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THE USE OF THE IMPLIED STANDARD DEVIATION AS A PREDICTOR OF
FUTURE STOCK PRICE VARIABILITY: A REVIEW OF EMPIRICAL TESTS.

drs. C.H. Veld ')

1. Introduction.

In this paper we will discuss the use of implied standard
deviations ( ISDs) as predictors of future stock price
varíability. The ISD is the standard deviation that results
if the market price of the option is equated to its model
price. We have made two limitations. First we only consider
ISDs derived from the Black and Scholesmodel or a dividend-
adjusted version of this model. For a discussion of ISDs
derived from other models we refer to Rubinstein (1985). The

second limitation i s that we only consider ISDs derived from
call-option prices. The reader interested in ISDs derived
from put option prices is referred to Brennan and Schwartz
(1977).
This paper is organized as follows: in section 2 the Black
and Scholesmodel will be discussed. Hereafter, in section 3,
the concept of the ISD will be considered. In section 4, a
number of empirical tests on the ISD will be overviewed. In
section 5 we shall discuss the problems attached to the use
of the ISD and, using the empirical tests discussed, we shall
see how each of these problems can be dealt with. This paper
wi11 be finished with a summary and some conclusions.

2. The model of Black and Scholes.

In 1973 Black and Scholes published their well-known option
prici.ng model. This model gives the price of a European call-
option 1) that would be obtained in a perfect capital market
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when no dividends are expected to be paid on the underlying
stock during the life of the option.
The inputs to the model consist of four observable variables:
the price of the underlying stock (S); the exercise price
(E); the time to maturity (T); and the riskless interest rate
(r), and one variable that is not observable, the standard
deviation of the stock's distribution of rates of return (a)
2). The latter will hence be referred to as the standard
deviation. The model price C is:

-rT
C- S N(dl) - Ee N(d2)

where:

(1)

dl - ln S E t r t az 2 T; (la)
a T

d2 - dl - afT;

N(.) - cumulative standard normal distribution.

(lb)

From now on this model will be referred to as the B~S-model.
The assumptions needed to derive this model are: (1) there is
a perfect capital market characterized by an absence of taxes
and commissiuns, free access to sll available information,
and divisibility of all financial assets (in addition,
borrowing and short selling as well as free use of all
proceeds are permitted to all investors); (2) the short-term
interest rate and the standard deviation of the stock's rate
of return are known and constant; and (3) the stock príce is
lognormally distributed at the end of any finite interval.

The dividend problem.

We have already mentioned the fact that the original B~S-
model assumes no dividend payments on the stock over the life
of the option. Merton (19~3) has relaxed this assumption for
a rather special dividend policy, dividends are paid
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continuously so that the dividend yield is constant. This
dividend yield can be represented as:

g - D~S (2)

where:

g - the dividend yield;
D- dividend payment per subperiod;
S - stock price.

If the Black and Scholesmodel is corrected for a continuous
dividend payment, the following equation results:

-gT -rT
C- Se N(dl') - Ee N(d2')

where:

(3)

dl' - ln S E t r- ~ az 2 T; (3a)
a T

d2' - dl' - afT; (3b)

This is the solution to the European call option problem when
the underlying stock pays dividends continuously at the rate:
g. We will refer to this model as the Merton Model. However,
Merton (19~3) has shown that the B~S-formula does not work
for an American call-option on a stock that pays dividends,
because it may pay to exercise the option just before the ex-
dividend date. An intuitively easy understandable solution
for this problem is the use of the binominal model. Verboven
(1989) has shown that the possibility of an early exercise of
the call-option resulting from a dividend payment can be
included in the binominal model. An important disadvantage of
this model is that it can only be solved numerically.
Another model that includes both discrete dividend payments
and early exercise is the model developed by Geske (1979). An
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important disadvantage of this model is its complexity,
because it includes the valuation of compound options 3).
Besides, Galai (1983) concludes that the Geske model does not
yield consistently better predictions of actual prices than
the B~S-model.

3. The implied standard deviation.

The traditional way to estimate the risk of common stocks is
to calculate a historical standard deviation by using
statistics based on a time series of realized rates of
return. The implicit assumption is that past experience will
repeat itself and that the ex post (historical) standard
deviation is a good estimate of the future one.
Latané and Rendleman (1976) 4) have suggested to estimate the
ex ante standard deviation from option prices by using the
B~S-model. It is assumed that the B~S-model is valid, as are
the required assumptions for its derivation, and that stock-
and option markets are efficient. Under such conditions, by
equating the model's value of an option to its market price,
the implied standard deviation (ISD) can be calculated.

