Bill rate and

.~ .

”a‘ is the actual standard deviation. Indeed, there is.a more general
: ) o

tendency in the results. . 1

?

Consider two pairsfg? equations (i,j) and (i,k) where (i,j)

A represents the equations for which Ci had exercise price, Ed and
. ic. h . . o :

‘ CJ as exercise p;yﬁe EJ fssumf that (l,J)WA1nter§ect at
4 (?],o]).‘ If, E > Ej, then r, > r, and 0y <Gy ¥ For example in

Table 3.7, (1,4) represents the equaﬁionsxfor which C]’ has exercise

price E, = $22 and C4 has exercise price E4 =$28, and (1,5)

) represenfg the equations for which’ C] has ‘exercise price ﬁE] = $22

and Cg has exercise price Ec.= 30. As predicted (178) has

¢ = .0811 and - = .6948 and (1,5) has r = .1286' and o = .6195.

"

. There is a mathematica]‘reason for this. Conslder a,f§pica1 contour,

cBs . c” that is,; f(r d;)\\;*_ As,&houn/ea?T’ér ‘the slope of this

®
contour is: {
AN 1/
~o.__7
do _ |
dr gr/go )
- v o, TV N(d*) ' Co - .
| .t = __E__Lé;l , where d* =d - o/t and
o Z(d*) . . .
[} ‘. 4
4 e Ly
/ ‘ Py
. s * *
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o = .6948, then €, (which is flatter because E; = $28 and

. N
- 56 - ) :
S s 2.
« d =. [In(S/E) + (r + 51)t1/(0vt) P
But ~ . Tim  N(d%) T lim  N(d%) =
. d* > = © an %> o Iy
Ce Z(d*) W) -

, -
by L'Hopital's riile. Hence, as d* increases positively, the

éontour becomes stéeper; whereas as q* increases negatively,
the contour flattens out. Furthermore; if E increases with
S,r,0 and t fixed, d = [In(S/E) + (r +.%2)t]/ o/t detreases
and so the coﬁtour becomes less steep than before. Consequently,

if Cy s fixed and C, intersects C, at r = .0811 and

~

H
~

E5 = $30) will intersect C] at a higher ; and lower o

(See Table 3.7). -

-

3

“on
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TABLE 3.7

. ~
Results of the Non-Linear Simul taneous Estimations for Gulf Can.

, ' A A
Spr Seo o Jd . A B SS r* o}
= — A
879.1 . 119.7 14985 1x10 -4x1o 15.62 -.0493 .8435
-8
820.9 1503.8 116839 -1x10 3 5. 5x1o 17.40 -.0355 .8319
1577.9  3682.2 1043710 -1x10 9. 7x10 14.08 .0811 .6948
1611.9 5174.2 2316964 -4x1o 3 5. 2x10 14.52  .1286 .6195
1532.7 6794.6 3985377 -4x10 4.9x1o . 16.04 .1595  .5695
1380.0 7259.2 , 4584607 —5x10 5.5x10 18.44  .1499 .5653
. -8 -7
786.3 1678.6 112114 . -4x10 1.5x10 . 21.08 -.0721 .7567
-8 —
815.2 2186.7 175204+ -8x10 3x10 . 23.56 -.0942 .7623
-8 -—
886.9 3112.3 463979 1x10 -5.1x10 . 15.99  .0279. ' .6845
894.6:° 4230.3 1017648 2x10 A -3.5x10 . "™'6.74  .0905 .5986
-8 -
843.6 4912.5 1537472 3x10 _ -5x10 19.32  .1325; .5634
. . . -8 -7 '
1142.2  3929.8 161275 -3x1.0 2.-7x10 12.15 -.1064 ", 8145
-8y -7
< 1182.6  5240.2 429525 -1x10 Z -2.0x19 i “6.68  .0380 . 6445
1197.6 6561.7 1043480 -1x10 . -4.2x10 . 8.56 .1214 .6086
1140.9 7299.0 1671466 -1x10 4.4x10 9.40 = .1610 .5735
. -8
1144.9  6056.0 174253 2x10 ] 1. 8x10 6. 46\ .0835 .7535
1226.1 8241.1 662091 4x10 6. 2x10 7.46 " .0983 .6235
1213.0 ° 9749.7 1469830 0 3. 9x10 8. 38 .1756 .5651
’ -8 . .
922.7 7501.6 128471  1x10 3.5x10 . 5.16 -.1020 L7141
988.3 10007.2 500734 0 4.5x10 ° 6.75 .0912 .6039
. -7 ~8
660.4 7834.4 70714 1.1x10 -2x10 5.48 -.1811 .7079

*The Bank of Canada three month T-Bill rate on 7 May, ]980
was r = .1392. The overall average interest rate,

A A
r _ was .0711. -
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3.4 Simultaneous Estimation of the Variance and Risk-Free Rate - ‘
Full Model o ‘ )

S
(a) Procedure .

A A

It is not'sufficientlto consider the computed vector (r,o) as
éﬁqgg reliable estimates of (r,o) by only estimating différent
pairs of equations. Indeed such a procedure does not necessarily
yje]d a solution satisfying the full set of equations. It is eviqént

that n egquations in r unknown variables (n > r) may not have a

-~

solution, although smaller subsets of m equations (m < n) may have
a solution. Accordingly, if there are n options on arsecurity which

all terminate simultaneously, then such a case will present' n equations

] -

in two unknowns r and _o . That is, the fo]]owindlsystem is obtained.

T

. a _
¥ = f(r,o) +te. o 5=1,....n.
5 CJ J(r o) €; j=1 - n

The objective is to obtain estimated values .r égd‘ ¢ such that
n ! ’ 3 ' Q '

: €! €. is minimized. Observe that in this procedure, maximum

\_. 3= J ) '

1ikelihood estimates of r and o are obtained if the variance of

the error terms ej sy J = 1,...n are équal;i.e., cz(ej) = k Vﬁ = 1,...n.

" This is easy to see since maximizing the logarithm of the 1ikelihood

function, ‘ . i . -~
| ] ", o b €5 €
Tog L =e—ceeer - ] 5logos-5 | (—5——),
o constant j=1 2 ? 2 3=1 Oz(cj)

U
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N ' S
—— \ '
! n EJ- EJ- N
i's equivalent to minimizing the 16ss function, F = } —??—_3 .
J=1 o™ (e,

J
But, if oz(ej) = k Tor’gﬂl j =1, ...n, then minimizing F is

n
equivalent to minimizing ] ej ej .  Henc®; for the case in which L
J=1 y
oz(ej) = k for j =1, ..} n’, maximum Tikelihgod estimates of

}

~ ~

r , o are obtained. The estimation procedure is the same,as was ___

done in the previous section in that the Newton-Raphson technique
! } 4

, A n
was applied to find :}ro which minimized ,2] Ej €5
: o . J= ® .
) 7 ¢
(b) Data and Results

*»
The data set and results are shown in Table 3.8, A1l options

ending on Ju]j 1983 were considered for eight secur%ties listed on

thg TCO. The 'ticker symbols for these securities are shown in Table
3.8.. The number of options, range from 3 on RGO, HYO agg DEN
through 8 for ASM. The estimation period considered is the month
"of June 1983, The‘Newtown Raphson'method wag applied to the %u]]
system of equation§’for each security. The fespect%ve exercise prices
for each set of options. as . well as the values of ; and S obtained,
are shown in Table 3.8. For compar%son the 3-month Treasury Bill rate

on June 1, 1983 was .0928. .

-

It is interes®ing to,notﬂe that r for N1l'L was .0986, ‘which

‘compares favorably with rg = :0928. The other estimated values. are,

L4

in general, quite Tow with respect to rg> with a model "Value of about
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six per cent.

On the surface, the results obtained above are quite poor

“relative to r But the validity of the B-S model canpot be judged

A A

solely on the reliability of the estimates, r,o . Thus, pronounce-
» .

ments concerning the adequacy of the model must be made after analysing

B

and interpreting the behaviour.of the residuals. The model is, therefoﬁé,
. - . . .
reformulated . so that the error terms are assumed Tqrbe first order serially

correlated. -

(c) Model with serially correlated errors

Assuming that the error terms are autocorrelated, the original

model can be reformu]ated as follows:

~

a .
G, = fyp (reo) + gy and

(e}
[+T)
n

2,t th (Y‘,G) TF Ez’t [’«

- {

!

. = p; €, + U, i = 5
_Now assume_ that €.t Pi Ei,t-1 YUt o ] 1,2

»

. that is, the errors are first order serially correlated.
J . J

Also, for i = 1,2 , ‘assume that : o -

. [S
” i PR

'E_(ui,t) = 03

: 1 = . ’ ’ . AT * / " ‘
Euyp iy ) =By () EQu o) st 50 {
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E (u]’t u2,t) = E(ul,t) E(uz,F) ;

2

z(ui,t) =0 Va

o 7 e

Then\ Fi,t'pici,t-1 = fi,t (r,0) - pifht_](r,o)fgj,t for i=1,2.
The transformedmodel now consists ofa pair of simultaneous non-linear
equations, corrected for autocorrelation. The procedure to estimate

N

the vector (r,o) for the transformed model is as follows.

For each i = 1,2, estimate Py under the assumption

F 4
Bit T P Gy, Pl Soand *
'7
EeY [ } A ~ J g ~ 2,:
get p, = €, €: 4 / €,

' i T Tt Tt 1 e Lt

’= a _ A A " . . A A . ‘

where it Ci,t fi,t(r’o?‘ Thus obtain r,oc , as in the

L4

;pfevious section by solving the minjmizatﬁon problem. If the

/

" residual sum of squares for the transformed model is TSS = u! u +u.

171 72
then the objective is to minimize TSS over r,o . Formaily, the -

problem, 4s¢:

e

T 2 N ) 2
N - a ~ a \ :
mn 185 = 0L L UG pmeiCy e )y ponify e )
(r,o) . - _
. - * t
‘ where fi,t S fi,t (r,o) .

L4

U2 s
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(d) Empirical Results
1

The resu]ts'from this estimation are recorded in Tables 3.9(a),
3.9(b), 3.9(c), 3.9(d) . The data‘set is the same as that
recorded in Table 3.5. First, examine the case of Northern Telecom
(NTL). The exercise prices considered are Ei = 30, 31.63, 33.38
36.63, 40, and 45. Recall that the estimated values for r,a for the
full set of equations are .0986 and .4026, respectively. Now, each L
pair of the possible 15 equations is considered separately. But, {-L-—-’
first, for each option, the values of pj» 1 =1, ....5 are
computed. These are shown in Table 3.9(§p and options for which
E = 30,40 and 45 are seen to be serially correlated. For the
estimation procedure, these values of ;1 are used as starting
values fo; P Also statistics for RZ., the mean of the residua1s;
“(;i) and the variance of the residua1s,‘ 02(;1) are given for each
equation. The results obtained for each pair of equations for NTL
aré extremely good relative to rg = .0928 . In fact, each-pair®of

equations yield a value of r and o which are quite close to the

*
values obtained for the full system. In fact, the averagé of the

‘ rs values, i =1, .... 15:;ﬁ?‘ r = .0986 and the 3-month

Treasury Bill rate is rg = .0928. It is interésting to note that

equations 1 and 2 for which E] = 30 and E2 =-31.63 have
indicated 02(21) = ,040 . Hence, using the results obtained ‘

L4

before, ; = ,0838 and 8 = ,4209 are maximum likelihood estimates.

However P = .4250 is significant for « = 5% level of significance.

When this serial correlation is accounted for and the transformed
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~

‘mode1 estimated, r = .0913 and o = .4102 are obtained. This
compares well with rg * .0928. Turning now to Genstar, Table 3.9(b)

shows that ‘rF = .0690 and o = .4087. It is also seen that

equation 1 has a significant serial correlation coefficient of

~

0 =(.45945 Whenlequations 1 and 2 are estimated, but the auto-
2.195 4

correlation in equation 1 unaccounted for, r = .1000 and o

.4310

@  are obtained. However, when tHE\Qutocorre]ation in equation, 1 s

A

considered, and r = .1000, o = N0, o, = 4594 and o, = .0959

N 3 /' 3 . 0
used as the vector of starglﬂg va]ug;, the iteration techn]que

- converged, yielding

- - .0871 -
) o | .| 4469
2 -.0333 « 3
L/gz - '.008] - a

-

‘

The results for Ranger 0il (RG0) are a]solinterésting. For the third
opt?on (E3.= 12 1/2),~there is signific?nt corne]gpion (;3 = ,4727).

. Furthermore, 'dz(gi) = ,007 for both options, 1 and. 3. Yet, the
simultaneous estimation of equations 1 and 3 .yie]deqlCEry poor

[y PN .
~

results: r = 0109 and 5 = .4912 . Even, when p iq§considered in’

-

‘the estimation the transformeJlnodel gave ; = ,0212 and 3 =.4692.
The results in Table 3.9(c) show that no more co}relation exists at

lag 1 and so the values of r and o cannot be improved by further

* P

application of the present technique. <.

’
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TABLE 3.8

Resblt% of Simultaneous Estimation of Full Set

of Options ending July 1983

(2)

A}

The estimation period was June 1 to June 30, 1983.

i

l‘/
/
Ticker No. of S // ~
Symbo]1 Options Exercise Prices "B S Of
) . . T - N /
e =\ t
1 1 )
RGO 3 T3, 10, 125 .0538 4690
GST 4 25, 277, 30, 32%— 0690 4087
, 5 .23 ap ag5
NTL 7 30, 313, 333, 35, 363 , 40, 45 0986  .4026
HYO 3 7%, 10, 12-;- <0151 .4377
BVI 4 15, 17;—, 20, 22]? .0555  .3918
DEN 3. 321, 35, 40 0519 .2665
DM 4 17%— . 20, 22;— , 25 0612 .5141.
N ] ] ) 1
ASM 8 175, 20, 225, 25, 27%,30,325,35  .0332  .5193
REMARKS
(1) The 3-month Treasury Bill rate on June 1, ]f83 was rp = .0928 .
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TABLE 3.9(a)

Results of the Estimation Procedure for
Northern Telecom (NTL)

i 1 2 3 4 5 6
; - 2 3 3650 '
_ Ey 30 33 333 363 40 45
b, .4250" -.0811 .0017 .4878"  .5676° . .5114
£ 1.99 -.345 007 2.37 2.92 2.52
R .9958  .9960 9960  .9913  .9812  .9757
u(éi) -.007 .030 .031 011 . .030 _  -.059
A - i
o2(E,) .0485~5 .040 033 .076 107 .048
r
G
i 2 3 a 5 6
: . ,0838  .0759 0752 ©.0608  .0943
4209 .4469 — .4101 4336 *.3943
™ T : “j e
2 . L1016 1073 .0969 1196
14273 13958 4163 3790
3 1059 0941 .1222
13999 4193 .3889
4 .0847 - .1241°
4198 .3779
5 177
L . .3903
F o= .0%0; - 0986 rg - .0028
4@3 , "_* o are statistically significant at o = .05
b s a
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<

TABLE 3.9 (b)

Jﬁesu]ts of the Estimation Procedure for Genstar (GST)

3

e 1 2 4
Ei 25 271 30 324
A * * *
Pi .4594 .0959 .444Q .6300
ti 2.19 .408 2.10 3.44
, R *.9949 .9933 .9904 .9600
T u(E) 118 .097 - .031 ~.144
0?(€,) .03/ .042 042 .049
Remarks ;
A
@) For E , E , (?, o)
1 2
(.1000, .4310) )
’ . - T [ A - 7
For starting vector .1000 ux .087NM
' 4310 | - o = .4469
. M _
.4594 £1 .0333
) | L0959, | | P, | .0081
(b)Fof the full set of equations:
re = .0690 %
op = .4087
* Statistically significant for o« = .05 .
o .
i




\
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. . TABLE 3.9 (c)

Results of the Estimation Procedure for Ranger (RGO)

i ' ] 2 . 3
Es ' 73 10 121
A ' } ' . *
P, | 2075 e .1299 .4727
t, .900 559 2.28
R2 | .9902 ot 9692 ..9970
¢ A . . R
u (g;) — .027 .047 .012,
02(21) .007 - . .025 .007
i 2 3
] .0810 . .0109
‘ . 2498 L . .4912
2 ' . ‘ .0938
N L L8621

Comments ' L

(a)y, For Eq.E5, the transformed model yields r = .0212,
5 = .4692. - A | '

(b) for the full set of equations, ?F = .0538 , 6. = .469

”

- * Statistically significant at o =..05 .

&y

0.
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TABLE 3.9 (d).. .
. . D ’ : s
Results of the Estimation Procedure for Huskj 011 (H¥0)
E, 74 .10 123
A - - . N
Py , . 2650 N 4127 ~ 1298 g
't 1.16 1.92 "~ 555
. R2 < .8224 .8821 7352
.A * ¢ ) .
u(ey) + 017 —~.014 g ~.006
02(e;) .008 012 % .003
PN ..J
r
o . g
i 2 ° '3 )
5 -
] - - ~,0013 — .0565
. .4035 — 4556 -
n .
2 .0109
4336 1
& R *
Comments .
' N ~
(a) For ’E],EZ, the transformed model yields r = .0121,
v ' /
G = .3918 . “ S
(b) The full system yields r = 2.0151, &= .0928
‘ . . A > _ ‘ N ' - .
* Statistically significant at o = .05 . o
f » —
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Fi naHy, the resu]ts obtained for Husky 011 (HYO) are presenw

in Table 3. 9(d)  For the 3 options cons1dered the fu'l] systen
iﬂded ;F = -,0151 and °F .- .0928. - In fact the est1mat1on of

' the t'#ree different pairs of options y1e]ded ng better results.
/
Even after the serkfaLcorre]atwn in equatmn ¥ is removed the .
: * R .
g 1mproveh\_eﬁfs are margma]. !

-

,s—.‘,

. & . / o’ ‘ » ‘
. 3.6 Conclusion ¥, . e N )
B * ‘ : ral
- The major objective .of this chapter was to simultaneously
» ] ’

‘estimate the parag’eters (r,0) of "the Black-Scholes model. in order to

':les~t ita funct,ioné] form. As a pre]iminary ana]ysis, vy, o were

estvmated in a manneQ similar to Krausz [1974] and O'Brien and '

1

Kennedy [1982] Spec1f1ca]]y, their procedure!ttemp_ts to fmd a
o

'4 o

{

?ﬁ_ﬂsﬂﬂe 'selution, using the familiar Newton-Raphson a]qorithm on
o e - ~ ¢ N o S ‘
the equations:” L .
s ’ e
‘ !
+ ’ . ‘. '
a :z . : ¢
l—?. CL = 'fi (Y‘,O) C 1 = ],2 .
v ' -
. ( _ . - . q [
where C., = "actual market prices ‘
P . b - -
’ fo = B13}k—$cho]es.mod,e1 price . X /
.‘ k- ™ } ’ a ! " . N g ;

‘ There viere three major problems with 'these earlier studies; First,
h 4

L A . ' . - . =
_since tHe equations to be estimated could have multiple solutions .

Y

: RS AL . : . . . Lo N .
W,Jyst trying to find one solutton is unsatisfactory. Secondly, since

<, . 3
L Y * N

: . Sthe samples used-were very limited and the estimation was only very

- ] . - * . /n‘,‘
]im}tedj'snaps’hots" of the process were obtained.” Finally, if néi_se
PR J A ' ‘ ™~ . . {?} I
» 4 ' - . ‘ﬂ - .t’



" were uWderesti

, in this case v

)

enters #he mod

o 70 '_ kY . PN

el through measurement errors (or some other reason):

then the estimates may be entirely unreliable.

Instead,

C: = f

the procedure used herein, was to estimate

'J)gr it

of squares:

|
r\\‘

Newton-Raphson
an efficient’ d
initial vectoﬁ
of r "and oE

P
were provided{

[

!

|

(r,0) + e, . and minimization offfff/:E§}GU€T~sum
. 2 )
) Y €i, €, . The procedur® also used the

t=1 =1

algorithm to search for an optimum. Furthermore.' -

rid-search method was devised to select an appropriate
0,oo). The general finding was that the estimates

are biased, and , in particular, that the, r values

mated. Some ;oss ble explanations for this behav{our

in the chapter.

Next, a model, using the full system of equations obtained froh

all options on the stock ending on a particular date, -was formulated.

The '‘estimates

when the varia

before, but ex

~ o~

of r,o were shown to be maximum- 11ke11hood est1mates

nce of the error terms are equal. The results obtained

ere an imprdvemeht over the 2 x 2 procedure used

cept for NTL, the r values were still quite low

compared to the re]eyaﬁ&,3-moﬁ%h T-Bill rate, rg .

4

A model

i

formu]ated an&

~

average r va

1 i

L

'nCOnpor;ting first order serial correlation'ﬁas then
est1mated Again the results (see Tables §;§@§) (d)) -

‘, range from very good for NTL to very poor for RYO. The overal]

H?\ﬂif\ft‘]] 1ess than the T-Bill rate for the period,



S~

- 3

"and the individual values vary widé]y‘. This might signal a nbn-x
stationary variance of stor‘:k\ price returns. Thus, this cas;%;\:ﬂj’

be studied further in the rnext chapter. Furthermore, other reasons

t

can be postulated for the widely varying estimates of r and ¢

For e'xa*mplle, the assumptions of the B-S model do not dllow for real

world imperfections such as transactions costs, margin requirements,

differing borroTving end lending rates, etc.

s

,

i

Pad

1 4
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) APPENDIY 3.1

Latane and Rendleman [1975] used the B]ack-chples model to study the
- [4 ,

‘pricing of CBOE options. They obtained the implied volatility of stock

price returns by“numerﬁca11y solving: -

*

ISD2 = ‘f(EaS’t 9r’ca) ’ /)

where E = exercise price
>

S = stock price,

0 N \l .

r = risk-free rate,

\ ' .
* 1
t = ‘time to expiration of option, -
c? = observed option price; and

—

w

lww)
]

.implied variance.

!

They used the solutions to the -above equation for all the n thions
. [ 4 .

written on the same security in the following weighted formula:

.

. n 1/2
: 2 2 \
( kZ] ISDyit  Yit A
wISDit =: n - e & e .’ ..... . (*)
y d
=1

X ) .
K kit ;

.
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In his Ph.D. thesis, Chiras [1977] asserted that his formula was

-73 -

3

the weighted average implied standard deviation

for stock i at time t, éﬁﬁ\\\\\\\\\
. * ‘ N i '

. ] 1 \\
IR Y | N

a2
kit 3(15D,)

-

whete HISDit

a

-

.
L

~N

wnqrg based dh,the following simple il1u§tration: /

. R .
’. &
)

Let dkit = 1 I8Dyp = .1 n=2,

- then wISDi£ = .§§f7. “He then concluded that ‘WISD » 0 as Joo,

'E[NISDit]-+o as n -+ o is impossible to brové in general.

L

Since a closed form solution for (*) has not yet been obtained,

Latane-Rendleman used & numerical approach to obtain a solution. Hence,

» -
even if it is assumed that C® follows a normal distribution, the
distribution of ISDiit would" be indeterminate.

3C, :
Furthermore, stnce - dkit 2 ——— for k=1, ... n,-
‘ a(lsok) . .

~would also have a'disffibutiqnlthat cannot be determined, the distrbution

of WISD:, cannot- be found. Thus, the conclusion by Chiras that . \f

. . . . : .
) : \. o | : .
* ‘ . LY
. N “ \ . .
.

3

Vg
-O'

-
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Chiras also proposed another formula for computing the implied stock

“price variance. This formula is stated as:

4 !

N V2 o N e
uso? = (3 asele? ) s (7 2y ... e (k)
‘ =1 i =1 i |
., aC,  IsD, o °.
R where e, = ETT“ET; . —5;— . . o ;\\N

~

It is noted that Latané-Rendleman's forpula, (LR), given in. (%) above,-
is not a true weighted formula since the sum of thé‘weighfs is not unity.

uHence, for comparison'with~Chiras' fordea in (#x), the following '

modified LR formula is proposed: <
—_— . ¢
n ) n v s
' wrs,02=a( Pasntdly s (] Ay e, (k)
- i i =1 i

L4

It is. now demonétrgsed that the approach in Chapfer 3 that allowed for

~

- a measurement error allow for a direct comgarison between the Chiras

and LR fokmu1as. Recall the the following computation formula: v
' * . ! / ‘ . N -
10% = f(E, S, t+,r, 0) . 7 o,
’ ’ \ [ . v ‘ .
Assume that the true re]ationshjﬁ s . { ) -
. - ' v P N
ISDZ = f(E H S ’ t* » V' CBS ) . N i +

BS ﬂ

’?urthbr assume that the actual price is the t;he BS price wiih in

“
P S
hN



N .
‘Proof  E[Jwiy;l = Jw; E(y;) =l =a

. weights:.

. S
additional measurement error:

c@=cBS+e

 Expanding f( ) as a function of the single variable C in a standard

TayYor series, we obtain,

v % \ . .
.+ 15D = 150 +g-g e . g
. \ﬁa 83 S ' . Co

N

. »” o : , .
5Rewr@it1’ng$‘we get y=-a + v , the classical problem of estimating the

méan of a distr*ﬁution;’where v is an error term which, is, possibly,
. A - ’ . : .
heteroscedastic, depending on the properties of € . We have a simple

preliminary result. | ) )

*

. - . ‘ , Y .
Lemma .1 If E(¢) = 0 and ,zwi = 1, then any‘estimgfor of the form

Jw.y. is unbiased. :
Y4 , , \ ;

X,
o ‘ . ) ;o
The following lemma demonstrates the both the modified LR and Chiras

s

fgrmulas are é]qse]y related and are obtainéd‘ﬁy aﬁpnopriate

specifications of € . )

. - . .

Lemma 2 a) If Var(e) = 02 I then.the modified LR formula is '
~ v . - Q L 8

- £

obtained with: w, ., These are in fact Gauss-Mafkg;

-
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oy

' ’ a_ 2 .
.'b)  If Var(E) = ('T%DO_ ) I, th;n the Chiras formula is qbtained with
- a . - " . -~
t e%
W. Y= -;—7 N )
L €

e L ’ af 3C aC -

Proof - a) - Smce iz ‘ at v, where v = oy ) then ¥ YT 57 +‘~e,i

where £ .AN(0 ,02) Using Ordinary Least Squares, §= Zwiyi where

e
d2
= 3 _,d. =2 | This gives the modified LR formul
W z—? , d1. 3 ° 1.5 gives the modifie ormula.
¥ 'L ' ' ' -
< ] . a_ 2
: af -Co
, .= + v. h = e
~b) Nowy,=a v; where v ace and Var(e) ( 15D, )
Thena_‘.:_.h aca+€ where ¢, 'VN(O(CU)Z)
af of i L C '
;\,p 2

&4

»Using Weighted lLeast Squares, o = Zwiyi where W, = -——-—2—‘, ei = ;f—

N ey

This gives the Chirag formula.

4

i
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APPENDIX 3.2

v
In this appendix, the first and second partial derivatives of the

Black-Scholes fdrmu]a‘are computed. That is, if f(r,o) = S N(d) -

- x - ct
Eer‘t N(d ), then, fully sjmplifjed expressions are obtained for fr .
frr’ fo’ foc, for . These, as was seen before, areimportaﬁ% for the .
application of the Newton-Rgphson élgorithm. However, Before these

partial derivatives are obtained, some preliminary lemmas and

corrollaries are required.

Given C=SNd) - E&EN(Y) ~
. 2 -
. “In(S/E) '+ (r i 3 )t 3
where d = - '
. oyt
d*= d - o/t ,
i SR X2
NGd) = j Z(x) dx, whepe Z(x) = e
- ol I v g =
; \ 4 \ b )
Lemma 1 Z(d*) = et -2— Z(d) . ol ' -
; B ~'_(d*)2/2fl ’ . '
Proof ‘ 1(d*) = vf7ﬁ75 e AQ*. o :
. * s : 2 ! _ 2 Lt , '%
y S -[d°-200vE + o°t]/2 .
B 2H‘0 ' y i \ l ' -
L Y ok Qél |
- e 2. e - :
- /W * )
' ot rt S ' ! ‘ )
= 2(d) ¢ E
) " . 1 \02 ‘,
. . Since dovt = In{S/E) + (r + -2—) t .
N \ vy .. é

[



[

Coro]'largl 1 S Z(d)-Ee

_ *
rtyd*y = 0
Proof Ee-rtz(d* fert 'Z(d)ey't %—) by Lemma -
\ \’
- \\
Corollary 2 If f(r,0) = S N(d)-Ee”"tn(d"), )
then f_ = te " tN(d")
':
— *
fo=/ite "t7(d") »
¢ g . ,
Proof forie s 2(d) d - e "t 2(d%)d) + teeT N(d¥)
. e(d) . Yt - .
But dr w; 5 d 7
. . - i} :
¢ o= d] (S 2(d)-Ee b7 (a%) JrtEe " IN(d*)
= tEe’rtN(d*W]]ary 1 U

- ) -rts, % *.
Also 1‘O = S Z(d)do.- Ee  “Z(d )do. ,

ES

“a(d d .
But d_ = :j_l vt - = and .
o __:an o o
- . '!I
d = dO -/t I -
7 ¢




. The proof is quite clear by using the previous Corolla

éxample;
‘r, ' f =

rr

i

-79 - °

r 3

4
-t fr + /t"fc‘ (

t£§;f1=i[fmfj
.0 . r g~ 0 " rm

’
v

o
<)o

’

e ") + tee"Vz(d) g

_ » e=rt * .
f =[S 2(d) ~E&"" 2(d')]d,
|
, + ga"td") /T
Pt a®y b :
/ =/t Ee " Z(d ) by Corollaryl
‘ / =/t S 12(d) by Lemma.l
p/ -
| - bt
Lemma 2 foo = ¢ [fy-of.]
' f ‘*
- g .
foo = o [dd -1}
vt df
. ]
'fr‘O g 5
Proof -

‘ it(tEértN(d*)):+‘/f ﬁ/f gé"tz(d*)Jd: o

For
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'CHAPTER 4

THE DISTRIBUTION OF STOCK PRICE CHANGES ON THE TORONTO STOCK EXCHANGE

ITS IMPLICATIONS FOR OPTION PRICING
. - N

— - P

In the previous chapter, it was shown that the estimates of o
and r (i.e., the only unobservable parameters in the Black- Scholes
mode1) behaved poorly, even after all the significant autocorrelation
was removed prior to uéing the N;wton-Raphsoq.minimization procedures
A central assumption of that model is that stock price changes follow
a "geometric Brownian motion with constant drift and intertemporally
constant variance, Thus gte central théme of this chapter is to
investigate the validity of this assumption for- the Toronto Stock
'Exchange (TSE), and to study tﬁe implications of the results obtained
for the pricing of options. The random watk-hypothesis* (and in
particular, the independence assumptian of-stock price changes) has
been extensively studied and validated (seec Fama [1965] for the U.S.

case and Praetz [1972) for the Australia case).® ‘However, the nature

" of ‘the distribution of stockrprice changes has not yei been resolved.

* See Chapter 5 for details abput this hypothesi's.

*¥ No published research seems to exist for the Canadian case.

~

4
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While most researchers have shown that {ln(xt/Xt_])} is approximately

normal, Fama [1963] and Mandelbrot [1963], have shown that the symmetric

'stable Paretian family provides a better fit. Furthermore, Praetz

[1972] for the Australia case, and Blattberg and Gonedes [f974]

for the U.S. stock market, have suggested that the t-distribution is
statistically more adequate. Hd@ever, q]most without excéption,
researchers have.found that the estimated distribution is too."fat

tailed" to be nérmaT.
. -
~The remainder of this chapter is’prganized as follows. Firstly,
the Kolmodorov-Smirnov test of non-norha1ity is app]ied.to the monthly
data for a sample 5?'§tgsfs on the TSE. The Skewness and Kurtosis
statistics are computed for each security and tests of significance

are conducted. This procedure 1is then repeated using dai]y‘data for

a-sample of securities’.

Secondly, a test {émgérformed of the proposition of Mande]bggt
{1963] that the distribution of da%]y sto:i price changes is not normal, -
but belongs to the stéble Paretian family with 1nfini§e variance. This
test is based on the work by Fama and Roll [1971] onlsymmetric stable

distributions. This family is defined by . ’ g

In(e{t)) = i 6t-|ct!®

_ . g ' 1
© where ‘ ¢(t) is the characteristic function,

| 3 ST I -f{

-+ -
L[]

f any real number,
R 6§ - = _location parameter, ‘ .
~ ’ ' R



)

.ser‘iaHy correlated and move in direct proportion to the square of

-the market rate of return, R

/ , 4 , o -,
. . .
. v .

/ ]
—= 0t / : i
»
,/_ ’
- - %
T - S . o f
- 82 - / ¢
c..B = scale parameter, // - N
, —_— : . -
- - Y (3 I3 nf ¢
o = characteristic expone o

“ . . .
. "

The parameter a , 0<a < 2 is very crucial #n the analysis, since

o = 2 inditates a normal distribution. An o between 0 and 2

- .
indicates an infinite-variance distribution, where the tail becomes

"flatter" as «a decreasesm zero. Through the use of Monte-Carlo -
experiments, -FEr;a and Roll {?971] have demonstrated that a method
using sample fragtﬂes may be used to compute o . Thirdly, the T P

. . 4 . . 4 . .
variance of stock price changes will be examined for non-stationarity. -

This examination shows that variances of monthly price returns are

mt2 This result has important imp'li‘- : s
cations for the CAPM since OLS estimites of this model would be
inefficient in the presence o:f heteroscedastic errors. | Further, for a
sample of 20 securities on the TSE, but which are also Tisted on the . '
TCO, it is empirically demonstrated,‘that“ daily variances'of stock

price returns are genera®ly a white noise wifh a non-zero megn. This

/_'1'5‘, .
~ . G
PO

identification is made through the use of the Box-Jenkins Methodq@ﬁ@y .

on a time series of daily variances obtained by a MINQUE* - type

a

estimator. __ __ .

¢!

/

* The MINQUE estimator was originally developed by C.R. Rao [1970]. . | ~
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—~. F1na11y, one-period gprecasts of the da11y variance are made by

the ARIMA«mﬁHe1 obta1ned aboye. These® for‘qasts, a]ong with the

¢ Voo
appropriate risk free rate, are then used to recompute call -prices
\75

- for the, B-S mode]l The predicted call price is cal]ed accept-

able" if it lies be{ween the observed bid and ask ca]] prlces.

4.1 A Test of the Normality Hypothesis

3 -

Formally, the normality hypothesis states that stock price
returns follow a normal distribution with constant pérameters,
u,c . Although the‘question of normality is not imporfant in
erer ta,testlthe Qa]idity‘of the random walk hypothesis, the true
varjability, ~o(rk) of the serial correlation éoefficient, o
would be underestimated if the distr{bution is non-normal. Hence
'?*=6;%;7 >, Where " is the.corre1::50n coefficient of lag k ,
would be overstated. 'Lﬁ~turn,.this'wou1d result in a 1argerw§roba—

bility of_.r_ejecting thg nwﬂ hypothesis .of no ser'ia.l correlation

3 Yilé., a +type I"erron); when in fact the hypothesis was true. The

éstimation procedure used is as'f011qws: First, a non-parametric

goodnesé of fig test, the Kolmogorav-Smirnov test is appkied. The

-gtest is relatively weak in'that it can gnly be used to reject the:

qu]],hypothesis. Thaf fé. since it is a test. of non-normality, it
cannot be qsed'for‘accepting Ho - In fact, tests which are,
app11cab]e to,a 2- dec1s1on problem (iych as accepting or rejecting

H ) must be based-on a charasteristic property of the distribution. -

- . \

<f

'
‘@
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(a) Kolmogorov-Smixnov Test

w

The .XdImogorov-Smirnov test is applied to the series {rt}tﬁl ’

where ry = [1n[St/S£;]].’ That is, -for each estimation, the data
consists: of a random sampie {r1,r2; ..;.rN}' of size N ,‘ which

has some unknown continuous distribution - F(x). The rull hypothesis

is:

-

H.: F(x) = F (x), where Fo(x)

is the cumulative normal distribut%on. The sample is then ordered so

that ry<rp<...<r. ), and the test statistic is then'aé?;;;d

-

as:

. _  max i
p* =y { Fo(ri) "N

Tables for determing the significance of D* are readily available.

However, for large N, D(.05,N) = ==3%  and p(.01,N) = 83
. YN SN

2

The Data

4

The data set consists of twentylstocfg selected from each sector

. on the Toronto-Stock Exchange fo} the period. 1 Jan. 1970 to 31 Decs _

1979, (see Tablg 4.1 for the full listing). End of month closing

prices are recorded fOr each¢secur1ty for-the 10 year period. The

‘prices were adjusted for'stock sg]1ts and cash‘glv1dends.

- [}

. : . .
. .. . v ' :
/ . o -l
»

-
H .
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Empirical Findings

The results from conducting the §ond§orov-Smﬁrnonggst are given
in Table 4.2. The most interesting fiangg jérmnat the: null hypotnesi;
of normality cannot be rejected fo} gnyiof the twenfy securifie§. The
critical value of D s D*[.OS,]ZO]TE .1242  at the 5% level, whereas
the maximupr. value of D is .0991. Howe@ér,‘gs discussed above,
the fact tﬁat the null hypothesis cénnot be’rejeqted does not mean
that it can be accepted. In fact;‘the_Ko]mogo;ov-Smirnov test is a
."weak" non-parametric test. Hence, the data is testeq for éiénificant

shewngss and kurtosis in the next section of the thesis.

(b) Tests of Skewﬁess and Kurtosis

D'Agostino and . Pearson [1973] stateé* that if there is
a large incidence dflties in the ordered obéérvations, then it is
bettef to use a test of normality based on the measures of skewness
and kurtosis. fhis characterfies our sample, sincebthére is a high
incidence of zeros dueta thinness o; constahcy of prices over short
intervals. (This is especially traue for daily data, as is shown‘in

———

a later section of this chapter.)

(1) Test for Skewness..—

The classical test of‘npn-norma]ity due to'significant skewness

th

is as follows. Define the r°' moment about the mean as:

s

N .
= =\" - Sy
m, = iZ] (x;~X) ‘/N, where x. = 1n(S./S,_7)

.

w

' e »
X o, , . ﬁﬁf
i . . .
. . .
. :
~ v
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TABLE 4.1

Full Sample of Securities on TSE

*

Ticker Symbol

Alcan Aluminum Ltd. - - AL

Bell Canada

2

B

Cadillac Fairview Corp. Ltd. CFV

Canada Packers L'td, . CK

Campeau Corp.
. N .
Canadian Impertal Bank of Commerce - ™ .
Dupont Canada - |

Gulf Canada Ltd.

S

N

Hollinger Argus Ltd. : N

Hudson's Bay Co.
Imperial-0il Ltd.

Inco Ltd.

srprovincial Pipe Line Ltd: \ ' IPL
‘\Fﬂtﬁ?ﬁlﬁan Bloedel Ltd. ° ' . omB

Placer Development Ltd, L . PDL

Royal- Bank of Canada ) "+~ RYL (A)

" stelco Inc. .
‘Union Carbide Canada Ltd. . o uce

"Geprge Weston Ltd.

STE' (A)

WTN

At
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Let B] = mgjmg . Then, for a normal distribution, the distribution

of the skewness statistic, S, wﬁere S = [(g])(N/s)]]/g ‘,

\
.

-

is approxima;eTyﬁ N(0,1). Thereforé,§fﬁe combuted ‘S statistic

N

-

can beiﬁémpareﬂ with pZ(a f,.QSB.z JJQB.;{Phe resu}fs'for the

20 securities are given in Table 4.2 | 'n1y'in four cases is
there significant skewhess relative to'fﬁ;:nprﬁal distribution.
However, for one of these cases (Placer}, the skewnes§ can be.

< attributed to the existence of. ah\Outlier in the sample. More
specifically, thﬁ saméle v?1ue of December: 1979 is .343? whe}eas
the meaﬁ‘va1he and standard.deviation forthg.gn;i}e'period‘js

.0017 and . 1225, respectively. Significapﬁ skewness does' not

exist in the absence of this sample value.

It is Tikely thét a high incidence of zero sample values would

contribute to skewness since the sample mean of stock price returns

'“Js approximately zero;‘.Thus{"in order tao determine if skewness is

due to paraméter non-stationarity, the skewness statistjq was -
'\geca1cu1ated as tHe sample period was .reduced one year at a time.

\ . R ) ‘ ‘ '

Th all three cases (i.e., Cadillac, Imperial oil and Stelco)

? . ,
significant skewness disappeared for the period 1970-1974. Therefore,

it appears that parameter non-stationarity resu]te&h§n significant

skewness.

(ii) Test for Kurtosis . - , ‘ K

Kurtosis is usually defined as the degree of péakedness of ﬁ (
distribution relative to a norma]ydi§tributioh. A distribution having

a relafively high peak.is called leptokurtic. - Such a distribution.. .

{

¥

. .
Y /
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'seems to descr1be stock price returns well s1nce a hlgh incidence of

. is given’by: ‘Bz = "“;Z

- statistic, K = (BZ

F

zero or. near zero -values is usua]]y present -One measure of kurtosis
my
(mz
For a norma]‘ﬁistribution the distribution of.the kurtosis
/2
)( oV

, is approxfmate1y N(D,1)..

The Kurtosis results for the- samp]e are given 1m Tgb]e 4.2 \B$-
the twenty stocks cons1dered Seven exh1b1ted s1gn1f1cant pos1t1vg :
kurtos1s (1 €., a clear 1nd1cat1on of a 1eptokurt1c d1str1but1on)
fh fact except for ‘Stelco, all of. thchomputed 82 values exceed 3
(the theoretical value for a normai d1str1but10n) Based on the

emp1r1ca1 results presented in Tab]e 4 2, the fo110w1ng three -

“ conc]us1ons emerge. First the nu]] hypothes1s of normalrty for

monthly closing prices for 2 sample .of ZG,sbocks for the period
1970-1979 cannot be rejected using the: Kolmogorov-Smirnov test.’
However, on the basis of this test alone, At is not possible to

accept:the null .-hypothesis.

Second the aistribution of monthly stdck‘price returns is most 1y

———

symmetric since only four instances of s1gn1f1cant*skewne§s were fqound.
These appear to be causea by gie existence of an outlﬂer for Placer
aed to parameter non-stationarity for Cadi]]éc; Imperia] il and
Stelco. Third, all estimatioes (except for Stelco).yie]ded Kurtosis
coefficients (Bz) with values greater than three. For seten ceses,

these coefficients were signifiégﬁt at”the a = .05 level.

Ld
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TABLE 4.2 -

RESULTS OF THE KOLMOGOROV-SMIRNOV SKEWNESS -AND =

KURTOSIS TESTS -, MONTHLY DATA (19?0-12]§) Co

érqcx

0

i

-«

a:!

r . ) .
The criﬂéca] value of

The critical value.of bpth §' an

oct X 5 B2

F;LCKN L0338 ..1a57  ".1.700 3.
BELL 0903 .0142 5299 3.2
CADILLAC 0991 - .2178 . 2.078 , . 6
CAMPEAU ,-0646 © -.0585°  1.007 3.

| CANADA PACKERS ~ .0694  .1480  1.713° ..3.8
CAN. IMP. BANK  .0496  '.0039 . .2803° 3.
DUPONT ©..0532 0123 4938 . 3,
GULF CAN Cl0a87 040 8921 3.
HOLLINGER L0748 C L0883 1.075 . 3.
HUDSON BAY .0396 . .0053  .3247 4.
IMPERIAL OIL L0580+ . ..3452 " 2.616 ' 4.}
IAC LTD.. 0528 . "Me47’ ,1.807, 4. 3.267
INO #0834  .0125 _  .49f6 3 1.445
INFER-PROV. PIPE  .0537  .0615 . 1.705 4/a%7 . 3.289
MACMILLAN BLO  _ .0543 - .8e#3 ~ - .2128,  A.347  2.999
PLACER 1035 "2.1699  6.560 /11.226  18.312
ROYAL BANK . .0525 . .000Q . *.0029./  3:256 5713
STELCO . o717, . 2085 %.013 /  2.980  -.0432
UNION GWRBIDE * ° - .p789 ° .0054 .  .327 3.352 7855,
WESTON 10536 00063 L1141, 3.428 - .9540
RIS SR — il

. - ty v L .
D is ~D#[.05,420] = .1242. ..
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.4.2 A Test of the Mandelbrot Hypothesis - - .

/,_ﬁ).;ﬁ

Resu]ts s1m11ar tp those reported in thé prev1ous sect1on led

‘ Mandelbrot [1963] to prapose- that the dlstr1but1on of stock price

of the stable Paretlan class become

sample size, N,

changes belongs to the stable Parettan c]ass

stab]e Paretian fam11y may be defwned by

|2

el =

’

ot - dct]®

LR,

— '_where;; t = a real humbet, .
;,"iZ--=‘_.-]i,.
o S “ P “="the character{sticgfuhction,
\aé"“‘ re 8 = ‘itcelﬁonhpeydmeteh -“1 L :

A

normal d1stribution has the “th1nnest ta11" in the c]ass.

est1ng'feature of- the c]ass for 0~< a'< 2

<

t~~ ,. Tt = scale parameter,
‘@ = characteristic ‘exponent,

where, 0 < o< 2 .