The following example derived from Van der Hilst (1982) will
clarify the idea of the implied standard deviation:
Consider a call-option written on the firm Akzo, having an
exercise price (E) of f 32,50, an underlying stock price (S)
of f 31,10 and a maturity of 0,25 years. By assuming a
riskless interest rate of lOx and by calculating a historical
standard deviation, based on daily returns from 1978 of
0.333. the value according to the B~S-model is f 1,80. The
market price of this option was f 1,40. If however a standard
deviation of 0,2~2 would have been assumed, the model price
would have equated the market price. Therefore the standard
deviation of 0,2~2 is referred to as "the implied standard
deviation".



Van der Hilst (1982) has argued that in some cases the ISD is
impossible to calculate because the option's price falls
below that which is consistent with the theory. Assuming no
dívidend payments, the minimum option price is:

-rT
C - max (0, S - Ee ) (4)

The B~S-model assumes that no dividends are being paid,
therefore íf the call-option price falls below the minimum
option price no ISD can be found.
In the Merton model continuous dividend payments are assumed,
in that case the minimum option value becomes:

-gT -rT
C - max (0, Se - Ee ) (5)

This leads to a lower minimum option price, therefore the
Merton model may calculate ISDs in case the B~S-model does
not provide a solution. Van der Hilst (1981) has calculated
ISDs for 2433 Akzo options. In 103 cases no ISD was found for

the B~S-model, while in only 30 cases no ISD was found for

the Merton model.

Van der Hilst (1989) argues that the ISD can be used in order
to.
1) determine the distribution of future stock price

variabílity and therefore the dístribution of future stock

prices;
2) trace the expectations of market participants;

3) test option pricing models;

4) test the efficiency of the option's exchange.
In the introduction we have already mentioned the fact that

this paper concentrates on the ISD as a measure of future

stock price variability, or in other words as a means to
calculate the future standard deviation. For the use of ISDs

as a way to test model- and market efficiency we refer to
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Kemna (1988). In the next paragraph we will summarize some
papers that have tested the ISD as a predictor of the future
standard deviation.

4. The use of implied standard deviations as predictors of
future stock price variabilitv.

4.1. Introduction.

In this paragraph we will discuss the suitability of ISD to
predict future stock price variability. If this suitability
is tested then implicitly the ability of investors to make
estimates of return variability from common stock is tested.
This is due to the fact that ISD, as we already mentioned in
paragraph 3.2., is the investor's ability to make good
estimates of return variability from common stocks.
We will also discuss the relation between standard deviations
calculated using historical data (ex post standard
deviations) and future stock price variability, or in other
words the suitability of historical standard deviations to
predict future stock price variability.
If ISDs are calculated for options written on the same stock,
but having other exercise prices and maturities,
theoretically no differences would be expected. This is due
to the assumptions of model validity and market efficiency.
Latané and Rendleman (1976) argue that this will as a
practical matter not be the case because some options are
more dependent upon a precise specification of the star,dard
deviation than others. They argue that for options such as
those which are in the money with little time to maturity, an
exact specification of the standard deviation hardly matters
5). However, for other types of options it may be very
important. Therefore Latané and Rendleman (1976) argue that
some kind of weighing scheme for individual ISDs must be
developed in order to come to a weighted ISD (WISD). All
authors agree with I.atané and Rendleman that a weighing
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scheme is necessary. However, different opinions exist over
the form of the weighing scheme to be used. We will discuss
the studies i,hat, have been made in order to test the ISD as a
predictor of future stock price variability, and we will pay
specific attention to the weighing schemes that have been
used.

4.2. The Latané and Rendleman study

Latané and Rendleman (1976) have calculated ISDs for
individual options using the original B~S-model, without
taking a dividend correction into account.

Because of the earlier mentioned fact that not all options
are equally sensitive to an exact specification of the

standard deviation, Latané and Rendleman have weighted the
individual standard deviations by the partial derivative of
the B~S-equation with respect to each single standard

deviation. According to Cox and Rubinstein (1985) this
derivative can be represented as:

6C - SN'(dl)f(T) (6)
da

where:
-d1~~2

N'(dl) - 1 e
T(2n)

(6a)

In table 1 we have computed this derívative for the earlier
mentioned Akzo options. The underlying stock price was f

31,10 and the interest rate was assumed to be lOx. From table
1 we can conclude that, as we expected, the procedure tends
to give little weight to options with short remaining lives
and to options that are far into the money; the weights of

options with the shortest maturity (lines 1 till 5) are lower
than the weights of options with longer maturities (lines 11
till 13); options that are at the money (lines 3 and 4) have
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Table 1: Implied standard deviations and the partisl
derivatives of the B~S-equation with respect to each single
ISD for the earlier mentioned Akzo example

Time to Exercise Call-
expiration price option
(in years) price

(T) (E) (Cjt)
(1) (2) (3) (4)

Squared Squared-
Implied Individ-
standard ual
devia- weight
tion
(ajt)z (dCjt~dajt)z

(5) (6Z
1 0,25 ~ 25,-- f 7.--

2 0,25 ~ 27.50 ~ 4,80

3 0,25 ~ 30,-- ~ 2,90

4 0,25 ~ 32,50 ~ 1,40

5 0,25 f 35,-- J' 0,90

6 0,5o f 25,-- ~ 8,40

7 0,5o J' 27.50 f 6,--

8 0.50 f 30,-- f 4,--

9 0,50 ~ 32.5o f 2,50

lo 0,5o J' 35.-- f 1,60

11 0,75 f 30,-- ~ 5,60

12 0,75 ~ 32.50 J' 3,90

0,161 6.859

o,i19 15.777

0,096 30.769

0,074 38,291

0,104 30,592

0,227 30,393

0,130 40,221

0,091 59.321

0,077 75,673

0,080 72,727

0,138 89,340

0,105 108,368

13 0,75 f 35,-- J 3.-- 0,112 115.455
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higher weights than options that are far in the money (line
1); unfortunately our example does not include options that
are far out of the money.
In their paper Latané and Rendleman used the following
weighing scheme 6):

N
f [ E ISDjtz x (dCjt~óajt)2]

WISDt - j-1
N

f [ E (óCjt~óajt)~]
j-1

(7)

where:

N - total number of options written on a given
stock;

WISDt - weighted average implied standard deviation in
period t;

ISDjt - implied standard deviation for option j in
period t;

(óCjt~óajt)z - partial derivation of the price of option j in
period t with respect to its implied standard
deviation using the B~S-model, this can be
calculated using equation (6).

Using equation (7) a weighted average implied standard
deviation (WISD) can be calculated, in which the ISDs for all
options on a given stock are weighted by the partial
derivative of the B~S-equation with respect to each implied
standard deviation. For our Akzo example a WISD of 0,330 can
be calculated using equation (~).
Latané and Rendleman have calculated WISDs on a weekly basis
for 24 companies whose options were traded on the Chicage
Board Options Exchange (CBOE). Their calculations were made
for the 38 weeks (39 weekly observations) beginníng October
5, 19~3 and ending June 28, 1974. They tested the
relationship between the WISDs, standard deviations based on
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historical data and actual standard deviations by running
correlations on the following series of standard deviation
measures:
1) the WISD averaged over the 38 week sample period (39

observations) for each of the 24 companies;
2) the standard deviation of monthly log price relative

returns calculated over the four-year period ending
September 30, 19~3 for each company (historical standard
deviations);

3) the standard deviation of weekly log price relative
returns calculated over the 38 week sample period time
adjusted to a monthly basis for each of the 24 companies;

4) the standard deviation of monthly log price relatives for
each of the 24 companies calculated over the two year
period ending March 31, 1975.

Series 3 represented actual standard deviations calculated
over the sample period. Series 4 consisted of standard
deviations calculated over the sample period and i nto the
future ~). They found the highest correlation between the
WISDs and series 4, which indicated that the ISDs are highly
correlated with series of actual standard deviations which
were calculated partially into the future. Both series 3 and
4 were more positively correlated with WISDs than with ex
post ( historical) standard deviations.
Latané and Rendleman concluded that during their sample
period WISDs were better estimators of future return
variability than ex post standard deviations which were
calculated from historical data.