AN

The normal d1str1but1on 1s dbta1ned when a ="2.

-

"fatter“ with a- decreasing a the

r ' i

The symmetrmc

(1 .

Since the tails

The inter-

‘is that the var1ance 1s

1nfin1te, in the sense that it behaves in an erratic fash1on as the

1ncreases.

measure of variability when

N Y

Thus, the sample var1ance Js a mean1ngless

D<o <2, .

. * The dtstﬁiﬁutﬁ%%i%an be assumed to be symmetrlc since no swgn1f1cant ,
skeWness was found except for three securities. .

T

4

P

> p——tr



.
— .
. ~

N

. .

4 A » z N

/. PS " -

L ‘ ., . L A

If the 1ocat1on parameterf 6 j§4assumed»tp be zeho. then only two

‘ »55 ameters need. to be estimated: the scale parameter, C, and the

‘- a
N

‘charde

{stic exponent, o' . Fama and Roll [1968] developed an

estimator, "in\\C’ which is given by: -
E = X727 X8 . fi' SRR ‘ )
: ]..654 . ’ o . ! N
U, i . th

where X is the order statistic-used to estimate the &k fractile of

. the'ehpjrical distribution Therefore, thg data has to be ranked in some

‘erdeh so that X, may be identified. (*)

- S [

=

~The procedure fbr optaining the est1mator of a is,more involved

than that for obta]n1ng C* Furthermore, the value of' a must be

" est1nmted "proper]y",oS1nce the type of symmetr1c stable distribution
" is determined by a . Based on the behav1our of h1gher fract11es, Fama
and Roll [1971] showed that o« may be est1mat!uias»fol1ows.
S (M) For a g1ven fract11e f compute ' : > o
.’“ : 'A.nz A s I
S SR T !
£ S T A
2¢ } :
] )i
\< l r:
A, l } ‘\ L

S La ‘Cava [1976] has sugqgsted that- since C. can be used as a measure
of risk for invéstment ‘decisions, it can be used to rank risky assets

o R L }



(2) “~From a tab]e of standardized synmetmc stgble fractiles (se%n

Fama an Ro‘LL[lQGS]) pﬂ:k the Ij\a w1th the closest ?

and Rol fou2d that the bast resu]ts were obtained for
95 < f< .97,
.*;

Empirical. Findings

. S N
. fractlly/ch is < Ze - Us1ng Monte Car]o methods, Fama :

Using the data base given in TabIel‘4.1, c, Zf and the corresponding

a for each stock were gbmputed using monthly'data. Since L95< f <

we choose f = .96 . The results are summarized in Table 4.3. While"

- < ~
o ranges from 1.4 to.2.0, the average o value is 1.8. This is quite

— ; consifnt with the findings of Officer '[%72] who \stated that "it is
ﬂpnoprlate to assume a stable distribution of montggy stock returhs
A

y _
s . .
o 0 v

:g&‘ with a =71, 8 ‘postwar®. \,;
. ) & Cee o ' . .
-t “v' U e T,

\ -

Thus, the overall conciusion to this point in the thesis is that,

fo t e tudied sample, the d1s£r1but1on of stock pmce changes is

%
prab bly }eptékurtw and it belfongs to a symmetric stable Paretidn
¢ . family with an a = ].8. ‘
: - 4.3 Distribution of Daily Stock-Price Returns " -
L w i A ;! | .

However, the distributmn )

-
, .
7 ’
.

.

a

Hy price changes is more important for

the pricing of options. Indeed, a.centr'ai assumption of the Black-Scholes

J

.97,

Lo WMe N

G

~—
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© apiE 4.3 y )
Estimation of the Characteristic Exponent ' «
- e Parameter of the Symmetric Stable Class™ ___ ‘/
»
- ; ‘ - A A . A ; -
, #y STOCK ¢ I ¢ -
ALCAN , 0585 | 2.482 2.0 / o
BELL L0192 2.929 1.7, ~ \
@ | CADILLAC | .0516 " 3.604 1
CAMPEAU | o087 2.170 2.0
" CANADA PACKERS 0362, 2.709. - | A8 | -
© | CAN.IMP.BANK 0394 | 2.593 /1.9 -
DUPONT 0534 2.9 | 1 1.7
_GULF €AN. ~. 0623 2.380 - |. 2.0
G HOLLINGER .0351 3.837\"(“(;”\ 1.4 .
HUDSON BAY 0617~ | 2.513 T\ . 1.95
IMPERIAL OIL) .| .0526 3.289 | \J.6
<o ltactm [ L0433 | 2.464 /\2,.0'
INCO 0667 2.592 " 1.9
. INTER.PROV.PIPE |- .0450 . |  2.678 V.8
T MReMILEANBLO |, 0515 2.968 1.7
) T"" PLACER *‘ :06,58_’ ' 737214 - 1.6 ‘
ROYAL BANK 0331, | . 2.98 1.7 '
|steco 4 | Loats | 2.557 1.9 *
'UNION CARBIDE * | .0383 |  3.374. 1.5
7 Jweston .05036 / .|  2.880. 1.7
° - “FBased on Monthly data from the period, 1970-1979. B
s 7 J S ‘ R | _'
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K’\splits and cash d\wwdends For each security, the year to be examined
was randomly selected from the per‘iod(1976 to 1982. This will tend to

' S ' . - 942

- Dat _ . - ' . -

« . 3 N
model is that daiTy stock price changes follow a Gau{s}sian distribution

with®constant parameters. Thus, the procedures of Sections 4.2 and

ll

4.3 are now .applied to daily cl'osing prices. ol

e

Similar studies have been conducted for both the U. § and Australian

Sy

cases. Osborne [1974] exammed the dally returns of twelve comnon stocks
on the Sydney Stock Exchange for a 4-year period. She, found that the.
empirical distributioy is a memb®¥ Gf the stable Paretian class with
approximately ’thef'same character‘ist‘_ic éstimate of 1.7\,f_cn:,a11~ cecurities.
Teichmoeller [1971], using the Fama and Roll technique, also concluded
that a stable Paretian distribution with an o = 1.7 was appropriate.

On the other hand, Praetz ‘ﬁ972], ,using a minimum chi-sduared estimator
for oy could not accept the stable Paretian hypothesis for any of the
stocks in his sampie He found est1mates which were genera]'ly higher
ﬁthan,@}.?. Also Fielitz and Sm1th [1972] found that for daﬂy C]OSlng
p;-ices of 200 stocks listed on_the NYSE, s1gmf1cant skewness and
kurtosis made the symifetric stable distribution assumption inappropriate, . -
If true. this would comprom1se the results obtamed from usmg the
\techmque developed by Fama and Roll.

DX . ‘ *

‘i b

A sample of 25 securities on the TSE was used. Daily closing ‘

prices for a one-year period were recorded and adJusted for stock ' .

m\qﬁm:ize the effects of co-movements in the daily prices .of securities

L o \ »

M, | : L . | =



e

' quite stab1e across stocks, even for different randomly selected t1me

"« found, fndicating a normal distribution.

‘Y
v
P

which belong to %he same seéto+ Thus, the sam:?x s1ze cons1sted of about
260 prices for each security. A full- 11st1ng of the samp]e is given 1in
Table 4.4, The Fama and Roll_ technique to estimate the charatteristf?

exponent, o , under the agsumption of. a\%ymmetric stable distribution ,

L3

was app]ied to each‘security. These resu]ts, along with the compuifw

skewness and Kurtosis statistics, are recorded 1n in Table 4.5.

/ *
N
-

Enpirical Findings

“

Incons1stent w1th the resu]ts of Osborne [1974] and Te1chmoe11er

s[1971], the average value of a is 1. 4 "In add1t1on th1s value is

J
periods between 1976 and 1982, However, unlikexEieTitz and Smith [1972]

significant skewness is not evudent in mast cases cons idered .

Therefore, the assumption-of a symmetric stable class is not questionable.q

Two general conclusions emerge from these results. First, for monthly
closing prices on the TSE over the period 1870-1979, the empirica]
d1str1but1on of stock prices is symm&tricsstable, Paret1an with the,

average value of a'= 1.8. However, several 1nstances of a = 2.0 were

\

Second, for daily stock DFJCES on the TSE for a random1y se]ected
one-year period between }g?ﬁ to 1982 the emp1r1ca1 d15tr1butwgn be1ongs
tor a . symmetr1c stable Paretian class with a = 1.4, and the & va]ue

Q

are quite stab1e agross securities. Furthermore, when compared to the

results by Osborne and'Teichmoeller, the lower o, values indicate that,

- for Canada, the distributions of daily stock price changes have “fatter”

tails than in the 0.5. - ¥

3
od
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TABLE 4.4 .

4.

<-Data Set Used in the Estimation of the Parameters of the:* *

w . Paretian Distributron

Ticker Symbol

g

e y

Time Period 4

o

, - ASM
,6»“ . "NCN
J DM '
" “mvo. .
IPL o/

L

o’ }~auty 1, 1978 - guty 1, 1979

% Jan-"1'- Dec. 3, 1981 .

Jan. 1 - Dec. 31, 1977
) i &
/

{ @

L |

«

b Jan. 1 - Dec. 31, 1978 °~

L]

L] 2

Jan. 1 - Dec. 31, 1979°

- _B‘

L

.

} .3#:f'] % bec. 31, 1980

_ Sept. 15, 1980 - Sept.- 15, 1981

4 SR
July ‘¥, 980 - July 1, 198]

!
L S ]

b

L 4

\

1} ' ’
)

[Resme e e
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. TABLE 4.5 - o

3 L L]

Resul ts obtained for the estimates of the Parameters of
the Paretian Distribution

»

-~

4 .

A A -

Tiéker c a - B B* K K*
_ Symbol . :
fsM L0147 1.5 6042 5.067 ' 5.515 8.199"
NCN  .0126 1.7 .0473 1.418  1.250 3.976
M- 7 L0072 1.4 .2296 3.124 3.993 3.238
HYO 013 1:6  .0264 1.059 . 4.059 3.45]
IPL .. .0088 2.0 0300 1.J29 5.132 6.948
MB~> .0083 - 1.8 0719 1.749  °5.495 8.132
B .0037 16 .1284 . 2.336 {589, 11.70°
fer L0077 7 on7, L0122 0 L7192 6.NA 19.73
'BMO .0070° 1.8 .0245 1.020, 4.057 3.447
LBT(A)  .0070  ].8..p .0077 .5725 B.598 ~ 1.950
‘GoC - 20121 . 1.5, 2.015 .9.255  8.369 17.50 .
BVI -~ .0130 1.4 .5250 4:M5  6.522 11.48°7
DEN*  .010 1.4 .0001  .0745 5.880 9.388 .
TD ‘0068 1.4 .0002 .0936 4.788 5.829
RGO-  .0i60 1.7 .0149  .7969 4.325 4.318
GST *  .0064 1.6 0217 .9590 - '8.369 17.50
SHe ~ .%0095« 1.7  .7413 5.613  5.438 7.948
cM ©.0062 1.3 .0093 - .2024 4.382 4.507
DMT .0063 W4  .0286 1.103 4.410 4.597
16 - 0150 1.5 .0323 171 6317 10.8]
BPO .0090° 1.5  .0890  1.947  8.026 16.38
CRK . .0137 1.4 .0151  .8011  4.654 5.391
HWR 0050 1.6 2.952 11.201 13.924 35.60
PDL 0146 1.9 .0143  .7819  4.154. 3:760
AEC ‘.ol  1.7.  .0609 1.609 . 6.871 12.61:
cLT L0071 1.4 T .1138- 2,119 53188 . 7.134
- .

.
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TABLE 4.5 (Cont'd)
. Comments ' '

»
¥) B = computed skewness statistic and

. B* > 1.96 sindicates statistical significance at the N ’ S. ‘
6% level of confiidence. . “ ’ 4

- : .
(2) K = computed kurtosis statistic and . : ..

K* > 1.96 indicates s1gn1f1cance at the 5% level.

(3) a has a modal value of 1.4. v
(4) K* is. s1gn1f1cant in évery case indicating s1gn1i;;ant leptokurtic
d1str1but1ons ) -
. ¢
« K] s I
-~ " v
S’
-
" -
ot ‘ °
» ! -
L . , R
* . A
. “ v
A ‘ h

v ./

» r o " B /

e ( ‘ \
- . \
. N - ]
\
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4.4 The Variance of Stock Price’ Changes

As has already been discussed in Chapter 3, the appropriate
specification and the estimat1on of the variance of stock price
changes is crucial to the pricing of opt1ons via the Black and Scho]es
model. However, Black [1976], Schmalensee and Tr1pp1 (19781 and
.Capozza and Cdrne11 t1979] have, presented ‘evidence whlch suggest thai

' 4

va]uat1on of the call pr1ce can//géobta1ned using the B S model when the

the variance is correlated over time. This implies that a better

correct" specification of the process generating the variance is used.

4

Th1§'wou1d requ1re a time ser1es of variances of daily stock prlce

changes However, s1nce on]y one samp]e point is ava1]ab1e for each

day, a computation of the daily variance is not poss1b1e Capozza
¢4

and Cornel] [1979] computed the sample standard deviation on a weékly

basis.. Based on five (!)‘data points, they calculated -

) "‘5 l ‘ . ,'
403= (tgl R%) /5 , |
/ | . = / | y

- 1In (St/St_])

. . !

=
=
14
3
m
=
1

) = the daily closing price at time t,

E(Ry)-= 0 by assumption. -
A d1fferent approach basedona wel]known resu]‘?1n stat1stics, wasused
by Beckers [1980] (The proof is found in, for examp]e Append1x C ‘of

-

Beckers [1980];) The result is stated as foliows
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Let. X be a random variable which is normally distributed with

-~

mean u and variance ot . If W T 0, then

L3

1/2 =
E(Ix]) 2o (%) > Since, the estimated mean}dai1y return on

stocks is very close to zero-in all cases considered, the assumption
that u =0 is a reasonable one> Consequently;, the pophlation

’ tn
x) = |x] and St is the daily stock price at time t .

»

variance cf may be estimated by 82 = % _ABS ln(St/St_])), ) ﬁ
( )

where ABS
This gives rise to a time series {ot}t ] of estimated daily variances
of stock pricelchanges. Howéver, as is discussed more fully in

Appendix 4.1 to this chapter, there is.a major flaw in the estimation

§

procedure More spetific 11y,s1nce Becker's estimator is biased

downward, the est1mates of the parameters obtained by OLS w111 be under~

stated.. However, an(a1ternat1ve est1mator which is unbiased and,'11ke
. s .

he Becker estimator, is inconsistent, is available. Thus, this section
N\ . v . L

o nsisﬁ% of the following two subsections. In the first, it is poste

ulated that ) -

f ) C P '

5 Gﬁ. .= f (t, st Rmt)

! . 2 ‘- ! oy » L 4
where { oy - = variance of Ry =1Tn {Stlst_]), /

A}

\ t = time (month)
St» = monthly c]osing.price
. 4 N >
‘R . = monthly market rate of return .

P X R
~ . . v

v
M

We. then obtain an appropriate specification based on Rzl and the. |

residual Sum of squares statistics is obtained.

Al
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In the second subsection, a determination is'made of the extent
to which the daily variance %s correlated over time.‘ The time series
of.daily variances is obtained by the so-called MINQUE approach, whicH
was deve1opeh by C.R. Rao [19%0] The estimate of the autocorre]ogram
for each t1me would then suggest a suutab]e ARIMA model, which will

be used to make a* "one-step-ahead" forecast of the variance.

This forecast is then used to recompu%e the B-S price. This price is -

then compared to that obtained from the use of the historical variance.

( ' ,
Capozza and Cornell [1979].a1so used their series of weekly variances

in a simple exponential smoothing model to foreéast-the next period

variance. S1nce SUCh a model is equivalent to a f1rst order moving --

" average process, their resu]ts could have arisen by over-differenc1ng
a white noise. In fact, the resu]ts given in Table 1 (a) on page

¢ 54 of Capozza and Cornell [1979] suggest this concluFioh. More will

i be.sbid about this point later.
° L %4

' (a) Test for Non-Stationarity in the Variance © . ;

The constant variance hypothes1s has been studied by several
researchers such as Martin and K]emkosky [1975] and Bey. and P1nches
[1980].‘ The re§u1ts of these”?tudies have had impartant imp]icationg
for .the Capital Asséfi?ricing Medel (CAPM), sjnce éhe ordinary least

squares estimates of this model would be inefficient in the presence

of heteroscedastic—errdés‘ Furthermore, mispricing by the Black-Scholes

\

" model- wou]d 11ke1y result 1f the varlance is 1ntertempora11y non-stationary.

For example, this might expla1n the contrad1ct109~4n~the empirical findings

of, Black and Scho]es [1972] who found that deep-in- tng,money

- \l\



- opt1ons generally have B S pr1ces greater than the: observed market
[

price and MacBeth and Merv111e [1979] who found the exact opposite .

resu1t. e

° ) . ) v o . )
In order to invesquate the possible non-stationarity of o,

a preliminary-test is used 'to detect hgterOSéedasticﬁty " in monthly S

T

n

stock price returns. The test invokes ncapridrinotions about how thq
varﬁance;might change. An optimum distribution-free test obtained by
Giaccotto and Ali [1982] s chosen because of its flexibility in coping

with several alternative specifications. The tést is as follows:

Lét,w{Rt} tg], be a, sequence of independent random variables.

The null and a]t;pnate hypotheses are o ‘ .
~ \ L ‘- | K - |
AT G B
N o 3 ] 2 . 0q'u-|"' nl"l . " . *
Hy ¢ ”"6? ~are not all equal, where S o,
-= , . . - b."’ﬁd ot '\-(
o5 = Var (Ri) . Let. o, e vt | , _

-
) . -

s

" where ?dt} ~is‘a sequenée‘of known constants. - Then the hypotheses ~

may, be written as: . c

,,’If R is rep]aced by its rank- Rt then the mean value of the

- sequence {R } is c]eqr]y —7- and the deviation 1s = (Rt' E%l) .

.
If "gt (the standayd dEY1§£¥Q ‘of! Rt) changes according/to dy

¥



' : N ' * . s "
' * '. \~/
St -1Q3 - /
s *

(aé is post lated abope)} then é'npn-zero\corrglapﬁon can be excepted

' M o . s i - * A n+1 ) .
t and the dev1at1pn, Dt‘— (Rt - —:2«'1)', or-some transformation
Based upon this argument, Ali and G1acotto derived the -

-

A

%

¥

]

4
, . b4
. / g
1 n ‘o n
« Var = —— [ ~r/ (dt-d) ( Z (A,-R)°}1,
. t=1 .t Ny ¥ \ o
T foo AT -
) o _ -1 4 % < ’ . . .
\/ , Age= N AR/ D - , -
L ' The ﬂexnbﬂny of this approach is obtamed through tRe cho1ce of
. / .
the sequenp/e {d b >
/ . ' . © .
’ A/ Frst ¥ g = t) s, ‘2 as chosen
’ . / s a' rs 'run, gy . Sg o Rmt s W ‘ ’ .
where 't = time, 4 o - IR
. ‘ "St = .monthly closmg pmce for each stock hsted m
e ‘ Table 4 1, - and
. Ry = market rate of return on a month]y basis (1 €.,
e . ’ mt
~ - ‘ _ TSE o
| - | Ry = 1n [°F/TSE, 4], . where J'StE’t is the
AT monthly TSE closing index). T
/ . T | Lol o L
.‘ ‘ . v ('. k i :'\ . ‘ . .
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The statisti¢ S = ' ———— s confputed for each stock and then
L ' AT , \\ )
= s . L . , . '

conpared with Z = 1.96. The genera1 pattern of the preliminary

7.ré§uﬁts.indicates that 02 = f(Rmt ), swnce 5" > 1.96 most often

‘for this case. Th1s specification is cons1stent w1th the “non -

. parametric test of Ali & Giacotto [1982] who, for monthly data
X . ; ' - '
for the Standard and Poor index from 1965 to 1977 for 384 securities,

found that "the hypothesis of constadt var1ance is . unobtainable for the

maJor1ty of the stocks in our sample and poss1b1y the variance is

~

increasing with R 2 (p. 1256).

1 4

Thus, the variance is Epecified_as oi

_ 2 . )
= f(Rl;nt ), and is estimated
by ordinary least squares. However, in order to produce the "right"
funct1ona1 form, the fam1]1ar Box- Cox transformat1on is used This
transformat1on i useful in seeking out the best sﬁbc1f1cat1on and ' in

1nduc1ng norma}1§x71n the observations from skewed d1str1but1ons.

‘. : 'k k] *
! a, -
ine \)\) .= ..i_._.._ . R v
’ Defjne Q~Ft 3 , .
‘ e o () L o o
.and assume that o ‘"’ o+ B RS E (1)

Thus, the estimation of (1) should yield the “best® A (and,

¢

‘therefope, the best functional form) ..

~

1im x" el n

Since N : = -

X the'model 1s usually specif{éd

as: Moy =a+8 In x., when X 2 0.

.



. Estimation Procedure J R { ‘ v
. . I : L\ " '

" The estimation of model (1) above, using the data set in Table'd.1,

' proceeds as follows: ° S - .t :
‘l . .‘ . .
. ' .
(i) . Choose a reasonable range for A. For each value
Ag o estimate (1) by ordinary least squares. .
: ' -
- (i1) Calculate the Residual Sum of Squares; RSS (A ).
A4 ‘ o °
(iii) ' Choose A ='Am for which the RSS\(Am) is minimum. \
(This. causes the concentrated 1ikelihood-fu$ction,
T T L(A) = - g In (RSS (1)), to be at a maxiﬁum).' ‘ L |

o R . ! ' » \_.
’ . ' . i
1 ‘ .

(fv) For A = Am" select the estimates o ‘and B

for the‘eStimated'mode1‘(1).M

The procedure selects the best functiqna] form as:

)
! . A4
™

” | 09“‘)7 et Ré,i’“)' '. - w S >

o

¥ O N !

> However, one problem with the above approach is that it is being

: : ) 4 : N :
implicity assumed that the transfigrpation not only.gives the

pbbropriaté A ; but a]sg{produces éﬁforélwhich are normé11y distributed

; with mean zero and constant variance,

“
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Empirical Findings - : “ R
. ; T . ) .
[ IR £

The abéveiestimation procedure was Applied to the sampie of 20
» .
sﬁku;ities given in Table 4.1. In almost all cases, A = 2 yielded ’;V .
. . . ‘ g

the minimum RSS. Also significant first-order serial corref}tion.

was detected in most instances, Accor&?ng]y, the foltowing was ‘ v
"specified: . , ' ‘ .
o2 = o+ BRE +c, where e, = e//+ v and
St : mt "t t+41 O PEL T My o

/ - . s

A . 2
The fg]low1ng proxies are‘g(gd for Oy and Rmt :

R .