4.3. The Schmalensee and Trippi studv

Schmalensee and Trippi (19~8) tested the relationship between
ISDs and ex post time series (historical) standard
deviations. The ISDs were calculated using the original, not
dividend corrected, B~S-model.
Schmalensee and Trippi selected a sample of weekly closing
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price data for each of the 56 weeks in the period April 29,
1974 through May 23, 19~5. This sample consisted of CBOE
options which were written on stocks that had low dividend
yields. Schmalensee and Trippi excluded all options that were
either far out or far in the money and~or were having short
maturities from the data set 8).
For each stock and each week, Schmalensee and Trippi
calculated the arithmetic (unweighted) average of the
remaining options. They did not find it necessary to weigh
the option prices because they already eliminated options

that were not dependent upon a precise specification of the
standard deviation. Schmalensee and Trippi tested the

hypothesis that a relationship would exist between changes in

the ISD and changes in the historical standard deviation.
Surprisingly they found that market expectations, embodied in

the average ISD, were not influenced at all by historical

standard deviations.

Schmalensee and Trippi have acknowledged that a relationship
might have been found, if better data had been used (e.g.

daily closing prices instead of weekly closing prices).

4.4. The Beckers study.

4.4.1. Introduction.

Beckers (1981) extended the studies of Latané and Rendleman
and Schmalensee and Trippi in three important ways:

1) he introduced a dividend-adjusted model;
2) three different weighing schemes were compared;
3) transaction data were considered as an alternative for

closing price data.

We will discuss these extensions in three different
subparagraphs.

4.4.2. The introduction of a dividend-adjusted model.
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Because of the earlier discussed complexity of models that
take discrete dividends into account, Beckers suggested the
use of an ad hoc dividend correction. He argued that it can
be shown that the boundary condition on the value of a call-
option in case of a dividend payout before the maturity date
of the option becomes:

-rt -rT -rt
C~ max ( 0, S- Ee , S - Ee - De )

where:
D - dividend payment;
T - time to maturity;
t- time until ex-dividend date.

(8)

Beckers reported a study by Brealey (19~1) who has argued
that the stock price does not drop by the full amount of the
dividend on the ex-dividend date. Empirical research by
Brealey has pointed out that on the ex-dividend date, the
price falls by approximately 85x of the gross value of the
dividend 9). Therefore Beckers subtracted only the present
value of 85 percent of the dividend on each day before the
ex-dividend day. Because it is only optimal to exercise just
before the ex-dividend date, an ad hoc way to take into
account the possibility of premature exercise consists of
calculating the ISD under two different conditions:
1) the optíon is assumed to be held to maturity and

simultaneously 85 percent of all intermediate dividend
payments will be subtracted from the current stock price;

2) the option is assumed to be exercised on the last ex-
dividend day and simultaneously 85 percent of all previous
dividend payments will be subtracted from the current
stock price. In case only one dividend payment will be
made, no correction will be necessary in this case.

Beckers has demonstrated that of these two values, the lower
ISD is the one which is to be chosen.
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4.4.3. The introduction of different weighing schemes.

Beckers employed three diCferent weighing schemes, in order
to weigh individual ISDs:
1) The first weighing scheme is the one that was introduced

by Latané and Rendleman. Latané and Rendleman weighted all
ISDs with the first derivative of the option price with
respect to the standard deviation. In contrast with Latané
and Rendleman, Beckers did not calculate a single WISD for
all options on the same firm but only for those options
that had the same maturity. Thus for the Akzo example
mentioned before, Latané and Rendleman would have
calculated one WISD, while Beckers would have calculated
three WISD's, i.e. one for every maturity. We will refer
to this weighted ISD as the WISD.

2) Beckers argued that ISDs for deep in the money, close to
maturity options are usually extremely far out of line (up
to ten times the ISD of the corresponding at the money
option). Although the Latané and Rendleman weighing scheme
tends to put less weight on these outliers, Beckers
preferred the use of an alternative weighing scheme that
concentrated mainly on the ISD for at the money options
10). This method resulted in a BISD. This BISD tended to
put more weight on the options that were highly sensitive
upon an exact specification of the standard deviation than
the WISD did.