~

f o, = ABS (log (st{st_])) and
Ryt = 109 (TSEL/TSE, ) -
. The transformed model is ‘then: T

: Y. ' 2 - . '
.2 2 2 ‘ . '

- AN ” A

-'The regression results, based’ on _a yﬁximum*Lfkelihood (ML) technique

of the transformed model-(2) aie given in Table 4.6. The column
labelled "Full Sample" shows the results when the regression is done
.for the’ entire 10 year pg;ipd. The values of é , their t-statistics, .

2

. . . , & . . .
the * R™ values and Durbin-Watson values are all shown in the table.

The most striking feature of the results is that only two securities

-
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yield insignificant values of é These dre Cadillac Fairv1ew Ltd

and Placer Deve]opment Corp. Indeed,“tf‘the single outller on’
December 1979 s removed  for Placer, its B‘ becomes
significant. \Thus, for the period and tﬁe sample chosen, the monthly
variance of stock price-changes ygg?gs directly with the overall market

return squared. Furthermore, sincé?%ﬁ? D.W. statistics are app}oximately

equal to 2.00, the assumption of first order serial correlation in the

‘error' statistic is adequate. . “

Whether the B valyes are constant over time is unknown. One

,;EEEOn to suspect that B8 shifts‘oyer time (at least' for the period

considered) is ba on thie economic events that tqok place from 1970
to 1978. There)was wage and price controls in the U. S in 1971-1972,

the OPEC/0i1 embargo and the resu1t1ng recession-in 1974, the recovery

. in 1975 and wage and price-controls in Canada in 1976~ 1977 If a.

s1gn1f1cant shift in 8 over time is found, this. wou]d contradict
the f1nd1ng of Officer [1972] that the sa;;?emetandard deviation for’
mont\}y returns appears to be a.wel]-behaveq‘measure of d1sperSJon. )
However, it would be consistent with the finQings of Cdltekin,
Rogalski ane Tinic [19821 that "average standard.Qeviation changes

markedly over time".

)

+ Asdume that the shift pbint «is at t = 61; that is; January i974
(the year of the recesswon). Estimation of model (2) before and after
the. shift point is carried out for each security in the sample.. That

is, the following switching regression model is used:

[

.
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Jor T ot By Ry ey lTetet,

, ' \
2 2 . -
oy = .t By Rue et tp st <120 :

\Technically, t is unknown. If the error variances are equal for both

o
. L

regimes, both equations should be estif®ted for different values of to.

Then the value of t(5 = tm for which the sum of residual sum of -

squares (i.e. RSS; + RSSZ)' is minimized should be chosen. The value

- of to = 61 1is appropriate according to this criterion. , >

| The results are shown in Table 4.6 under the headings of "Pre-Shift
Point” and "Post-Shift Point"., In order to test if 8,.= B, for the
two rjegimes, the following result isv-used: 11; a sample of size’ ny is
independently drawn from a population having mean u, and variance

10%, and another sample of size n, is drawn fron a POPU]atT'O," with

mean u, and variance og » then the statistic:'f - -
- - o? ‘og
ST B S N

provided that -ny > 30, n, >'30 . - Hence, a test of the null hypothesis,

- 4

o]

‘ H_ : ‘8] = By» ,against the alternative hypothesis, H2 : B] # Bos
. yields the following test statistic: . \ )

* P =3 ~2 s
"l o= (6]-82)/ v/ o]/’n]+02/n2 :
: ® | '
0 )f;hen Z* is to.be compared with Z = 1.96. - A(
P . {

i
Mo oe
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TABLE 4.6

-

Regression Results of (ABS(log(X¢/X¢_1)))? = pt-’rB,(]og(St/_St_]))2 + Iy

Using a Maximum 1ike1ihood techniqug of the transformed model with

Loy ZPLy + Vg -
STOCK FULL-SAYPLE PRE-SHIFT POINT __POST-SHIFT POINT
A <A “ A
B R DW B RZ DW| B RZ  DW
ALCAN 1.062  .1471 2.03 | 1.572 .2611 2.13| .5951 .0731 1.84
‘| (4.488) v (4.477) (2.124)
BELL .0664  .0326 1.97 .0376 <0090 1.95| .1078 .1059 2.06
1 (1.975) , ( .7080) (2.743) '
CADILLAC | 2.231  .0933 1.99 | 1.983 -.2283 2.00| 2.498 0 .0725 1.99
_ (3.467) (4.202) ) (2.137)
CAN.PACKERS | .2653 .0238 1.98 | .1056 .0089 1.89 | .4429 0398 2.00
(1.689) ( .8970) (1.565)
CAN.IMP.BANK| .9457 ~.3486 1.98 .9297 .2757 2.02{ .9596. .5661 1.99
(7.920) T (4.670) ) (8.536)
DUPONT .7838  .0566 1.98 [.1.402 .1471_1.96| .1565 .0025 1.99
(2.632) 7 (3.117) = | .4200) )
GULF CAN, 7716 .0549 1.98 .7584 ".0656 2.10| 1.7149  .0992 1.96
(2,588) (1.963) (2.430) ;
HUDSON BAY | .2.781  .4940 2.02 | 2.834 .4226 2.00| 2.648  .6345 1.9
‘ K10.6e0) . T - | (6.459) "~ {(9.858) |
HOLLINGER .7560 1440 2.01 4624 1052 2.02| 1.049 - .1945 1.907|
1 (4.440) ‘ (2.615) . (3.797) |
INPERIAL OIL|,\1.963  .7§83 1.98 2.391  .2797 1:98| 1.651  .4927 1.98
(6.882) - (4.691) . (7.329) )
IAC LTD. .7090  .1159 -2.00 "| '.7236 .1833 1.99| .6947  .0839%¢«1.98
C (3.916) (3.577) (2.305) ‘
INCO ©.9921  .0721 1.9 .6109 .0201 2.02| 1.256  .1878 1.72
s (3.002) . (1.046) S TEIRAE) PR,
INTER. PROV .8844  .1324 1.99 .8180  .2560 1.98| .9513  .2015 1.99
' (4.245) (4.266) (4.736)
MACMILLAN .9756  .0685 1.88 | 1.005 .2459 2.02| .9386 .0469 1.74
"1 (2.952) ) (4.268) © T (1.628)
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- N ‘ ‘ TABLE 4.6 (continued) \ :
\.. . ‘ ‘ : ) L | |
o T\ STOCK -- FULL-SAMPLE PRE-SHIFT POINT POST-SHIFT POINT
' \/\ oy » A A ° A '
. : L B R DW B R DW_| B R? DW
s, | PLACER 1.879  .Q184 1.96 | 2.622 .0193 2.00 |, .9406 .0324 1.348
.'\. (1.882) (1.056) {(1.399)
- - ROYAL-BANK 6371 2412 1.96 | .4354 1217 1.92 | '.8116 .3912 1.99
s , Yo es) (2.885) (6.101)
:\ : STELCO \ .9072 .3532 ©1.99 ] 1.227 .4737 1.95 |7 .6168 = .2895 1.99
) "&\\. (7.993) - (7.161) | (4.798) ‘
o~ o« %|uNION CARBiD{E ..4714 0369 .2.04 | .0305 .0004 1.97 | .9004 .1063 2.00
a - - J| (2.118) (.1110)’ (2.608) >
. WESTON [].1.259 .1899 1.97 T .3015 .0162 2.00 | 2.156 4778 1.91
Co. \| (5.233) (1.031) (7.112)
eI, IR , \
. fOments
. ® (1), The shift oint is ssecred to, by at t=61 [Jan. 1974].
¢ (2) Since (EQIXi)?}? 0’2 (%), the coefficients, 8, must be‘mu1t1‘ph'éd by
‘ " n/2. wevé(, the ‘signigic/ance of the t'statist'ics is unchanged.
: IR » <
/ { & '
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In Table 4.6, the null hypoihesis‘of no shift in B cannot be
rejected in on1y 6 cases. When taken along with the resu]ts presented

earlier that ponthly returns are approx1mate1y normal, and the present

v

result that monthly variances are non-stationary because they .generally

2

vary with R , the Rosenberg hypothesis for monthly data ié now .

validated. Spec1f1ca11y, month]y s*ock price returns“follow (appronmately)

-

a normal distribution w1th a non- stationary varlance

(b) The Process Generating the Variance for Daily Returns

 The extent of the autocorrelation in-the time series of the daily .
variances of stock price returns i§ now investigated. As mentioned
earlier, Black [1976] and. others, have suggesteﬁ that such a correlation
exists and Capozza and Cornell []975] have nsed a simple exBonential -
smoothing model to forecast.the variance. Capozza.and.Cornell\claimed :

o tnaf their forecasts yieided better B-S prices than the implied variance
approach.. However, since the Box-Jenkin methodology uses the dependeney
in the.observatiéns'more efficiently than the exponential smoothing

"+ approach, ‘it is 1ikely to produce. better forecasts. Furthermore,‘as
is well known the Box-Jenkins methego]o;& is well suited for
time serie; with small 'sampling interyals (e.g., when ‘uéing
daily data X. But, wunlike exponential smobfhing, there

-

is no inherepts procedure in tne Box-Jenkins methodo]ogy‘to‘update the .

- _ estimates of the parameters as new observations are obtained. However,
\V4 . ' ' ‘ ) S
since only one-step ahead forecasts are to be made, this'is not a serious -

P .
prqb]é%.‘ b -

/ "

EA
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Prior Studiés

f1rst -order moving average process.

Capozzad and Cornell [1975] concluded that weekly stock price changes

, follow a first-order moving%évé}qég\brocess. Théy'computed the sample

standard deviation of stock price changes on a weekly basis as L

follows:

(S

s

5 .
2 - 2 L
Q = [ Z R ]/5 ’ ' ' 'S . -
t T o : ‘

where' R, = 1n_(§t/St_]); N

S, = .\d&ﬁy closing price at time t;
, 1( .
and E(Rt) = 0 by assumption. o ) § v

Using.a series of week]y variances,‘they‘computed the corre]ogramS'

of the.first differences. " Based .on the f1nd1ng'thai all> the first

autocorre1at1ons were significant at the 95A 1eve1 they conc]uded

that the data implies that the time séries qf weekly var1ances 15 a

H ‘

' . ' y °

g ol \ . . .
~ .This conclusion appears to:be merely an artifact of over-differencing.

“ Inspection of their Table 1(a) [1979,p.54] reveals that the first serial

correlation coefficients ‘of the differenced series are generally close

to -.500.* In fact, the’average value is -.446.

Y :
* “The statistical significance

f thesge coefficients cannot be tested.



»-

Differencing of the series yields:

-.113 - < 7.

.fThese results can:be.expiained by the foi]owing iheoretical argument

" given by Nelson [1973,p.76]:

¢ . R ’ ,
Assume that Z£'= o+ oy s a time series which is a translated
white noise; that is, it has no significant serial correlation

coefficients at all lags (i.e. oy = 0, ¥k).
’ . LT o /
. LT

(3
]

Zy = Ly q = Up - Uy, for which the correlation coefficients

W =
are: .
\ - | -.50 =1 )
« F :
L 0 J’>] . ~
- -

L4

Clearly, the differenced model Euggests that a first-order moving '

average model is appropriate, even though the true model was a white

noise with constant mean.

Procedure

In order to identify and estimate the appropriétg model by the -
Box-Jdenkins dpproagh, a time seriés. of variances of daily stock
price ghanges.is rehuired. Since thé'Bepkér-estimator.ié biased and °

inconsistent, an estimator which bé]ongs to the MiNQUE (animum

*

quadratic hnb{ased estimator) family, which was develpped by CnR,'

Rao [1970],* is used herein. It is developed as, follows.

., . _ L .
* Rao has shown that the MINQUE estimator has the minumum average -
variance in the family of unbiased estimators.

°

AN
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’ C =114 -
$ . ‘ 2 ' . . - “ -
Define Yj = In(S./S,_4), and assyme that o '
) Y . B+ y wherés - N(0 02) | TL“E ; (13
t YoMt AR A L .
. ‘ " » o . S
' ' . : N
This assumption (**) means that stock price changes«follow a random
walk with constant mean 8 . ,
o |
\ . -f!'
From (}), u, = ¥, -‘80 = Uy - LBO-BOJ
3 U v u
LY )
= U - u
E et
.‘ »
pu s ﬂ ~ R
) 111... 1 .
A - i ‘1. ] ]’.I ) ‘] 4
tr - ‘ N P l " . —.‘ i ’ '
oo Uy = (M Jupawnere M= g = ,
B 111 -
) L oAa VA X , TE
Let I-M, = M: Then uu’ = Muu'M' and E[uu'] = Mo M :
t ) , * p "
I3 k -~ ' "’
e i

-

** Granger [1975] has shown‘;hht:jf t

o

‘\Vt=‘ Z

A s

&

e valuation formuTa

*

[D*t '{]/[Hr)]] holds, where Dt 5 i<. the 'expectedidiv‘i{dend at-

/ ) o o . . ) s
time t and r-is the interest rate, and if the value and price of the

?

security are assumed equal, then the rate of return is a cohstant’

plus a white noise.

¢

..

. .
. “
1 . 1
\ .
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=
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ft\follows that, o= M. u:'

' - L

. s N

r

“A01early\(3) gives, a time- series .{oi}

¢
~

time series of residuals {uﬁ}

- ‘espimaging'(1).'

A ’ + £ A
.

"
Q
—
-
=
n

) :‘ Now Tet n =E (U) - U . fherefore,'from (2)

= Md +n ,;A\from which ':

N
i=]

2 T
'(mij ) where‘ M= (mijg,

<

»
. ! ‘

SN
=] ‘ )
.y which was obtained by -

T

the following.obtainss - -

+

(2)

»

. ;orrespondiné to‘the
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e =116 -.

Y

A sample of 20 securities is randomly fselected from the total -
of 33Isécgrities 1istéd on the TCO (see Table 4.7) Daily closing

. prices were recordéd for each stock for the 3 month period, beginning -

2 May to 28 July 1983. The correlogram of {§i} 151- is now

estimated for each of the securities for -k lags, k = 1, ... 10.
- ' :

Under the,nu]T hypothesis that the true order of procéss is q, the_.'

-

following criterion may be ejjp to test the sigrificance of’ ry:

\J

. Y ﬁ . .
- 172 > 1.96 for j >q -
. ‘l« . 2 / . . )
l_/—N(HZ g ri), ot - L .

‘The results are recorded in Tables 4.8 and 4.9 for.the series

N - ‘ N. . ’
{Oj} j=1 and -{ao,} . o5 s respecgjve1y.‘
. f :
. I . -
Discussion of the Results *
. Except for Seagrams Ltd. and Moore Corp., all thq'Securities in
Table 4.8 had insignificant correlation coefficients for lags k'fjJ,...fO. ™~
. In fact, the value of ry at the 95% level of. significance for ‘ l—r"fﬁi\\"
N ='66 was -.2530. Hence, the daily variances for fhe remaining 18
securities probably follow a process which is a white noise with \
constant mean. More specifically, ‘Ot = oty “where )

ut;N(On.cS? L A A
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— - TABLE 4.7

DATA SET OF SECURITIES

1. CAMPBELL RED LAKE

2. DENISON MINES | ,
3. DOME MINES ‘ B
.4, HUSKY OIL '
5 INTER-CITY GAS
6. - "INTERNATIONAL NICKEL ‘
7. . IMPERIAL OIL . B
&~ MOORE CORPORATION
9. - MITEL .
10.  NORCEN RESOURCES
1. NORTHERN TELECOM )
2. RANGER OIL ' . b~
13.  ROVAL BANK L
. 14, SHELL OIL
15.  STEEL COMPANY OF CANADA
16.  SILVER BUILLON ﬂ
17. - TORONTO DOMINION BANK
18.  TOTAL PETROLEUM
19. “ TEXACG CANADA

o

' 20.  SEAGRAM'S LTD.
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If a regressi%?’is run on (1), and a sample of size N is taken,

L]
then the optimal forecast of ON+] would be a . For Seagrams, the
tentative model is -
op= a+B o, q*u (2)
Thus the best forecast 1% op . = 2 Finally, for Moore Corp,
" ) s ]‘B '

the tentative model is:

[N

7" ' .o

op = at Q %t-2 tuy 7 (3)
: ' which is based on the ebservation that ro =" ,3238 is significant at
- P ‘ . ' ‘ .
o = .05, \ oL ' -
’ .If model (1) is true for the 18 securities mentioned above, théh

the autocorrelogram of first differences should yié]d serial correlation

. ¢ coefficients which are not‘gﬁhnificant1y different from -.500 . This

Ny is exactly what is found in Table 4.9. In fact, for each security
j» 3=1.,..20, the null hypothesfs, 'Ho: p = r.ébo cannot be
- rejected for' o =,.05* L \

/’;’._‘_\/’-\/

* We add that the values in Table 1(a)of Capozza and Cornell [1979,p.54]
have the same characteristics as the values in our Table 4.8. More
specifically, the first order correlation coefficients of the differ-
ent model are about -.500 and ihvariably cut off at lag 1 in both
of the tables. Hence, the assumption by Copozza and Cornell that a
first order mov1ng§average preegess for the different serigs is’

-appropr1ate seems” to be 1ncor since it.appears to.be dug to-over-
differencing. ,

o :
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The results, after estimating models (1), (2) and (3) are presented

- e

jn Table 4.10 . oo , NN
oy

-

. #The models (1), (2) and (3) were estimated as fo1lews Usine the
estimétinb procedure discussed abeve, {o } was .first computed by the
MINQU@ est1mator and then OLS was used on the models. .
‘The results are presented in Table 4.10gL. Severaf" outliers were =~
®resent, where an  outlier is an obs yeq, gt ralué which |
fails to confirm to the assumed model. - In- fact, 1if model
(1) givenaby 0y = -d + My is\eétjmated) and St is plotted against
the actual of, then an out]ier1s represented by~a significant deviation,
or E(c;t - °t) = (ut) # 0. The nature of the probWem is illustrated
for ‘Mitel in ?iggre 4.1 . A possible explanation for the ‘occurrence of
outliers is that,a time series might be subjected to an unanticipated T
shock due to, for example, the arrival of new information.  For exam}le.
the large--outlier in Figure 4,1 s due to a drop in Mitel's stock
price from $22.38 on Friday 10" June to $17.63 on Monday 13th June 1983.

‘This was attributed to the negative impact caused bylihe sudden terminat-

jol¢of IBM's letter of understanding with Mitel. ° . \

In such case§9°Weisberg f]gso,p.ll3] states that:'”one is pro
:justified in eliminating the case from the dege set and estimating the
regresmion model without it".” Thus, a prodedure given by Weisberg (see:
Abpendix 4.2) in order to 1dent1fy and significantly test for outliers

was used here1n The resulis obtained from using th1s procedure can be
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QZ TABLE 4.10 -
’ Estimation of the Process Generating Daily Variances
STOCK MODEL Estimates of Parameters # of outliers ' 0p
CAMPBELL  ag,=a+ u o = .000488 * 3 0221 .
R t t [5.35]
. . A .
DENISON' c,=a+ y a = .000159 1 : .0126
, Lot t [4.17]
. - . A
DOME . o.ta+u o = 000721 1 .0269
bt . L4731 : .
I P & = .000196
HUSKY OIL | %at @175t A [4.02] 0 .0285
’ GaTeaty |7 00003
INTER CITY o, = oty a = f0029% ] 0172
R 5.60 , , :
IMPERIAL 0, =atu a.= 000295 o 0164
o t ot . [6.5213.'
' _ o = .000218 . ' . .
MOORE , Ut 'a+60t£2+ut A [3.]9] .0 .0] 22
. 8= .3172
" [2.47] .
[ A
0,t30,+uU o= .00240 ‘ :
MITEL et ' [4.51] 2 ™ .0265
- A -
Uzt’°z+”2t o= [302;15)'2 —
A ’ . '
INCO Ot-a+ut a y [209337 V R .01?8
A o y
’NORCEN 0 =atu, Q= [gogw 0o . 013p
NORTEL 0 matu, o = f00049} 1 0221
~ 5.811° : . '
RANGER LR G = toooec}m 2 . .0286
: | 4.30 :
A
0 .= +u Jo.= .000309 . : '
ova gk, |t e O A [5.01] 0 , oM
« Jo ,=a +u e = .000123 ’
at 2 zt “2 [3.7]] &
SHELL LT o = .000155 2 0125
‘ P 48] |
STELCO 04 =0+, a ='t0001§4 0 .0120
T ' 5.67 '
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~—TABLE 4.10 (continued) .

™

Estimation of the Process Generating Daily Variances

s,

STOCK © MODEL . Estimates of Parameters ¢ of outlines 8R
SILVER 0, =orhu, . & = .000373 2 L0193
: [5.83] :
TORONTO DOM o, =cr+u & = .000200 3 0141
t ‘
. [e.82] - .
TOTAL PETE o =otu, & = ,000489 2 .0221
‘ - [4.61] © o
TEXACO o =atu, & =..000245 ) 0 0156
] [5.03] “ ,
" & = .0002136 “ *
SEAGRAMS . 0 =ortBo,_ +u, {,  [3.33] : 0 .0176
: | B .3025 B C
U [2.447]
— o
. N
* ’
) .
- s
' . ',
-
’

P
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summarized as follows (seg Tables 4.10 and 4.11).
First, when no outliers and model (1) is assumed, the forecast

$+] is given by Gg = o . This value is almost @

identical to the value obtained by first assuming that the historical
: X T.

variance is constant and then calculating oﬁ = [ (ot-5)2/T-1 .

For example, Texaco has no outliers and no shifts in -the variance. -

~

value of ¢

Thus, for Texaco, o, = &+, and SR = .0156 while GH = .0155.

o

Second, when a shift in the variance is detected and verified

~

by an F-test, the best estimate of the variance is the value of «

obtained from the last shift. For example, the following is obtained

for Husky oil. - =
Oyp = 0 * Upy t=1, .....7. 30 .
Al '/
Opp = COo ' lyy t=37........ 60
. | /
. -/ ‘
This is based on an in§pection,ef the residuals of tRe model
. «F £ ~ ,
oy = at+uy  t=1, ... 60. In this case a; = .00196 # a, = .000813
: o (4.029 (5.63)
Thus, 8$+1 is forecasggd as Sg = &2; that is, as the most recent

mean value. Third, outligrf are eliminated based 'on the assuhption

that investors will on]§/act on new information which causes a substantial
deviation from past trend after it has been confirmed.~ If a new level
‘of varfances is established after the arrival, a shift has oécurred.

prever, if the effect of the random shock was onply transitory, then the

A “ .
14 . . ' .
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system will return to its origin§1Apath. Henée, these outliers may

be eliminated in the estimation ﬁrocedure This is the methodoIbgy ’
adopted herein. Before discussing the implications of the above - -
procedure for option pricing,-it is important to note that for ' '

m‘331s (2) and (3), the OLS est1mates of « and 8 and the fore-

casted value, og . _a , are all given in Table 4110 ”

1-8 .-

Black-Scholes Forecasts ' .

Option prices for at-the-money options will now be forecasted for

each of the underljing secufities considered. The main reasoﬁ for_}his' .
se]ectipn 1s¥;hat past studies show that the B-S model *performs very
well for re]afive]y short-term at-the-monéy qptions. Alhe ?orecast.daie
is July 29, 19§3 and 3-6 month options are considered. The results are ~ \\
. " . T \
summarized in Tabte §.11. -Bid and Ask prices for the respective options v *
are shown and forecasts within this range are considered acceptable.
To facilitate easy interpretation of the results naote that: \
'SA' .= closing stock pr{cé on forecast date;
' . 2 N ) .
< OH = y - .
T-1 ( . K | - -
og = forecast value by a MiNQUE-tybe.estimatori
: —e AN
E. = exercise price; '
ot
T \
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»
CAsk ‘= ¢losing ask price of the option;
- \ <L ,
- * .
CBid = closing bid price of the option;
~ . ’ ‘A
._CH * = forecasted price via B-S model using Oy 3
CR =  forecasted price via B-S. model using SR H
- r(3), r(6) = 3 (6) month - T Bill rate of .0924 (.0959)

~

on July 28th. _—

The'generaT conclusion is that Op leads to a better forecast ..

~

val@e than does o,  in the sense that ER lies between Cgp., and

C more often than CH . Note that .the implicit assumptfon is .

Ask
“that observed “BL{\? prices are the correct option prices. ' Tne
procedure ‘used herein generated unb1ased estimates of the daily
varjances. Hence, since the presence of outliers could be detected

.;,_zﬁé;r effects cou]d be m1n1m1zed. This is not possible.when computing
SH . Consequently, gH is generally over-estimated when oumiers

: ér€ present and the B-S value of‘ EH is toohigh. 'for examnli, in

the case of Campbell Red Lake (CKK), the bid-ask spread was $4.50

.to $4.63, dH va]ue was $5.19. However, with the eljmination of éhe,.

" outliers, o = .,0221 and CR = 4.66‘. A similar result occurs for

" INCO. When g, = a ¥”et is esfimated with outliers presentﬂ

‘[e.é. €gq = .0035 is a §ignif1cant outlier], then &'= .0193 andﬁ
¢;/ ;R = ,0193. This compares well with ;ne:h{storitél stdndard‘deviatipn

s
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TABEE 4.11

ices
k-Scholes model. [July 29th, 1983 is Forecast date].

'3

Pr

jon

N

ictioh of Opt

Blac

1
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~a
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v . : .
of °H = .0194 . However, when the butlier is eliminated, bR-= .0178

and c =, $1.36". Although the bid-ask spread was $1.35 to $1.60 .

R
seems to be a good forecast s1nce the last trade was $1.25. Thus,

A

g

the genera1 nature 6f ‘the resu]ts is that the h1stor1ca1 variance ,

- A

1nvar1ab1y ]eads to an‘overest1mate of the option price in the

O om—t

H b ]

'presence of.out1iers. The estimate, Op s d2ve]opéd herein, consist-

ently resulted in better forecasts of the observed option priée.

NG

-
-

: N
In this chapter, a number of significant results were obtained.

3

\ , ' .
' “First, for\monthly gloging prices on the‘?gg‘for the‘ieriod
]970 - 1979, thé’émparica1 distribution of stock price changes is

e
approximately normal.
- _‘ R CLN ' o\

Second, for daily stock prices on th& TSE over a sample period of 1

year,. the empirical distribution'was found to be]ong to the symmetric

" stable Paretian family. w1th an average charactertst1c exponent of

‘approx1mate1y 1.4 .

of the market rate of return .

>
-
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, . \{
Fourfh,‘daily varianEe [for the 3-month period 2 May to 28 July |
1983) of 20 securities Tisted on the TCO are generally a white noise

with a constant mean.. Howeyer, some correlation 1n'the time series

" of daily variances was found. Also the presence of outliers inA{ot}

makes the historical variance, cﬁ , hsuitable, in the sense that

-

investors, if they are using the B-S model, seems to discount

once and for all "blips" in the variance series, A MINQUE - type
estimator is developed herein, and the B-S model, using gﬁ

-

o provided very good forecasts Of 3-6 month at-the-money optioﬁs v

on the'Toronto Options Market.

ol \_/\'~ ...
.
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APPENDIX 4.1

t

The Beckers' Estimators: A Critigue'

4

?
“In this appendix, it will be shown-that Beckers' estimator for

thé daily variance of stock price changes is biased and inconsistent.

?

 Let St = closing stock price at time't
Xt = 1n(St/St_]) .
Ut‘ = Variance of Xt
Beckers assumed that o, = k S, 4 2 0<ac? (1)

L]

This.assumption is based upon his argument that the variance of
stock price changes and the level of the stock price itself are

inversely related. For a_=2, .oy is constant'and the usual
. N ds , : |
.Black-Scholes dssumption (i.e., _T?E— = udt+ oduw , where
. t v -t
wy s a white noise) is obtained:
/ ‘ .-

From (1),' the following is obtained
I op Ik (50 sy (2)

In order-to estimate (2), Beckers used a familiar theorem in’

statistics: |

o



Theorem: .

2y 1/2

Let X m'N(u,oz),such that u = 0. Then EIXtIf o, (5

The proo? of this resu]%,is rather straight forward. It is found

T

in Beckers [1980], Appendix C.

. Using this theorem, and the fact that

E|X¢1 ='|Xt| e, equat1on‘(2)‘b§comes

Ve

e

=2+ b (5,4) . @)

n (Ix,] +e,)

) ’ ) £y .
where a = 1In (3%) 172 , b= 952

Howevers n (X[ +e,) = Tn [1x |00+ —5)]

™ )
e e St
= In (X | +1In (1 + —
~ 't . Ixtl
. . * X
Hence (3) may be rewritten as: ‘
In X |'=a+bins ;+n (4)

-

Beckers estimated (4) for 47 secufitfés. He obtained signifjcant

negative estimates for 6 of these 38 s%furities. He concluded

' . ‘ N e " '
. that-thi$ supported his hypothesis S and St-l are inversely \1

related.



-
. * Et

However, from (4), ng = In[l+ —

’ - |Xt| T
where E(st) =0 N
X . e

' . % ) .
The expansion of Yog (1+z) = z - %-22 + % 22 ....... , Shows

that  E(n,) $ 0. In fact, it*is easily seen that

YIn s, 2

E(b) = b +E{ - ( 1t
n(s, NS Il 2 x)?

A

+ b is biased downward.

.- -
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APPENDIX 4.2

~ Computation of the critical value of the Residual in the

Qutlier Test -
¢

This appendix identified the critical value, ¢* , of the sef of -
residuals, such that any other resi&uél~ €y > e* is a significant
/_ outiier. The e* §a1ue,isca1cu1ated‘at the a = .01 Tevel of
signiffcanCe. The épproach‘fo1lowed here is adapted frém Weigberg

(1980,p. 113].

-

Assume .y, = o+ BX, *+ €4 . - (1)

. Estimate (ﬁ) by Ogéu and obtain

R . " i |
N & . ‘ -7 T
ry, = where
'c_w ]-V-iqi 3 ’ . . .
)
- ' ~ th . ~
g = i residual ,(yi—yi) s i=1 ..., N
Y
. . , ~
. =~
. 172 X . N . .
5=(f3) T, where RSS = 1 el j
° ' ‘ 1’1 :
i ~ ] ) (X.i'x)z
Vi Nt

= 1
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As is shown in Weisberg [1980], the appropriate test statistie is

-

o 1/2 _ ) )
t = oy (—N—P——]-z—) where | i R
N-p'ri
Q’j ‘ . v . ) ! g ‘:r(
p = no- of parameters to be estimated
(i.e. p=2 as is shown in (1)) _ (2)
' L By 1]

- . ) . Q
This-value is fhen' comparéfd with the critical value of t given in

—

a suita.b1e tab]e'(f‘or example, see Table D on page 264 of Weisberg

-/

- €; > €* , then e, s an outlier.

. [ |
/“_\[1\980]). The critical values 'of c* are now calculated, such that if

From- (2), r12 = N-p)t 5 .
’ ) N-p-]"‘t
' - , ! ./
': ' ]/2 (N'p)tz C e a L h
* _ ~ ) A / 2 . , o
Hence, - e, = (],'Vii) o N-p-1+t€ . , (3)

- So, for a given value of N and p, o and Vii are computed
‘ . :

. and the'critical.value of ‘t(a) i5 obtained from Table D . Next, '
. /—'~/ ' ' .o , -

*x - : *x . - N ’ +
'éi ', 1s computed fw If E5 2 €5 » then. €5 is an outlier v
A at the o% 'Igy,e)/m’ significance. .
Y. oy

o SRR

&J
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~

For example, in the gase of Campbell Red Lake (CRL), N = 60,

n

p=1,1

°

.00258 . Hence, any computed residual exceeding ¢,

’

is identified as a significant outlier at the 1% “level. For
L Q

CRL, the following three outliers were found:

Ld

~ A

-5:4‘ = .00285 , €1 = .00354, §nd €44 7 .90323

R

<3

4.03 for & =.01, of = .000956 , agd V,;.° .01566.

g
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CHAPTER 5 .
, L‘_‘/ SOME_EMPIRICAL TESTS OF THE_RANDOM WALK HYPOTHESIS
- e .. IN CANADIAN OPTION MARKETS .
" , *

Lt

The identification of the price formation mechanism.for speculative
markets for such assets as securities and commodiﬁies is an important
'roblem in finénqia1 economic theory. Specificaf1y, the'qhestion of
whether such.m?rkeﬁs are efficiefit depends crucially on the behaviour of
successive price changés over time. The most wideiy accepté;‘hypothesiSr

" concerning the process of price formation is the so-called random walk
hypothésis. 70 understénd the meaning of a random walk, one can think
in termélof a particle wﬁich'moves in digé}ete jumps over‘time, where
certain probabilities are associated with each jump. Technjcally, a ~f\&*_
one-dimensional- random walk is a Markov chain with state ¢ Z, the.set B
of integers: in-which the particle, if it is in state i, Ean'by one .

Y

transition remain in state i, or move to adjacent states i+1 or "i-1.
In its simplest’ form, one can think of the»part;c1e moving atong a

real tine. If 1t‘iS'present1y in state i, then, for each subsequent

unit of time, it either remains n state i with prébabi]ity P, moves
to staté i+1 with proBabi1ity q. [66 to‘slafe i-1 with probabili;y\
1-p-q. Note that succeiiive movemeﬁts;of the particle are independent of
previbus movements. This is the pa;is of the réndém walk hypothesis,

which states that successive price changes over time aréfﬁndependent and.

L3
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are generited by some random process. The immediate 1mp11cat1on 1s that

_E(xn+]/xo,x],...,xn) =X That is, the expegted price in the next

period 'is just the current price, and so historical prices are of no

value in the prediction.af future prices. As Adam Smith [1967]

.succintly stated it: "Price changes have no memory and yesterday has

nothing to do with tomorrow".:

¢

that: "» o | 5

2
.

.

However, the random walk hypothesis is not inconsistent with

trends in prices oVer time. This can be illustrated as follows.

HEsqhe that Frices follow a random walk at each point in time such

&
-

Prob (S = 5, + 1/

SO) = p and

So) =qg. Lgt p>.5 and q < .5 . Then,

7
} Prob%- - /s
prices will (]ow a ranggm walk with an upward drift. In gereral, the

random walk hYPothesis mdy be subdivided into.two versions. The first .

\

version, of the so-ca]]ed statistical form, was discussed abdbve. It

_states that‘subce ssive price changes are independent over t1me and are

generated by some random process. Cootner [1964], Osborne [1959] ‘and

Roberts [1959] us1ng a time-domain approach, and Granger and Morgenstern

‘ [1970] us1ng a frequency dom;?k approach have all emp1r1ca]1y va]idated /

‘ this vers1on of the hypothes1s

\
—
7

4

The second.version, or the so-called economic version, asserts that

§eéurity markéts are-efficient in the sense that arbitrage opportunities

" based on the info?métion.contained in past prices and past price changes,

modulo transactions cost, cannot exist. In other words, excess profits in

?

i
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the presence of transactions cost, canpot be'consistentiy earned using
past prices and past price charges. Most researchers (e.g. Alexander
.[1961]), in order to test this hypothesis, have devised some mechanical
| trading rule and then compared the return associated with this rule

and 3fsimple buy and hold strategy.

- AY

The validity of the random walk hypothesis for option price changes
is also an important question, because of its close a§sociation wi

the gffjcieﬁcy question. Therefore, both versions of tﬁe hypothqéf: for
options on the T.C.0. will be tested in this cnapter. To date_né sech -
empirical tests'on'options have been published in the literature, although
geabo and Rgga1ski t1975] did conduct such tests oﬁ warrants that were
listed on the NYSE aﬁd ASE. Based‘;n a serial correlation tes{ and an
exact runs test: they found ﬁhat‘a sigqufEhnE negative serial correlation
in &arrant price series existed and that the hypothesis of an unrestricted
random walk is rejected in favour of a random walk with reflecting °

| .barriers The-exact opposite result is found here{n ;or a random

sample of 18 option pr1ce ser1;s on the TCO In only 3 cases’was‘fhé
hypothes1s a random wa]k (i.e. ARIMA (0,1 O)) reaected in favor of

ARIMA (0,1,1). ‘ T
. , .

AR

Next, a test of the efficiency of the TCO is conducted using the
Put-Call Parity Theorem. In the absence of transactions costs, a
signifjfarﬂ:numben of afp%trage opportunities, with profits of a relatively

~high magnitude, are identified.

”~

[N

«+
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In order to determine if these arbitrage opportunities wéuﬂd
persist inlthe presence of tra#gactions costs, the trading costs
for the options on the TCO, and their a;sociated stocks, were then C ‘ ) .
estimated. The estimated trading costs were considerably higher
than those obtained by Phillips and Smith [1980] for thgeU.S.,’
which is prpﬁab]y due to the relatively thinnér_natdggas; the x
capital market in Canada. Using these estimated tradin§ costs
for Canadién ﬁankets, the abnormal profits prgvious]y obtained were

a

entirely eliminated. ' ' .

- 1 4

5.1 Test of the Statistical Form . ' “ >

hl

The statist2§a1 form of the random walk shypothesis was tested

-

as follows.

« -

(a) Estimation of the Autocarrelation Function

v ‘L > 1 N * 7

* For a time series’ {x,}, the autocovariance function is given by
7y = Elxg-u)(xgy;-u), which s the -expected product of the deviations of
1

is the realized value

4
Xy and x. .. from the mean, u. Note that *x/,; )

of the ééries, i periods ‘ahead. Also observe, thaf if, say, two
successive "observations are above the mean of the process, then Y > 0.
“However, fpr purposes of comparing two series, Yi is unsatisfactory

since it is susceptible to changes in the scdMe of measurement. Hence

. .Y o
the autocorrelation’function, Py = ;k— , standardizes the ykis and

B ) ' ’ :
leads to a better means of comparing the two time series. The ok‘s

. _ s ~—
aret usually estimated ‘as follows: “ . @

s
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&<

Let C, be an estimate of v,, and {Ot} be a time seriesﬁof‘

option prices associated with each stock. e )
. l ' - T ‘
Define Xy = n (Ot/0 .), and Xy = ) I Then,
. t-1 t=1.
w . . '
(= L0 T (-0 (n - O )
= = - -x)].
k= T 5 pf Ut t-k

s . N

Finally, “;k, which is an esi}mate of oy » is“given By re ® %i R
k= 1,2, ...i . For afstatioﬁary normal process, Bartlett [1946],
AR ‘ ‘ g A

' 2 kel 5 ~ e
has shown that; o (rk) = T,£1+2 tzl rs ). Thus the statistic

r o s
tr = —51?57—- is used to test for significance.
. k * ‘

/

\ . ) LI
n O y
'

A\

A'sampl,e of 18 optj’ons were randomly selected from a sample™®f 7\ <

stocks listed on the TCO. These securifies are Canadian Pacific,
§teléo, Bank of Montreal, Dome Pete,blNCO, Noranda and Gulf of Canada.
The samplig period Whs 1979-1980 and only options with at least 95%

*

trading frequency were considered. When no trade in the option

occurred, the average of the closing bid price, PB’ and the closing *
A

ask price, Py, was used as a eps*x‘fpr the true price, P. That is,

WPy o

= _A%*E_ The implicit assumption here is that the. random variable,
\',/ A 4 ’., 'y

P

e, &

/‘-\\\ -
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'P,' is distributed uniformly 6ver the, interval [PB,PA], go that
“E(p) = (PA + PB)/2 and Var (P) = (PA-PB)Z/]Z. When trading in the
option took place.:?he daily closing prices were recordeéd. The sample

of 18 options are identified in Table 5.1 .

Empirical Findings

The results of the serial correlation coefficient test, wh#ch are
Msted in Table 5.2, are summarized as follows. For each time series,

the estimated serial coefficients were éomputed up to 15 lags. This

totals 270 coefficients for the 18 option series. But only 10 were
significant at the 5% level of significance. The implication of this

result is that the null hypothesis of an unrestricted random walk

cannot be rejected.

Based on this hypothésig, it is expecteH that the ARIMA* model
(0,1,0) or Cipq-Cy = Wy where W, is a white noise, would proyide
the best fit for the series {Ct}: Using the Box-Jenkins methodology for
the identification of a tentative model and its estimation, suitablg

ARIMA models were obtained for each of the option series ~{Ct}.

These fitted models and their associated Box-Piercé Q statistics

(as well as the computed autocorrelograms of the residuals which

indicated that they were white noises) are shown ip Table 5.3. ..

. 4 ) | y
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&

“he general conclusion of this section is that daily closing
option prices for the saﬁp]e selected from the TCO, are gepera;gd
by a random walk process. - This ;esu1t is supparted by a serial

. corre]atfon coefficient test as well as by the Box-Jenkins

N

‘procedure for identifying and estimating the proho§ed model.

“ 'Howéver, fhese results differ from those of Leabo and Roéé{ski
[1975] who féund that monthiy warrant prices on the NYSE and ASE
fq}]ow a restricted random walk with fef]ecting bérriers,

« ;{; <
¢ F

[

’

+ * Details about the identificatibn and estimation of .an ARIMA
model using the Box-Jenkins methodoNogy were discussed in
Chapter 4. .*‘

S

- a
AN ”
R
™~ ', '
. 0N -
B - | \‘
- '

-8 .
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TABLE A

The Sample of 18 options on the TCO which were used in the s ¢

Test of the Stdtistical Form of tHe Random Walk Hypothesis

. s .
Security . E ' t, ty " N
« | (Ticker Symbol)
oM 3B 3/21/79 10/19/79 136
2. DM 60 1/21/80 10/17/80 158
3. DMP . 80 8/31/78 . 11979 88
4. N 22.50 2/19/79 11/16/79 160
|5 N 20 . 5/23/78 . 2/16/79 175"
6. N 22.50 §/22/78 2/15/80 168
7. "C.P. 30 3/16/79  °  8/17/79 93
| 8. cp. 2250 - 8/ 4/78 2/16/79 106
9. ¢P. 30 - 3/16/79 11/16/73 1274
10. NOR 40 . 10/6/78 5/18/79 126
1L NoR 45 1/15/79 8/17/79 120
12. NOR  20. .- 8/23/79 2/15/80 117
13. STE 35 6/21/80 - .  11/21/80 ©o67
4. BMD 35 - 8/21/78 5/18/79 185
15.8M0 25, 8/18/78 2/16/79, £ 109
16. GOC 24 12/17/79 5/16/80 93
17.60C 110 9/21/79 2/15/80 100
18. 60C 100 .. 9/13/79 2/15/80 105
E = exercise ?rice; t, =.starting dqte;‘tl‘= exercise date;
N ="sample size.

'
i :

b
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Table 5.3
Y

option series in Table 5.1°

.. Results of the Box-Jenkins Procedure to e§timate‘the

*

number of autoregressive coefficients;

~degree of differencing;

pl
d
q number of moving average coefficients.

k

o,
# S o ARIMA (p.d,q)* . Q Statistic
1 | (0,1,0) 29.50
2 (0,1,0) 3345
3 (0,100 - 14.67
4 (0,1,0). 22.78
5 - (0,1,0) 24.78
6 - (0,1,0) ©29.97
7 (0,1,0) .7 21.43
8 - | (0,1,0) 23.90 ‘
9 \\y | (0,1,1) 33,10 \\
10 ,. SN (0,1,0) 28.12
mo T (01,0 40.04
12 . (0,1,0) 24.64
13 -~ {0,1,1) 14.29
14 T (0,1,0) 21.45
15 : (0,1,1) 19.74
6 © Y {0,1,0) 19.04
7o, o (0,1,0) 16.64
18 . ‘ (0,1,0)" 14.21 ~
# refers to numerica]fordering as in Table 5.1 )
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5.2 Some Tests of the Ecoﬁahic Form of the Random wa1k Hypothesis

~

The economic form of the the random walk hypothesis asserts that
seclirity markets are efficient in the sense that arbitrage opportunities
cannot exist when transactions costs are considered. In order to test

this form of the random walk hypothesis, most researchers employ some

filter rule stratedy and then assess the returns generated from usiﬁg the:

s@rq}egy with those obtained from using a simp]é buy and hold stratégy.

\\,’ o , )
A different approach to.testing this hypothesis will be used

herein. In particular, an approach will bg used which is similar A"
that used by Frenkel and Levich [1977] for the foreign exchange markét.
They tested the infgﬂg;t parity (IP) theory %n order to detect any
unexp]oited'profit opportunities. The IP theory states that:

E§§ = ¥ » where F and S '

are forward and spot rates, respectively; i is the.domestic interest
rate (e.g., T-Bill rate); and 1i* is the foreign interest rate.
A]though Frenkel and Levich found that dev1atlons from the parity line
‘ ex1sted they cou]d not be exp]o1ted in the presence of transactions

r

costs. Thus, the hypothesis of market efficiency could not be rejected.
We will éiéo test for option market efficiency by émpo1ying a
similar parity theory. This is the so-called Put-Call Parity Thearem

7ﬁ§tﬁwas formulated by Stoll [1969] for European call and put options



the period [t,t*].
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"on non-dividend paying stocE. Specifically, the theorem is as follows:

o, . -
Theorem

° Let ‘S be the price of the. underlymg secumty at time t .
Let Ct and ‘Et be the call and put price of a call and a put‘ option;

respectively, which have the same expiration date, t*, and exercise

% ‘ ~

price, E ., Also, let r 'be' the® short-term Treasury Bill rate for

!

. * ~ o :
Then Cy-P, = S,-Ee "(t*-t) - ‘ .‘ (1)
Proof \

* ’ ~ '

Create a portfolio in wh'{me 100. shares of the stockare bought ;

one call option contract sold;. one put option is bought, and.

'Ee'(r).(t -t) do'l]ars are borrowed for the t1me period,[ t* t]

Then the initiai cash flow is:-

C, + Ee (e 't) -5, <P

——

At t*, either S_,>E or St* <E. If Sgx 2 B, then-the final cash

t*

- (E-5¢ ) -E+ S

t*‘ 0 =0 ' (2)

"Equation (2) can be'expla¥ned as follows. Since S,‘:"r >.E , the call

option, which was sold at time t , will be exercised and so would

i

involve a cash outflow of (E-St*). The Toan will also be due at t*-

3

~ ° .

.
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i \\\ : N
and this\will @nvo}ve a cash outflow of E dollars. Hence the total

outfiow/'is (E-St*) + E . .The cash infiow‘will resu]t‘?rpm tﬁé*Efﬁék“‘~———~»~

b ]

I X ' ‘Lo
bejng\fold_for St* at t* . The put option which was bought will

. be wgrthless at t*, since $§,, > E .° Hence, the total cash inflow

t*'; 0 . Thus, the total net cash flow is 7[(E-St*+ﬂf-[st*}0] = 0.

. ~ /
‘ Similarly, if- Stx < E, the call option is worthless at tf‘,
and thesput option.is worth QE-St*, at t*. Thus, the net cash f1ow1‘s':

0+ Sp# (E-Sp)—E = 0 - (3)

.

Thus, in all states for “St at t*, the final value of the portfo]io

which was formed at t is zero. Hence, to prevent arbitragé the initial

cash flow must also be'zero. That is,

c,-5,-P, +Ee TP = 0 or, the so-called Put-Call
Parity theorem, . . \
Cp =Sy+Py - Ee-r(?*-t) must be satisfied. This‘rqsu1t can be o

"interpreted as follows: Pt?’ ;He price of the put, can be viewéd as

befng'the premium the investor must pay in order to %nsure a price

of $E for the stock at t* . In other words, Py is the price of an

r(t-* - -t* :
insurance policy. Since Ee rt-*) s borrowed, then S-Ee r(t-t*) is ’.

-r(t*-t)

the margined value of the stock. So Gy o= Pt-S+Ee can be

interpreted in words as: A call.opt{§n is equivalent to an insurance

policy plus a margined stock.
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' 4

.-,'Mertqp [1973] modified (1),

by showing that. a sufficient®condition

for a rationa] tnvestor not to pre-exercise the call option before T* 4

' '

is:

e[1-e(t-t)g d;

-~

-

(4)

.

where ti is the ex-dividend date and. d'; is the dividend payment

announced for each i .

4

. If the stock pays no dividends, con,d1 tion (4) is always satis¥ied,

and pre- mature exercise is non- optimal. Merton also argued, that, even

in the case of non-di\g’dend paying.stocks, early exercise is a possib-

ility for puts. Then, relation (1) becomes:

Pi + St < Cp <Py +5;-Ee

t-

J

-Y:(t*;t) " )

~

N

There are three pubhshed empirical tests of the Put-Call Parlt,y__tbeorem

Sto11 [1969] tested equation (1) foma sample of ten frequently reborted

)

opt'ions on the OTC market. His resu]ts, based on weekly prices over thé\

" peri od 1966- 1967 were consistent w1th the theory Unfortunate]y,

however", unlike an established-SGetion market lTWé‘th’é—‘TCO“, —options

‘ ,on the OTC are adjysted to incorporate cash dividend ,payments. Gould

and Galai[1974] tested the right-hand side of (4) for the special case

A

where St = E-. Their results for the peri od 1967 1969 supported the

b
profits. Finally, Klemkosky and Resnick
options for the period 1977-1978.

]

s s oa

‘efficiency hypothesis, ah:hough exchange Cmbers .could obtain abnormaw

979] tested a sample of 606

In thr test, known dividends were.

\

w



2151 -

assumed and earYy exercise was not rational. Their results also
[ 0

supported the Put-Call Parity theorem. T

Gould and Galai [1974] concluded their paper by stating: "assuming
v . “ i
that the COBE and similar options markets that may come into existence in.

the next few years provide mere information at Tower costs, it will be

.interesping to see if greater efficiencies are achieved in option

-trading'™. Now that the TCO exists, traded option prices are available

for both Canadian calls ‘and putg.' Thus, a re-examination of the Put-Call

_ Parity‘theorems using different (i;e.,iﬁahadian) data is possible.

%

0 separate estimations will-be Eonducﬁgﬁdﬁsrein to test the

Ko,

Yo

Put-Call Parity Theorem. First, in order to be able to compare our )

results with those obtained by Gould and Galai [1974], inequality

C. < P _+5S, - Er’r(t*‘t) is estimated for the case, S, = E . The
inequality can be rewritten: ,
*._ ' : + “\‘
P+s?§.u rit t’] 3 . (6)

Second, the inequality (5) is estimated for ;he.cdse Stf E.

Specifigally, the following is"estimated: - : <
: | ®
oo <0<, where
b ) - S a Y‘(t —t) - , .
Oy = P§+St-§ » and Bt Pt+st Ee ) “, C
\ ’ ’_*,,,/

e | .

»
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Note that t put price at time t

N avl
it "

t stock price at time t . L ’

o

¢ = ¢€all pgice-at time t

(w)
1

short term Treasury éi]] rate annoukced for the

r =
period:[t,t*], which is assumed hgrein to be
o constant on a weekly basis; . | /’
t* = ‘expirat{on dq}e of both the cald, and but pqtions;
and - ' , ' | . s .
E = the exercise price of both the éa]1 and put-optéons
o o ) | |
Data for the First Estimation | L

Y

(o] \
"For the 3-year period of January 1, 1979 through December 31, 1981,
all pairs of calls and puts with equal éxeggisg,pnices_and the—same —
. expiration date were randomly selected for the fo1iowing ten sto -Bank

“of Montréa], Bell, Canadian Pacjfic; Dome Petroleum, Gulf Canada, INCO,

‘ -

Noranda, Royal Bank, Stelco and Hiram Walker Resources. As indicated in

Table 5.4, this resulted in 413 pairs of put and call options.

/

The Put-Call Parity inéquality in’(6) was derived under the

: !
condition that the American call was identical to an European call

’

{i.e.; early exercise i§ not rationat). Thus, a correction must be made

for dividends, since Merton [197BJ'has'shown that call options can be
,optimally exercised just prior to the ex-dividend date.if the. dividend

is suf??cient]y large. Thus, hedges were formed for each pair of

oftions between the ex-dividend dates and the terminal date. ‘The cash
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Dt' Values for First Estimation H(St = E)
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TABLE 5.6

¢

Q

.0082 .

.0006

)

-

0114 -.0279 L0310 | -
-.0084 0119 o2t - % o .0246
L0185 L0219 - -.0002 . © .0008 0022

///'.0363 - +0005 -.0298 .0040 .0008
.0238 0052 ~-.0153 .0059 . L0159

-0z -.0015 - 0136 -.0006  -.0226

0068 -.0003 ©.0078 - L0179 . 0306
-.0138° _0865 - . L0126 0168 0267
0333 SoN3 o 0169 '0130 0288
.0249 -.0154 -.0062 ,¢ . -.0079 .0114
0163 "..0244, - -.0199 -.0184- .0170
-.0047 0228 0148 -.0042 .0455. |
-.0461 .0180 ~ -~ .0183 -.0463 0105
-.0120 - .0061_ . -.065} -.0042 0324
-.0069 0056 .0159 -.002] .0138

. -.0039  -.0082 -.0076 0093 0635
.0099 -.0006 0265 . -.0097 .ozgs'
.0070 -.0150 -.0140 -.0010 .o7é1
-.0133. 0007 20105 0217 .0805_"7
0068 0009 o9 .oégo -.0035

e
~u(py) =, -.0051 “min (D) = -.0865
" oo(D) = .0229 .. max (D) < .0363 K

~
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© 413 pairs of options,

Wl al
TJJ

1

dividends and the ex-dividend - dates for each of the ten stocks over the

three year pefﬁod are given in Table 5.5 . To illustrate the sampling’

. procedure, consider the case of INCO. “fable %4- shows that there were

twd pairs of options for INCO that ended on 19 May 1979. However ,
Table 6.9 indicates’that 26 Aprif 1979 was an gg—dividend date.. Héhce,l
only the data points from 27 April to 18 May 1977 were used. Thus, since

~ . ' . .
over this period, the call was identical to an European call, inequality

(6) was the,apprdpriate relationship to estimate. ¢

t

A}
¥

|
However ,several instances were observed in which there were, no

Simu]taneqys trading; that is, the call was traded but the put was not,
and Qicewversa. Thus, th&sg éamp]e points were eliminated. Thus, for the

hedg®s for which S, = E were ‘formed.

~ &
¥ , i

Empirical Findings for the First Estimation
A M . — -al

' -
For each of the data points, the following%was estimated:

Dy = €, P, -5,[1-e "1 1f the estimated D, > 0, then this

t t
would imply that the put-call re1étionship was violated and Qrbitrage
opportunities would exist. The results are thown in Table 5.6 for

a randomly selected sampie of 100 values of Dt .

Since Dt >0 for 42% of the data points, this indicates that
the Parity Theory is violated fairly often. L .

However, the average value.of Dt’ for which Dt > 0, is only .0137.

l



‘” _ | - 157 *
Thus, the average arbitrage profit for these particu;ar daté’boin;s is
$1.37, a neg]igable’iwggqgsiq the presence of trading costs. Thds,un]ike
the empirical ;égﬁi£s obtainea by Gould and Galai [1974], the results
presented herei& reveal that the efficiency of the market is supported,
since the very small arbitrage profits which are identified nerein woutd

be neutralized by vefy small trading costs.

——

Data for the Second Estimation

-

Since the conditjon‘ S =E  no Tonger applies,
hedges can «be formed .1nvo;ving ithé underlyt™y security
and fhe as;ocjated put and call optiohs. For this reasoq, the time
period considered is January 1 through June 30, 1981. A1l pairs of
calls and puts with equa1>exercjse pricés and the same exg}ration date
were selected for the following 15 stocks: ALCAN, AQUITAINE, B.P. CAN,
Bank of Montreal, Canadian Pacific, Dome Petro]eﬁm, C.P. Enterprises,.
Gulf Canada, Imperial 0il, INCO, Noranda, Shell Eénada, Total Petroleum,
Hiram Walker and West Coast Transmission. Since a potentially large
number of hedges could be formed for_eqch stock, a random selectioh of n
hedges were formed for each stock where 30 < n < 50. . The actual number

of hedges formed by this procedure is given in Table 6.11.

-

Empirica1'F1ndings
The empirical results for the second estimation‘fﬁr each of the

15 stocks are given in Tablg £.7. The number of violations of the Parityn

Theorem ranges from zero for Alcan to 23 out of 30 for Total Pete.

Furthermore, for the cases in which C,-B, > 0, the avérage value

-

/4 ”
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TABLE 5.7
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Results of the Second Estimation of the Put-Call, Parity Theorem.

gl

STOCK # of Hedges # (ct:>st) Mean (C, > 8,)
ALCAN 38 0 - 0 |
AQUITAINE 38/ 0 1568
B.P.CAN. 37 .14 1227

BANK MTL. - 40 17 2386

C.P. 37 . L1135

DOME 42 18 1844

ENT. C.P. | 35 6 6947

GULF CAN. ¢ #- Nn 1922
IMPERIAL OIL "4 | 10 2117

INCO B RERY’ 3000
NORANDA 48 17 .3363
SHELL 35 ‘16 123
TOTAL PETE 30 23 2892
WALKER 30 18 .0963

WEST COAST 38 .16 .1028

(1) w = $39.63

(2) The sum of # (ct5$rs; '
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ranges from .1227 for B.P. Canada to .6947 for Qaﬁad{an Pacific.
For the overall sample, 140 deviations, of the type Ct'Bt >0
(or 36.8% of the total sample) were observed. The overall average
deviation was $39.63f ‘Thus, not only many pkofitab]e opportunities
éxist but thé actual average profit (before trading costs) can be
quite large. To determine if these profits still exist when trading
costs are fully accounted for, it is necessary to estimate the size
of trading costs for the Canadian market.

However, before proceeding to sucﬁ an estimation, the case of
Dome Petroleum will be studied further. The primary reaso% for doing
so is that Dome Petroleum paid no éash dividends over the entire three
year period, 1979-1581. As a result, the options written on Déme stock
are equivalent to European options and sojpre-exercise would be
irrational. Data for 110 weekly hedges for Dome over the period are
recorded in Table 5.8. The mean arbitrage profit is $83.90 per
contract'for those cases in which.the deviation is positive. To

determine why such a large average upﬁérd dewiation exists, the Put-

Call Parity relationship was estimated by OLS. Specifically,
« , -
C= P+S- Eexp(-r(t*t)).
L
"Let K= Eexp (-r(t*-t)..
- /\

. , C -
Then estimate: ¢ =.o  + ay( P/K )+a2 (S/K-1).

For the Put-Ca]] Parity Theorem to'ho1d, o should equal 0.

&
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TABLE 5.8

Results of the Put-Call Parity Estimation for Dome Petroleum

(a)
Year” 7 of Hedges “E t* ?(Ct<dt) #(dtSCtSBt) #(Ct>Bt)
1979 13 45 119/10/79 4 0 9
- e 13 50 119/10/79 2 3 8
1 1980 19 50 |18/07/80 0 N 8
1980 25 55 118/07/80 0 13 12
1981 - 21 20 |16/10/81 3 8 1 10
1981 19 25 [16/10/81 2 4 12
Sl 0 o | 39 60’

(1) = (Ct >Q¢'t)5'number of hedges for which Cy > B ie upward violatiorn

" (2) Mean = .8390"

«

(c 0> Bt)
(b) C/K = .2of7 + .9896 (P/K) +1.003 (S/K-1) ’ ~
(2.678) (16.782) (43.959)
RZ = .9844 « '
D.W. = 2.079 5
2 ' _ |
’ .. \'\‘\\ \ '
» \\\.
. . ~
' N
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. The results, given in Table 5.8, show that: .

.C/K = .2017 + .9896 P/K + 1.003 (S/K-1)
(2.678) (16.728)-  (43.959) @
9844 ' a

R2

-

D.W.

il

2.079
Since a= .2017 » the hypothesis that, - ‘
(2.878) J . ' , .

Y

a, = 0 is clearly rejected. Thus, on average, calls on Dome
Petroleum are over-valued by $20.17 per contract (for 100 shares).
Also, since K = E exp (-r(t*-t), then S/K-1 > 0 means that S > K,

and that the call is in-the-money. The coefficient, a, = 1.003,
_ (43.959)

indicates that the calls move approximately "dollar for dollar"
with the stock when the calls are in the money. This could
account for the over-valuation of the calls-and for the violations

of the Put-Call Parity Theorem.
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5.3 Estimation of the Trading Costs for the TCO

. Several empirical studies, including those by Galai [1978],
Chiras and Manaster [1978] and Trippi [1977], have found abnormally
high returqs from hedges and concluded that the options market is

inefficient. However, Phillips and Smith, by estimating the trading

costs™ involved in dealing in stocks and options on the U.S. markets,

have shown that such superior returns do not exist when trading costs
are considered. Hence, to conclude that the market is inefficient'may.

be unjustified. As Jensen [1978] noted, market efficiency implies

tgat economic profits from trading, net of costs, are zero.

Before procegding to a discussion 6f the sampling précedure‘dnd
estimation technique used herein, a relatively major flaw in the.
Phillips a mith study need to be discussed. Although they éonsidergd
four different weeks from June 1977 to February 1978, they sampled
consecutive daily prices for each week. Thi§ would almost surely lead
to correlation in the prices used and &hus lead to biased results.
Furthermore, since the U.S. market is mote 11qu1d than the Canadian
market, estimates of U 'S. trad1ng\fosts would m%st 1ikely be significantly.

less ' .than those forethe TCO.

~

——

* Total transaction costs include taxes, trading costs (or the bid-ask
spread) and brokers' commissions and relat1ve1y Targe arbitrage
profits be earned on average. But, given the remark by Jensen, and
the study by Phillips and Smith the effect of trading costs on the
hedge profit potential must be evaluated.

! \
B ®
,
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The nature of trading costs can be described as follows. At any
time t, two price quotations exist for any option and for its under-
lying security. The ask price, PQ » is the minimum price per share or

option contract at which a market maker is willing to sell one round

-

Totgt100 shares) of the secﬁrity or one option contract. The bid

price, PE , is the maximum pficg; at which a market maker is willing

B
t

ask spread, and it represents a cost to the trader for immediate

to buy the security. The difference, PQ S P2, s the so-called bid-

execution.

Data

| For the period.from January 1st through June 30th 1981, a random
ggmple ofI]Slstocks 1is£ed'oﬁ the MSE was selected (See Table 5.7).

' For each of the stocks, ‘options which Qere ﬁe]a;ive]y at the money.
were then randomly selected. Specifically, an optign:was selected if,

at time t, |St-Er'r(t*'t)l < .10 . The other words, the option was

selected if the present discounted value of its exercise price differed

from its. underlying stock price by at most §.10'*. For each seleg¢ted

option, the average intra-day ask and bid prices were recoﬁded.

A
t,i

security or option, then the average ask price,.ASKt, is computed as

-

Specifically, if P7 . , i =1,...n are the n ask prices for a

* We also restrict,C, = .50, P, 2 .50. This is becéuse'Pt, the bid-
‘ask spreéd, is quite small, for low values of Ct’ and so would
distort the average.

'
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o ) ‘.
t ‘.’;.

-

/n. Similarly, for day t,

’ n
) BIDt = iZ Pt ]/n.
L e

This random selection of acceptable data points should solve the

N

corre1at1on -problem discussed above. The fina] sample consisted of

| 515 pa1rs of ASK /BIDt prices for call opt1on§l . 515 pa1rs for put

options and .180 pairs for the under1y1ng securities. For each bld-ask.

‘combination, and for edch call, put and stock, the fo]iowing'were‘then ‘
5 .

0 .
q
L4 »

e .
(1) Cost ($) = ASK, -BID. 4

compyted:
L

(2) . Cost (%) /(ASK - BID,)/(ASK, + BID, ))z

Empirical Findings \ —

- The results of the 2420 estimations are summarized in Table
‘5.9, The Phillips-Smith results for the ¥TS. Wiarkets are also

shown for comparison purposes. As expected, the trading costs

. for the Canadian market are about tW1ce as large as those for the

U.S. market. For‘example, the average trad1ng cost was $35. 14 for
a call contract on the TCO, whereas it wai'$20 .46 for a ca]l
,'contract on the CBOE '

. f
f . .
’ .
- . . .
! . -
[N \ .
. . , -
. N -
P -
. .
f .
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€

Estimates of fheoTrading Costs for Stocks on the MSE and Opiionsvon the

- TC0, an&xsimi1ar estimates (*) for the NYSE and CBOE **

13

Mean Cost ($)_ éké)

Mean Cost (%) o (%)

STOCK (MSE)™ 26.52 . 18.7 86 . .63
CALLS (TCO)- 35.14 ) 17.61 10.48 6.19
PUTS (TCO) 38.74° 12,28 18.77 ©9.05
STOCK (NVSE) 20.46 - .62 -
CALLS (CBOE) 18.23 — 4.51 — ,
PUTS (CBOE) - < -  19.10- — 5.77 — P
(*) These are obtained by Phillips and Smith' [1980].
(**) For the period, trading costs for calls and puts P

are per contract, and for stocks are per round -

lot of 100 shares. s ‘ '

. 2 N , _ . .—‘—“H-’;h—*-’— B rl
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© e wder to exploit the v1o]at1ons from the Put:~ Ca]l Rarity
’ Theorem a portfoho must be created in which a round lTot of 100 ’

- shares of the seg:umty is brought, one call contract is sold, and
.. Hone put optlioh contract is bot{ght. Thus, in order to eff;ect a Put-

! Canvhedge " one must, on a\'/erage, incur .$34.14 + $38.74 +
’ /
4 ! 5263¥ $100 40\Q_ﬁ_tradmg costs. Th1s would completely eliminate

- : all of tﬁ?apparent profit o;jportumtms shown earher in Tab]e 5 9.

(pre-trading cost) proﬁts seem to exist fr‘omy!{tﬁ'aﬂens of the Put-
X }’ T CaH hedge on the TCO these abnorma d#rbitrage profits genera]]y do
”' - ;'« ¥  nhot sover the Very h1gh tradmg costs t\hat exist on the TCO.

§
N |
F .. * ) \\‘

-wwn ‘\ .2 )
. fl,"/

. s, . . . , "‘ ’ _’ ? . . LI ¢
- CONCLUSION R S ( ‘ , o,
' Ca ::'l:h‘ "'a Tusions of ' I
- i major conc sions o ‘this chapter ane,
n ') Y i , e J 4 . . ‘p ? P\:Q s

(a) Based on & sample oﬁs\ 18 options, rand

L
’l

/l_y se]ected from a,

6

prﬁcess + This resu]t vf’upported by & serial corre]atfon
. . . "
N coeff1c1ent tist/avweﬂ as 1 Box-Jenkins procedure for,

2

R ‘7' ) 1dent1fy1ng and imatmg the under]ymg mode] This result

\ [
(
, by e,
l 15“1n contrast’ to the one by’ Leabo and Rogalsk1 [1975] who

e \ . found the #osmg monfh]y prices on- the NYSE and-ASE fonow

/"/.M . B va rand _ wa]k with reflectmg barmers - . N

- { g - ) 0 v'j

N ¢ & .'. R
’ » ! ¢

r . ' ) H ; ’ <

. 'f‘ /,va’. \\ et ‘

Therefore t e 3enera'l coné sion is that, a]though,,very h1gh average
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(b) -Estimation of the Put-Ca]]bbarity Theoremjghbws that upward
X ‘&
violations exist for caT]s, puts and stocks on the TCO This

would seem to 1nd1cate that large arbitrage prof1t opportun1t1es

ps

the random walk hypothes1s 1s'not supported. However, estimates

of the tradinp costs involved in.obtaining these profits on the
TCO are relatively large. They are almost twice those cpmpqted
by Ph1111ps and Smith for U S. When these est1mated cosPs are

cons1dered, the apparent arbitrage prof1ts are e11m1nated
(I

. . | Ts 3

o A [

exist on the TCO, and that the valad1ty of the econom1c form of .

M T 4

B
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- CHAPTER 6

‘THE OPTIONS MARKET AS AN INFORMATION GENERATION .

MECHANISM /

' ) . . r'(‘
v M . “
B . \ ] .

e . i
~~. ~ Kreps [1979] and -Harrison-P1iska [1981] hexe/shown that the
S — // A
Black-Scholes model implicitly assumes that the market is complete

' [
in the Arrow-Debreau sense. Chang [1982] argled that it is the N
- (

"\ '
.'assumpt1on of completeness in the B-S mode];wh1ch results in the Ross ‘SY’”'”“§—~_

risk neuFra] valuation relationship (1 e. g éhat the pr1ce of the

option can be obta1ned without requ1r1nq fhe ut111ty funttion of ’
¥ / :
investors). In turn, this implies that the expected rate of return

of the stock is irrelevant. However, 1n a comp]ete market w1thout

Ve

transections costs, the oofion on the underlying security would be a
redﬂioant asset and so there wou]d/be no apparent reason why there - e
would be a market for opt1ons ’qo resolve this paradox Chang

deve]oped an option pr1e4ng»mode1 under the assumpt1on of an

incomplete market. Options can then be viewed as derived assets which

serve the economic role of completing the market.

13
L]

Another role Of the op}ions market is postulated herein, - This

| v o , .
role is ,based on the Stig]iq;-Grossman argument that, in a noise-free

1

market, private, information,has no value: The Togic is as follows:

]
When information enters the market, the informed traders adjust their

exoectations about the future price. This results in the bidding up

v i q
(or down) of the current price to the expected future price. Hence, the
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trader obtains the benefit of the pew information by observing
the moyements‘of the current price. This is only so.«if all costly

informatjbn is perfectly transmitted and freely revealed from the

—

informed to the uninformed, thereby offering no return for ipvestment
in information. This is the so-talled Grossman1§tiglitz paradox.
They state, however, that if the price is influenced by noise due to

random supply etc, then the informed traders would have an advéﬁtage
) ,

in acquiring new jnformati&h. Clearly, this is also the case if there

are different "grades" of informatipn that enter the market.

If the current spot price reveals all information to the

uninformed an option (or futures) market could provide no informational

[

role. But, if "noise" is present in the system of information

bl

transmission then there would be an incentive to invest in costly :

: . b
infQrmation and informed traders could earn an positive net. return on tneir
 ~— ¥ ' ¥

investment. But .then the current®price is not 2 sufficient statistic

<

for formihg future price expectation. Udinformed investors will form

4 -

expectations about future spot price conditional on the current spot

,~1a#1ce as well as the option price, whereas informed traders base their. .

.

expectations upon their acquired information. 'If the options price

serve io eliminate’ the "noise" in the market, then we are back to the
 previous situation in which there no incentive %o invest in information.
Hence, as long as "noise" persistﬁ,.there will be a difference.in
expectationi about the future spot price and thereforg a positive

\
return to investment in information. The options market will then

provide.an information—aeneratidﬁ role.” In fact,.if "noisy" prices do
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x

hide information, then the formation of options market should eliminate
{

some or all such “noise", thereby reducing volatilities.

Baéed upon the assumption that investors only trade beéause of
information ;easons thg following testable hypothesis is postulated N .
(It is noted that trading may take place t6 meet consumption needs or
to facilitate portfolio shifts). There is causality running from '
option volume to the stock price.. The rationa]grfor this hypothesis
is as foMows. When new information enters the market, the informed
. 1nvestors trade in the more noisy options market; because the new
infqrmation is not fully revealed in this market. Thus, changes in
volume in the option p;ecede a change in the stock price. ¥ence, an
upforecastab]g-change in the optiqﬁ~}01ume leads an unforecastaé]a
change in the uaderlying stock price. The role of the options market
is then an fnformqtion'generation mechanism in which informed traders

can earn a better return for their investment in costly information

than in the sto X market. .
: - ,
It has been’empirica11y documented* that most traders in options

do not gxercise their contracts but trade their contracts on the

< »

-

* Reports by the Montreal Options Market indicate that about 7-8%
of the total volume injoption trades are actually exercised or expire
without value. A

3

N .
A 3
"

. )

‘3
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L3

. secondary market. In other words, it appears that option traders have

%Thus, investors would reorganize their port-

a very short horizon.
folios of options when a change in the stock price variance is

expected or when the expected long-run skeady state price level is
'reachedf Mence, one would expect a causality running from the under-'
lying stock pricé to option volume. That is, an unférecastable change,
in the stock price precedes an unforecastable change in the optié;
volume. Coupled with theﬁprevi0us hypothesis, the following testable is,
postulated: There is a feedback between‘optién volume and the ®
undérlying stock price. This hypothesis is tested usirgs the Pierce

Haugh [1977] technique in section 6.2.

»

In the remainder of the chapter, the impact of listing on the
options market on the underlying firm's stock price is studied.
Coﬁziderable research has been unde{taken relating to .the respoﬁse‘qf
stock price returns to various factors such’as dividend anﬁouncemen%s
(e.g., Petit [1972]), stock splits {e.g., Copeland [1979]), discount

. :rate changes (é.g., Waud [1970]), and Federal Reserve changes (g.9.,
Grube, Joy, Parton. [1979])). These factors may 411 be classified as
_stimuli. lThe im;Brtant'issue'in all of these studies is whether the

-

\\ market is infbrmationa]]y efficient re]at?ve to the stimulus studied.
: / : ' {

Another relevant and important icsue is whether the stimulus has
y ,
informational value. As Gribe, Jay and Parton [1979] put it: "is the

!
stimulus an economic signal?"

-

15
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The impact of option trading on the price, volatilfty and volume
of the underlying security has received limited attention in‘;he‘
literature. In fact, there has been some debate as to whether there

is any significant impact a% all (e.g., Black [1976]). It is quite

.

clear that since stocks must meet relatively stringent criteria

prior to listing on the Options Market, (*) that increased pub1{c
interest may result in greater demand for the shares. \
Furthermore, . option listing makes certain hedging strateaies

possible, thag may make ownership of the wunderlying stock

desirable. As a result, Black [1976] does concede that "there will be

somefﬁffects on stock prices and ‘trading volume. Option trading may .
o’ '

even hai% some slight effects on stock volatilities". Previcks

i

‘studies in th¥s area <include Nathan '[1974] who found a decrgase in

do]ati]ity after listing; and Hayes and Tennenbaum [1979] who found that
listed options increase the volume of trading in the underlying shares.
It is quite clear that these, conclusions have important implications

for the under]Jing market. Increased volume after listing wéu]d be of
definite interest to brokers and market makers because of their

interest in the maximization of turn-over. It would.also be of 1nterest
to management, since the increased 11@u1d1ty of its shares would

. Ve
facilitate the raising of new equity capita1. ©

.
123
¢

-

* The ma1n criteria for 11st1ng on the TCO are.

(1) a minimum of 5 million shares outstand1ng :
(2) a minimum of 5000 shareholders holding bound lots
(3) a trading volume of at least 500,000 sha -es annua]]g\1n each
.7 of the prev1ous two years; and

(4) a market price of at least $5 per share.
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Also, a decrease in the volatility 'of a stock’s price, and the \'
(esu1t%ng stability shog]d be of int;rest to investors. The reason-is |
as follows: It is ea;ier to pﬁﬁi?ctfa system with 1éss nbise than ane
with more noise. If, as a reéu]t of listing, there is less noise in
the stock market price series, then a shift in the trend of this §eries

" i
would be more discernible as responding ta changes in fundamental

factors. Therefore information would be transmitted more quickly and
efficiently with less noise. - However, this can be.criticized. The

CAPM prices assets according to the equation:

E(Ry) = r + 8, [ER]) - r]

where ° r. = risk free rate
Bi = risk index of the ith security’
= Cov (Ri,Rm)/V?r (Rm) {
Rm = rate of return on the market portfolio.
Hence, the,ith

security price 'variance plays no role in the asset
" equation.- Hence, it is argued that, under tfie assumptions of a

perfect market, an(effedtiVe chénge in the variance of the security
after'listing'on the options ﬁarket is unimportant to the investor.
Indeed in the- CAPM, B; plays the crucial role. However, this may be
answered as fo]fows. Assuming an imperfect market in which the kth
investor holds shares of My companies where n <. nandn is the

number of firms in the market, Levy [1978] has shown th@t the

variance has E étrong impact on the risk-return relationship,
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?or securities which were widely held, hée asserted that Bi would’

provide a better explanation for price behaviour, while for most

.securities which are not widely held, of would provide a better

explanation for price behaviour. The general éonc]usion of Levy's

work is that the variance, bi, is important to investors.

Accordingly, whether or not there was a shift in the

variance of stock price returns around the listing date of .each _

A

security is investigated in Section 6.3. The technique used is
the one used by Hsu [1977] to determine if there was a variance
shift in the U.S. stock market return series during the Watergate

crisis.

CAUSALITY ' | S

Let {yt} and {xt} be‘twp realized time setiEE,zfxtwo economic

variables. Granger [1969] defined two particulér forms of‘causa1ity

-
8

as follows: - = . ;

(1) x simply cguses y if . N

2 \ \ 2 ™~ . '
c(ytlyt_"s P xt_l -u~o)< . (yt|yt_-| ---). A

15 =
That is, the varidnce of the errors in predicting yt,.when past x

.values are included in the information set, is less than the variance

if the x values were omitted. .
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(2)  x instantaneously causes y if '

2

(YelYeops «oos XpoXe "')<:°2(yt‘ytﬁl""_* ).

Nete that, as proved by Pierce and Haugh [1977], it is impossible to
determine a unique direction of c?usality if x instantaneously

causes y .
L)

Jhe Granger concept of causality is essentially based on a

notation of predictabilfity or temporal ordering. Ze]]ner(]) [1979]

“criticized the Grang;r's"ﬁrecedure as merely a statistical one -

‘a "measurement without theory" which involves "a special form of

predictability but no mention of economic-law.” Schwert [1979]

also argued that);t is unc]ear that causality and tempora] order-
ing should be synonymous in economic Systemsu He argued that
"econopic agents make decisions Qésed on expectations of what
state'qf the Wor1d‘w111 occur in the fUture; and the process of
fd}ming éxpectétigns about the fut&re can change the interpretation

of Graﬁger causality." This problem‘is.like]y to oc;urlin fi?pncia]
markets where a;bitrage profits may exist. So, as Schwert conc luded
"the Granger contept of causality based on temporal ordering will
not lead %o sensible conclusions about directions of causation in

many instances." :

b,

.
-

0) The ph1losopher Kant bel1eved that. causallty and predictab111ty

are one and the same. . ¢
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Accordingly, the two-step Pierce-Haugh test - for
causality is used herein. The first §£ép is to transform each
variable so that the resulting time series is stationary*. Suitgbls::%;,/
ARMA models are fitted and estimated for each of .the tyﬁgsformed
- varigbles x

t

h $s
3 (11 3 1]
‘ Yy and the re§1duals or "innovations i# tl\ and {eyt}
are retrieved. The second step requires the computat{on of cross-

" correlation coefficients between ext'andeyt‘at each lag k=-%...%;that is, _
1

/Colext) [/ Coleyt)

o

.

e

"Each rxy(k) is compdfed with its asymptotic standard error-*f in

or&ér to test for‘stStistjca1 significance. Furthermore, a Jjoint

test .of the null hypothesis H : Pyy (k) . ¢ for all k = _2’:;.’2;
.

1] ¢ gﬁ..ul -
was developed by Haugh [1972]. This requires the computation of the

Q, S (k) 2 . i " ™~
. test statistic, S= ) [r 1 . under the nuli
: k=mg Y a
. . T ' T
hypothesis, this test statistic is asymbtoticg]]y distributed as a

-

X2 distribution with 22 + 1 degreeﬁ-of freedom.

_li;_s,' | . ' : | o o
R » Zelln '[1979] objected to this prgcedure'on the grounds that the
~ e{;gf%g of filtering (whether by differencing or by a more general

f"ter) can be very drastic and might be "throwing the baby out
with the bath". ( -

’ \r* The asymptotic standard error, under the uull hypothesis that
B ! , ]

Oxy(K) 20" 45 given by 7_1-_— , where N is the length of the time
series. . N '
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e

6.1 fhe Pierce-Haugh Methodology: A Test for Feedback Between Stock

Price and Option Volume
»

Data

The sample is listed in Table 6.1. It consists of 8 securities.and
their associated call opt%ons. The main criterion for selecting thé call
options was that they traded a miﬁiﬁ;ﬁ\of 90% of the time. The daily
c]bsing option volume series and the daily closing~price series of the

under]ying securities were recorded. The second criterion for selection

‘ was to.,avoid call options for which there was a stock split’in the under-

1ying'security during the life-time of the call. Tﬁis was done because
pré]imjnéry tests of the effects b% a stock spift on option volume
indicated that there was an increased trend in the option volume after
the split date. (See Apbendix 6.1 for details of this test and the

results obtained.)

Estimation Procedure i\

The‘Pierce-Haugh [1977]) procedure is described a% fo]]oﬁs. The -

. first step islto estimate a suitable ARIMA model by the Box-Jenkins

methodology. This is done by first obtaining a tentative specification -
of the time series throuah the autocorrelogram and the partial corre-

logram. An iteratﬁve least squares procedure on ARIMA (p,d,q)* is done.

The residuals-are retrieved and the residual adtocorrelogram

1
PR

p—

. # of autoregressiye coefficients;

a0 o
n uwn

degree of differencing. . o -

RO

# of moving average coefficients; and . ' , . R



This first step of model identification, estimation’and diagnostic
~ -

oxrder to demonstrate the details of the methodology, the case of
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is computed. The Q-statistic for ARIMA (p,d,q) is given by
, R v ,k- . .
Q = (N-d) .;z ! (pj) o
J=1

A

where N = sample size, "k = no. of lags, o, _.=- estimated serial

e

correlation cobfficient at lag k. If the fitted model is‘cprrect,'
? * “.- . -
Q ~ X"(K-p-q) asymptotically. An insignificant Q value indicates

that the residuals are not serially correlated (i.e., a white noise).

Al

.bhecking is-app]ied to the option volume series {Vt},, and to the

underlying security rates of returﬁ, {Rt = 1og(StYSt_1)}, where

St

compute the cross-correlogram of the two series, e(V,) and e(R.),
t Tt

is the closing stock price at time t. The second step is to

where’

e(Vt) white noise of Gption volume residuals; and

e(Rt) white noise of stock price residuals. ' .

The significance of these coefficients is made through the theorem pf

Haugh [1976]. This is stated as: If e(Vy) and e(R,) are white

Q

n01ses after est1mat1on by a- su1tab1e ARIMA model, then under the null

hypothesis of 1ndependence, the sample cross correlation and coeff1c1ents

are- asymptoticaelly uncorrelated and ndtmal with mean of zero{and variance

1
Of N"

Enpirical .Findings . ' Y
The above procedure was applied to the data set, in.Thble 6.1, In

Y

BANK OF MONTREAL (BMD) is given in its entirety,. @ -— —
o Ny . c
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Y
AL

. TMBLE 6.1. . *

? ~ * SAMPLE OF OPTIONS AND UNDERLYING SECURITIES
SELECTED FOR THE CAUSALITY TEST. -~ e i
- . " - - o 'l'
Firm | ty ' t . Y £
MO 1979 15/8/80 " 24.63
STE . 31/1/80 ©211/80 0 - -40.00
. DMP | 23/7/79 - | 18/4/80 ~ 50,00 -,
c.p. * 31/8/79 15/2/80,  ° . 40.00
wre Y 1/2/83 ~ 17/6/83 .- 15.00
N /283 . 23/5/83 15.00 °
TPN ©1/2/83 17/6/83 © 25.00
FRGO . - /lzg/eﬁf‘ ‘ ' 17/6/83 July *10.p0
BV - 17283 18/7/83" . 20.00 -
POL S VE7L-X I - U17/6/83_ ’ 25.00 o
HY 1/2/83 . 17/6/83 July 10.00°
B o 1/2/83 .. 20/5/83  * .25.00
AL T 1/2/83 , 17/6/83 - o ocosso00 ol Y
HRW 1/2/83 ' 18/5/85 ‘June 30.00 S
f ! ' ° "/ \
Comments = ° ' - ‘ ' _ . o
(1) ty © jm't‘:ia]f date 'of option price series. | Y
(2) ’t1 = terminal date of option. Hawever, if the option price .
9 series was ended before -t;, the termina} date is |
.indicdted."See, for example, RGO." , T ( L ' ,@%
; R -
° 1]
' I, v ]
N . N MR .



~

The call optiontoanMthas exercise price: $24.63 and life-span

4
L]

{; 19 Nov. 1979 to 15 August.1980 (N = 185).
\

A

L

(i) Identification’of the ARIMA (p,d,q) for BMO
' EX « N . ‘:
. The autocorrelograms and partial correlograms for the original

stock price series, {St}, the first differenced series, {St-St_1),

and the second differenced series, {54 -25, 1#S, _,},are computed. o

‘The appropriate degree of differencing is suggested by the variance

of ihe serié1 correlation'coeﬁficiengiz The table below shows the

! . N ‘ . : o,
results: o ’
DR . O BN

J of lags. - . degree of differencing | variance
.~ oV * .
30 - & 0 T . w- , 4.4466
30 17 S ese
30 e 2 . T Ao
) 9?. ) . ‘. . i Y . N . 1.
‘ q - ':“\ e . t

"“Hence, a fimst differenced mode?;i{St-St_{}fl1s suggested. Furthermore,

visual inspectian of the autocorrelogram and partial correlogﬁ%m.of{the.
' o . : [ o

“iny . N .
differenced, series, shows that mone of, the serial correlation'coeﬂ£¥di-"

" -ents are sibnificant. Hence,'as a tentative model for the stock prices

-

series for BMO, an ARIMA (0,1,Q) is suggested.

—
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The option volume series is now conSidered. The correlation-.
coefficients and the partial correlation coeffiCients for lags up to

30 are computed for {Vt} and {yt-vt_}}. The table below shows

‘the resuits:

g
-

4 ofhlags degree of differencing variance

e ; \
30" S0 . 1286.4
30 . 1 T 1781.0

So, an undifferenced mode] (d = 0) is suggested. Furthermore,
inspectidm of the partial correlogram and the autocorrelogram of

{Vi} suggest that a model of the form ARIMA (0,0,4) is appropriate,

"~ although ARIMA (1,0,3) and ARIMA (3,0,0) are possible.

(1) Estimation of Tentative Models for BMO

The Bb&fdenkins methodo]ogy js applied t6 the tentative models
obtained above. Eor {St} the estimafeJ mode] ig ARIMA (0,1,0) and
the estimated residual c6rrg1ogram, E(St)f.is computed for 30 ]Sés . '
(10 lags are éhown below). Jﬁis series is clearly a white noise. The

Q-statistic is.31.80 < XZO](T75) = 204.5_1- The first 10 coefficients
L2 . 1 - ” .

" are:

‘ ) . \ ‘ - ’

. o ' ‘ e et
» 9 | rg’ B rs ra re re Ty y rs rq "o .
.0619.-.0301 -.0653 .09627.0297...0698 .0422 .0185+ -.0967 .. 1105

. «1 ."l:.“" t
M ...
, . C i '\h"_"
/ -] e
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" terms of R%,
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Also, estimation of the 3 tentative models for {Vt}‘ show that, in

2 the variaace of the residual corre]ogram and
Q-Statistic, the model ARIMA (3 0 0) is appropr1ate .The e;?$mated

model is - , - )
4/ ) . < - ,
= ]3.669h+‘u2993 Vt-] + .176], Vt-3' -

Vt =
(3.722)° (3.994)  (2.349)

where R2 = .1323. The estimated residuals e(Vt) is.a white noise

with Q stat1st1c = 32.30 < xz(]]S)‘= 205.5. The first 10 serial

.

corre1at1on coefficients are:

. -C
TR IR s "4 s e Y7 -Tgl Tor Mpo

z

/-.0161 .0049 -.0347 .0501 -.0314 -.0488" 2260 .0823 -,0435 .0223

- 1

A . .
e - -

.(411) Estimation of Cross- Corre]S’ram of e(S ) and e(V ). o

> s

The est1mated res1duals (S ) and c(V ) are now cross- c0rre1ated

to obtain the sample cross- correlat1on coeff1c1ents °k » where

C g lels,)s < t)] 2 -
%k ERACR I /c(e<v T

-

where .Ck Ee(St), e(Vt)] 'fs,an estimate of ‘the cross-covariance

function.

In order to test for causality running from, Vt to "St ,

_the?
f . L
Cross- corre]ogram for 10 1ags is computed for a(St St ]) on Vt.

i

.[(St St ]) is used 1nstead of . (S ), s1nce it was seen. above that ~

3 © P
o . . ] ’ =
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.
(St"st-1) .is a whipé noise]. Similar]y. to test for causality running
from Stv to Vt , théxbross~cofre1ogrémvfor 10 lags is computed for

:e(Vt) on c(St-St_10: The results are shown in Table 6.2. This com-

pletes the detailed analysis for BMO. Similar analyses were done for
. P

the full samp]é and the results are shown in Tableé 6.3 and 6.4.

M Y

e(S,-S;_;) one(V,) -.007 .133 [069 :.067 -.004 .061 ,-056 -.121 .050 094 - 081

A TABLE 6.2 ,

) D ) ' . i

CROSS CORRELOGRAMS OF (V) on ¥(S.-S,_j) AND g

. T — R
g N e(S;-S; 1} on €(V,) for 10 LAGS FOR BMO
. - '\.Lag - : ',
Model o. 1 2-3 4 5 & .7 8 9 Q

A
4

t7t-]1
‘ #

e(V,) on (S-S, ;) -.007-.045 234 .104 .032 .120 .002 -.080 .023 .062 .073 [

exs
N .

N

-
(Y=}
(=)}

= ,1445

# significant at 5% level ; r: >
. B . J .

% :

)

©

bt
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Results of Box-Jenkins
A

\

Methodo]ooy as App11ed to Samp]e listed in Tab]e 6.1

(%) -
Q - Statistic

AL

t

£

Firm Estimated Mode]l -
{ os, (%) " *jb ' f D v,
t . L t ' St | Ve
b e e —— L
ke -
"[BMO DS, =W v V13,7429V, +.18V, 31.8- | 32.3
(3.7) ( 0) (2. )
STE DS =W, ) V =20.5:.29v, ¢ 18.6 9.5
(2.8) (2.5)
DMP 0S.=:160S V,=15.9%.32V, 4. 20V, . 34.2 'Eii??* '
t e Pt t-1 t-3 . -
(2.4%) (3.9) (4.4) ¢ (3.3)
cp 056512805;;]-.2005t_4 V,#16.9+.23V, | . 9.06| 19.6
1 (2.8)" (-1.9) (2.8) (2.33) '
_ch DS, =M, V,=8.2+.24V, 16.7 1.93
j : 2.1) (2.2
\} - (2a) {2.2) | o |
N DS, =W, Vt‘?2~7+*29Vt-4+"9Vt:5, 13.9 1.3
(13:8) (4.0) (2.7)
7PN DS =W, V,=23.0+. 19vt 3 8.0 | 10.0
(2.9) (1.7) .
RGO DS =W, v £ =73.6%. 26vt g3V, «121.3 | 15.5
s (2.0) (2.3) (2.8) -
BVI DS;=.13-.26DS, _, V=22V, 4031V, -15.8°| 10.5
(2.1) (-2.5) - (2.1) (219) 3
PDL DS, =W, V,=47.944, 19.5 | 18:5
(5.4)
HY DS, =-.25W, ,. V =79.7+.39V, 17.3 | 15.9
\ (2.3) (3.9) |
B Dstw/x,c V,=136.3+. 46vt -2y 536V, 14 | 12,4 2.0
(2.6) (3.7) ( -2.2)- {2.1) ‘
DS =W, Vi =26.1+Hi, C : 20.7 | 12.0
: t(3.9) " [ i _
HRW | DS, =y veT7.as, 28vt : 11.8 | 2.00]
- (8.5) (2.7) ' )
(*):DS St St 1 $ a{] Q statistics are ‘insignificant at 5% fe&e]
a :t stat1st1cs ; W, white~moise error. -
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TABLE 6.4

e(Vg) and e(DSy) for Q to 4 lags. -
: - LAG / ,
“ Firm 0 ] 2 3 4
. BMO . -.007" 133 .069 ' ~.067 -.004 ...... (a)
-. 045 234+ .104 032 ...,.. (b)
o 2327 7089 =0T 023 22+ i
" 223 -.032° .097 178
STE .297= .013 06 - -.017 103
‘ : -.073 200,068 -, 127
DHF 169 -.021 - .002 .079 .045 .
.287:~ - -.028 .070 -.022
WTC 173 . .046 ¢ 002 .087 -.153
. Sy ,.079 7150 . 052 RN
N .278= .023 -.014 .027 204%
-.098 856 .027 .006
PN . 140 136 :036 .072 013
’ 141 .084" .096 -.028
RGO 495+ -.024 167 - 072 =149
.2092+= -.1303 116 -6
BV .067 . 154 . 064 . 062 .058
152 -.043 .066 .020
POL .048 -.062 .032 12 -. 113
".1087 -.064 149 136
Ly 242+ .227# .033 .003 -.033
: 106 013 125 129 ;
8 .08 170 .016 27 132
180 < -.090 .128 199+ :
Al 162 =072 —. 140 .054 049 -
.078 -.054 123 145
HRY 210% 161 -.042 . 006 .090
.053 2131 .086 -.083
Comments

o

13

: these coefficients aré for the model e(DS ) on e(V,)

: these coefficients are for the model e<v ) on e(DSt)
1 signi 1cant at 95% level '
: signyficant at 90% level
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DISCUSSION OF RESULTS ’ : ' . .

[ 4
The resu]ts, g1ven 1n Table 3.6, are for each of the 14 mode]

ést1mated for 1DS } anq {Vt}. Thg general result is that * DS

s ARMA (1 ,0), a result which confirms to conventional hisdom hat
properiy ant1c1pated prices vibrate randomly A1so the stoch st1c
.process/generat1ng option volume is generally autoregress1ve of

- degree d, where d < 4. s

Cross- Corre]at1on coeff1c1ents are. est1mated for~the wliite noise series
s(DSt) on s(Vt) and are given in the flPSt row of the results for

.each security. The.lags are from” k = 0 through 4, S1m11ar1y, the

sample cross corre]at1on coefficients for E(V on c(DSf) are

t)
given 1s the second row of the results fé& each/security. Again, the

lags are from k <1 through 4, o
'S““ ‘ f ‘ ’ : PO , .
Hencé; the\£1rst row of coeff1c1ents re Used‘to test for causali

volume to the under1y1ng se%6¢1ty price. O0f the 14 models

: /
estimated, [i.e.. e(DSt) on e(Vt)]. 5/showed significant simugtaneou§

from optio

causality at the 95% confidence 1ev7) and 2 others at the 90% level.
énly one model (Husky 0i1) exhibitéd significant 1agged causality.

Hence, the null hypothesis of no/lagged causality from option volume

" i 4’(
.. [y
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& .
&
b}

- to.stock pricesfis accepted. Thus, there results do not Support our
argument for a nesoiution of the Grossman-Stiglitz paradox. ﬁowevere
-8 significant lagged causality from option volume to stock price would

- be difficult to obtain. This wou]d require 4 united and concerted
- action-on the part of all informed traders who, upon obtaining new
information w111 enter the noisy options market and ”p]ay out" their
expectations. Faiiing such a group action, the causality might be

‘ difficult to ascertain and our hypotheSis harder to test.

T .
., The second row of coefficients, which are the sample cross-

correlation coefficients for the model e(DSt) Qn e(Vt), indicate

4 “Sdifferent results. Four models have significant lagged causality

for o ='.65, while two others are significant for o = .10 . While

this is not overwhelming evidence of causality from 'stock prices t8

option volume, the results do suggest that investors in the option.
market have a very\short horizon,land do tend to revise their port-
folio nhen stock prices change in response to new iniormation.

.- -Consequently, stock prices seem to 1ead option volume, thereby ,

accounting for the empirical fact that on]y about 7% of &11 contracts -

are exerc1sed at tje exercise-date.

ot
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6.2 A TAst of a SHift in the Variance After Listing on the TCO

_The economic nationale for this study has been discussed in
Section 6.1. Therefore, the basis for this test and the data set
used are now described. |, .

_ X
 Data ‘

As of January 29, 1982 there were 52 calls 11sted on the TCO.
Forty-P(Ze of these were 11sted on the TSE and twenty—four on ,the
MSE (seventeen were dual listings). A random sample of 30 secur1t1es
on the TOC was selected, and their listing date were recorded (see
Table 6.5). For each security, a sample of 109pca11y closing stock

pr1ces around the listing date was obta1ned .
. I~ R > he

14

~
[y

st1mat1on Procedure

. The ‘estimation technique applied herein is due to Hsu [1977].

L

- ‘ N :
Let R, = In(St/St_]) where {S.},., 1sa sequence of rancom stock
prices and assume that {Rtftgz is a sequence of indépendent random
variables such that E(Rt) =u and Var (Rt) = oi . The hypothesis

‘. “
to be tested can be #ormulated as follows: ’

: ;o L F
, 2 2 2.
H0 : é&- 02 = ... ON 0- .
2 > 2 _ _ 2 _ 2
H] oy = 02- = = 0y o and
"2 _ 2 _ R _ 2
Okel = Okl - = 0y T o te

R v -~
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Define Xt = (Rt-" . 'Hsu, foﬂdvg'ng anoapproach sugjested by Chernoff 4.
and Zacks [1964], obtainld a test statistic which is locally most power- -

ful. This test statistic is givencby

-
Y g %y
H o= () (t-1)Xx /(N1 X,)} ’ "
t=1 t =1 ° y
Under the assumption that Ho is true, and observing that- H 1is a-
. ‘ .
- Tinear function of Dirichlet variables, he showed that
AN . AN ‘ ( o s ' .
ST () v | /-
T oL C_ Ei;l N 2 and Var (H) = — .
w W : s
. B . . - '_. o o= L. . A ..
Empirical Findings ¥ e (,

", The empirical findings obtained by applying the Hsu estimation

\ ~ {
tec :i\aujtn the sample of 3& companies listed in Table 6.5 are given in_

e

Tal;l' 6.65 Sel‘venteen securities showed significant shifts in the Variance

for the 100-day period around the listing date. Of these 17, seven secur-

ities had significant negative H statistics, “indicating a statistically -
significant.decrease in 'the variance after the listing date. The other ;.

4,

ten Securitigs had a- siqnificant increasein the variance after the listing -
‘ date. These resu]t's.“are interesting in the sense that the probability that -

a security, upon being listed 01‘1 the TCO, will undergo a significant shift

in its daily variance is about 50 per cent (i..e., the same as flipping a-

fair coin.) Furthermore, ,given shat a change in the variance did tak i

b]’a'cet_the probabﬁity that it is a dpcrea’se' is also about 50 pgrﬁ ‘.‘4

(i.e., the sagne‘asQ flipping a fair coin.) Thé results are different from *

" those obtained 'by Nathan [197}1] who found an over-all significant decrease
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in the variance for stocks listed 6n the CBOE. For the TCO, only 25

per cent of the samp]e (wh1ch itself represented 58 per cent of the
popu]at1on) showed a s1gn1f1cant decrease in the: dat]y variance of stock

L]

price changes.
N

It is sometimes argued that if markets are incomp]%te, the option
market creates/new speculative opportunities, ahd;so a test of a shift.
in the varianfe after listing is equivalent to finding out if the in-
creased specu]ation ié ;tablizing. ThevFgéults of this seqtion show that

a difinitive conclusion is not borne out.* That is, the 1ikelihood that

- - v

a secuf%fj~w111 uhdékgo a-significant change in'o2 is fifty per cent. ‘
w . ' ‘ ' ' R
' 2

Furthermore, in order to make sure that a significant change in o

-

-

- is not due to a(concurrent'change in the variance of the TSE index, the

Hsu procedure,is n&w applied to the TSE for the same time period around

the 11st1ng date of each stock which showed a significant decline in 02.

"
Reca]] that on Jan. 5th, ]981 these six securities were listed on the

“ TCO were ICG, BPO, HIR, WTC whlch showed a s1gn1f1cant decline 1 at

5/’and 107 level of significance,
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o TABLE 6.5 ~
° ‘r . . <@
o . ”
’ ‘g Sample of 30 securi,tie§ listed on TCO
- . and their Jisting date |
o
SECURITY LISTING DATE SECURITY LISTING 'DATE
(TICKER symgoL) - " (TICKER SYMBOL) ‘
L Nov. .8, 78 RGO ~ " Jan. 4,79
‘M8 Aug. 15, 78 ) _  Nov. 15, 79~
| . B ~® " Dec. 4,78 DM Nov. 8, 77 ,
N ¥ | Sept. 25, 78 HYO Jdan. 1, 77 .
| BMO Nov. 8, 78 TOTPN. - . .Jan, 8,79
o L8T (A) Aug. 28, 78 6T~ +  Jan. 29,79 y,
e Mo Mar'. 24, 80 . BNS -+ Dec. 11,79
' DMT Sept. 8, 80 TXC ~ dan. 11,'82-
L. oL Apr. 21,81 - . WIC © . Jan. 5, 81
- REC Apr. 21, 81 . USHC | Jan. 8,79
QT Apr.21, 81 | ’
. ASM Apr. 4,77 ,’\___
“ NCN Oct. 19, 77
16’ - - Jan. 5, 8 -
| PO Jan. 5,81
_ CRK Jan. 5, 81"
- WR = Jdn. 5, 81
" 60C Aug. 31, 79.
| CBVI L Aug. 2, 79 . ,
' DEN- _  Feb. 19,79 . .
. - - N
& .
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~  TABLE 6.6

¢ T . ’ 3 , ,/‘_»' \t

. Test of Variance Shift After Listing Date - |

.using Hsu's Technique 1 _ \ '
: - s "
SECURITY H _  H* ~ SECURITY ~H |
ICG ~ .3465  -3.301# poL  .5777 - 1.8%4 - | -,
WIC  .3868  -3.0504 A 56187 1.508
BNS L5717 1.925 - . CLT  .4216° _-1.910°
TXC. .4088  -2.153# ERK  .4575  -1.035
DM .6452  3.359¢ BP0  .3552 " -3.5284# .
IOy _..5492  1.198 . HWR  .3509°  -3.631#
| 4179. -1.9994 GOC  .6028 2.507#
NCN  .6027 ° 2,504 .BVIT .6552 . 3.7824
JIPL L4617 - - -.9340 DEN' .5344 -  .8372 .
‘MB' 4889 -.2478 R C.ee10 123t . |
B 5818 1.994# - _.TD .6169  2.850 _ |
cp .6882..  4.5864 . TPN - L4162 -2.0424 .
BMO  .4899 * -.2440°  * _ _SHE  .4308  .-1.685 ;
LBT /6758  4.285¢# GST  .4716. -.6913 - XK
N .5144 3529 . DMT.  .5232 5657, | )
\ ! nﬂ - N Yo
‘ * H - E(H) . ” o ,
“Notes: H = ° ————— s . ’ - )
' (Var(}Hl'))/zu ’ T - ' L~ )
. o Y PN o, . //
# = . significant at the 5% level. ' Ty ®
° , . - \ ’/‘
-
4 \'T/ }
. . ” l ‘
-

j;‘c_:f
N 24
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- - .. whep the Hsu procedure was apphed to a samp]e of 100 daﬂch]omng
o /TSE 1nd1ces centered around Jan. 5th, 1981, .H = .3146 and H* = 44.969.
R Thus, ther'e was a congurrent s1gn1f1cant decrease in the vamang:e the
- @ _ chan.gesr in the TSE index. In fact, the standard dev1at1oq_.for the

’ 50 trading deys perr to Jan.&Sth was 8] = .01 ang f‘o'r the post

' ' peridd-was’ 2 0067 *The null hypothesie-of equal variances is
S " X r‘%gjected smce F* = 2. 7£L9 > F (4§ 49) = 1‘ 690. Similarly, for

‘)f - TXC, ASM, TPN ‘and CLT, there was ‘a smﬂaw concurrent downward shift

' in the vamance of the chen s~in_the TSE index,

- a
P

~ oo ,
© CONCLUSION ™\ _
¢ S .
'/ The' main conclusionssof this chapter are: oy
. . ' ' . »

(a). Based on the Grossman-Stiglitz argument that, investment in
; 'in'formation wquld have a zero retlirn, ip a perfect market, .it
was hypothesued in sthis chapter that ,investors would. enter the
opt1ons ﬁ"iarket to act upon new 1hformat1on, since changes in
volume and price in this nms%arket'hou]d be less-reveahng.

. X Y

Y Consequently, the hypothesis that there ‘1‘: causahty from
option vq,]ume to stock price wai tr‘eated. ‘A Pierce- Haugh test

. . )
Lo L] Y . " 12

. v failed te supportr/the h_yp'othe‘sis"- since only contemporaneous
g' causality was Netected. . N

‘[’\ e < . . -«
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(b) There\1s cons1derab1e emp1r1ca] ev1dence‘that opt1on investors -

. . .
D o usua]Iy exercise the1r contracts pr1or to the exerc1se date.
3 - * -
© As a ﬁ§SU]t the hypothes1s that, there is cau55ﬁ1ty from stock

o . pr1ce to option, vo1ume was, tested. Ihe P1erce-Haugh tést for
e ) o causa11ty supported the hypothes1s 1n";eyeré] cases in which,

A lagged (but-only one-period moetly)'éausa1ity was found. Hence
a1 N s\, . . N
it:might seem that investors-quickly revise their‘options '

. 1

. ' o s S L .
L o very weak. . . P -
. ‘ . o . ’ - ' . - '
~ ‘. . rer /J’ N - \

4 , A."

At
-7 ~ Co T . % " ‘
» ¢, (c) .Fipally,.a ponaparametric)test was appligd to a sample ofl3Q//J

N P pgrtfo]to’upon chaﬁbeg;dn,the stock price, but the\\<1dence is © -

L securities on the TCO to ascertain if thexe is a significant
: e S, R T :

shift in the variance of stock price;changes upon listing on

. the options market. These results indicated that 25% of the

-

secucﬁt1es sﬁowed a decrease in 02 and 25% of the securities-

. * showed a decrease'in o after 175t1ng.- Furthermore, when a
™~ ’ . : . e . : ) '
significant decrease in U& _occurred,-there was a similar

3
' 3

concurrent decrease in the variénce of tha'changes in the:TSE )
index. -Hence, it is questionable whether the change in the
variance 1n the stock price is due to being listed on the TCO.

This contradict§ the results by Nathan [19741ﬁfor the CBOE

and supports Fischer Black' s,[1976] comments that is questionaﬁle

whether opt1on trading has an .impact on the security S var1ab1es

-

2%
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’ L - CONCLUSION. . . .

~ - -

' This-thesis dedlt with three major themes: _ . -

!
7 «

(a)' The estimation of the parameters of the Black-Scholes model

’ through an; optim1zat1on problem 1nv01v1ng the Newton -Raphson

Jterat1ve‘proced0re for s1mu1§aneous var1ab]es}/

r t . .
» N

(b) The efficiency of the TCO

’ ‘ T ' - . o ¥

(c)". The role of the Options Market as an information generating
mechanism. ' . oo " \

t 4 v
- ] N . . [

With respect to these thﬁéé main problems, the fo]]owihg

~ .. con¢lusions were found.

e 'S

"ka} When the Newton-Raphson was applied to a minimizat%on

prob]em in order to estimate 02 and r, the results, even

, . “when f1rst 0;3%r serial corpelation was removed,were:

unsat1sfactorx, since the est1mates of r d1ffer°dramat1cally
¢

Accordingly, the validity of the assumption that stack price
changes follow a geomskric Brownian Motion with constart. drift
and intertemporally cohstant variance was studied and the

4 s

. {ﬁmplicatiOns of the results. obtained for option pricing was

investigated. The general conclusion is that for a sample .
. . \ .

of 20 stocks on the TSE for ‘the period 1970-1979, the

\empiricaf distribution is-approximately qormal but monthly.

variances vary directly wjgp“the:square of "the market rate

s "
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of - return. Also it was. shown that -for d311y‘closing prices
on the TSE over a sémp]e périod of -one year, the“empiri$h1 | - .

-~

'distribg;ion was generally found to bélong to the symmetri% ‘

i

Paretian: family with « having a modal valué of 1.4. .
\

-,

. - } . ‘
Finally, a MINQUE-type estimator for gt was developed and

" daily variances were ésFimafgc. " The évera]l conclusion is
® Eha{ dai1y variancesnarevgenera11y white noises with a
constant mean. Ba;ed 66 these models, forécagts of Biackf
f/// _ Scholes prices:were made and.they were bettér predictors of-
i the-obsé{vea option prices thah the ones obtained by using the

historical ‘variance.

¢ !
'
- . '
. . .

(b)v With respect tg the statistical test of thé random walk
‘"hypothesis for the TCO, a sample of 18 optidns showed that
the ﬁull hypothesis that sycceésive price changes are
‘ . independenti cannot be rejeéted. Fbrthermore, afthough -
arbitrage opportunities wiﬁh significantly large ﬁfofits » .
were identified.through the Put-Cé]] Pariéy relationship, ‘
these abnorm&l profits digéppeared when trading costs for '
. options on the TCO and those for the assocified stock were
taken -into accounii .Boih the statistical and the economjc
versions of ‘the random walk hybqthé§is for options on’thel
TCO Qér;}validatea. ‘ L s I

- .
) T 2 h B
v .
1 ° .
O . . J
' .
B

using the-Box-Jenkins methodo1ogy,*§ﬁit&ble ARIMA models for *%



‘(c¢) In the Tast sect1on, the ro1e of the opt1ons market as' an avenue

~

for the optima] Tnvestment af pr1vate 1nformat1on and therefore for thﬁ

-

reso]ution of the Grossman St1g11tz paradox is, stud1ed - The overa11

-

conclusion 1s that for a_sample of 14 pairs of est1mat1ons, the hypo- .

thesis pf no lagged cau§a11ty from pﬁt1on vo1ume’toqstock pr1ce is

'accepted ' Fina11y, in an effort to determine if the listing of stocks

on the TCO éan action wh1ch created new speculatxve opportun1t1es) resu]ts

in stabilizing specu}at1on4 the Hsu non- parametr1c test var1ance sh1ft,

is app]ied to secur1t1es on the TCO The genera1 conc1u51on is that th

1 ~

probab111ty of a s1gh1f1cant sh1ft given 1ast1ng, 1s the same as flipp
~N
ing a falrvco1n. Th1s conc]us1on contrad1cts the results by Nathan [19 4]

for the -COBE but SUppdrts Black's [1976] comments that it is quest1onab1e

L

k whether opt1on trad1ng has an 1mpact on the secur1ty-varnab1e.

-
'

e
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APPENDIX 6.1

o f

A TEST FOR A SHIFT IN THE TREND OF.THE OPTION-VOngE SERIES -

IN THE NEIGHBORHOOD OF THE STOCK SPLIT -
S \

The fam111ar non- par;metr1c Cox and Sfuart Test for trend is used.

. ' . 4 4

\Th1s test can be described as fo]lpws 'Let {X be ‘a sequence of

. ;random variables. GrJup the random var1ab1es 1nto pa1rs (where ties S

. are removed) as follows: {X,,X ]+k)’( o 2+k)’ Xy, k XN)}

T

where k =

"
noj=

4f N .is even - o o

ML 5t N dsodd o P

>

. The assumptions. are:

", L, (1) {X } ) are mutual[y 1ndependent and

_(2) The {Xj} are efther 1dent1ca11y d1str1buted or have a

v &

L . .o ' trend. . , . . ‘i"!\ o

1O

The ‘hypothesis to be tested are:

H, : There is no Upward trend. : _ .. e
'Ha : fhere,is an upward trend. /r_”;/
' Thejtest:statistic is T = no. of pairs (x,y) for which y >si;' In fact,
“this is a sign test where, if y'> x = "+" and if y<x = e,

L - .
Hence the critical T 'value for a = .05 and N> 20 is' T=3+ AN o

le



g e AT T
”, (3.4

L
S

/[
-
- 199 - B
£ ‘. ] .
'_QAIﬂ . The fol]?wing daéa set is cgnsidefed jn Fhis tést.
STOCK - SPLIT FACTOR ‘ SPLIT-DATE
Dome Pete ' 8:1 ‘ May 14, 1979
Gulf Canada 3:1 . ‘ Apr.30, 1980
NORANDA ' .3 | . Aug.22, 1979
Royal Bank | . 2:1 " ﬂ © .t Mar. 9, 198

y

i . . , 1 :
Results The empirical results are listed in the'following table.

l Clearly, forythg stotks considered there is an increased -
- S
trend in the option volume after .the split date.

\ °

¢

| STOCK E = t* %
NGRANDA . 15.00 ~;§p. 15, 80 (2204)#
Dome_ Pete "32.5 . oct. 19, 79 (18?8) ]
Gulf Camada  30. Nov. 19, 79 . (22'2)
Royd1 Bank 30. © Oct. 16, 817 (145)
S

-

# This is the critical-value of T = n-t wheré t = % -vn

~®

h> 20, a'= .05 .

i

”’
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