3) The third weighing scheme considered by Beckers, consisted
of simply using the ISD for the most sensitive option.
This was justified by the argument that all of the
available information should be reflected in the at-the-
money option and that all other options had too much noise
to be of any additional relevance. Although the most
sensitive option is usually the one which is slightly out
of the money, Beckers referred to it as the at the money
ISD, or AMISD.
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Just as in the case of the WISD, the BISD and AMISD were
calculated for options written on the same stock and having
the same maturity.
Beckers tested the predictive power of WISD, BISD and AMISD
in using a sample consisting of CBOE and NYSE daily closing
prices observed over the 75 trading day interval between
October 13, 19~5 and January 23, 1976. He concluded that the
BISD measure tended to outperform the WISD and that both were
in term inferior to the AMISD.
Beckers concluded that the ISDs were extremely volatile over
time. He argued that this could be due to an overestimation
of the market in case new information became available or to
the fact that a bid-ask spread exists on the options
exchange. The reported closing price reflects the price at
which the last trade has taken place. Due to the existence of
a bid-ask spread, the last trade may have been executed at
the bid price, the ask price or some price in between.
Taking into account these results Beckers argued that in
order to eliminate the estimation errors that might exist for
any single day, a five day arithmetic average ISD could be a
better predictor. He calculated results for a larger sample
and a longer time period. This sample existed of observation
intervals of five days each. For each five day interval the
following standard deviations were compared:
SSD - the actual standard deviation of stock price return

over the remaining life of the option;
SSD-1 - the actual standard deviation of stock price return

during the three month period preceding the interval
(historical standard deviation);
5

BISD : E BISDj~S (9)
j-1
5

AMISD - E AMISD~5 (10)j-1
FBISD z Fischer Black's standard deviation. These estimates

are sold by the Fisher Black's option pricing service



to option traders. Besides information based on ISDs
these estimates also include additional information.

Cost considerations prevented Beckers from calculating the
WISD. After running some empirical tests Beckers concluded
that, in general, the implied standard deviation is a better
predictor of future stock price variability than past
standard deviations. BISD and AMISD did better than SSD-1 in
practically all cases. Beckers also concluded that generally
AMISD had as least as much information content as BISD. This
tended to confirm his earlier results that introducing
additional options tended to worsen the predictive power of
the AMISD.
Finally Beckers concluded that the FBISD was a better
predictor than the BISD and the AMISD. The FBISD appeared to
be the best predictor in periods when all predictors
performed well, however it did not predict better in periods
when the other measures performed poorly.

4.4.4. The use of transaction data.

Beckers argued that the use of transactions data might
outperform the use of closing price data because of the
problems of non-simultaneousness of stock- and option prices
and of the existence of the bid-ask spread. He tested this
for a small subsample of his data set. On the basis of this
limited data he concluded that the ISD based on transactions
data tended to outperform the ISD based on closing price
data. However, he argued that a more extensive research would
be necessary.

4.5. The Brenner and Galai approach.

Except for Beckers (1981), all empirical work upon ISDs
derived from option prices discussed so far used weekly or
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daily closing prices. Latané and Rendleman (1976) and
Schmalensee and Trippi (19~8) used weekly closing prices and
Beckers (1981) used daily closing prices.
Brenner and Galai (1984) have argued that the use of
transaction data is in some cases superior to the use of last
weekly or daily observations data. In order to calculate
transaction data Brenner and Galai selected data from the
Berkeley Options Data Base which contaíns CBOE data. In this
data base, days are divided into intervals in which the price
of the underlying stock remains constant. During such an
interval the lowest and the highest option prices were
observed and the volume traded at the low price, the high
price, and the total volume. The prices that Brenner and
Galai used, in order to calculate ISDs from transactions
data, were selected by the relatíve volume traded. We will
refer to this ISD as the AISD. The ISD derived from daily
closing prices will be referred to as LISD. Brenner and Galai
expected the AISD to be superior over the LISD in case:
1) closing prices are nonsynchronous;
2) institutional factors bias the closing prices;
3) errors in the measurement of variables are random.
Brenner and Galai selected data on IBM stock and options for
98 consecutive days starting from June 3, 1977 to October 21,
1977 in order to test the relationship between AISD and LISD.
In order to account for dividend payments, Brenner and Galai
used an approximation used by Black (1975). In this method
the present value of all realized dividends paid before the
option's maturity are subtracted from the stock price and
this adjusted stock price is used in the B~S-formula. This
approach has two problems: the first problem is that
dividends are assumed to be certain. The second problem is
that the model ignores the possibility of early exercise.
Brenner and Galai first tested if LISD was different from
AISD. They came to the conclusion that in many cases not only
statistically significant deviations existed but that the
deviations were also large in absolute values.
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Brenner and Galai argued that if AISD would be a better
predictor of the "true" unobservable standard deviation of
the stock's rate of return at time t, the "true" standard
deviation should be hett.er predicted by AISDt-1 than by
LISDt-1. The results of a regression ran by Brenner and Galai
gave results consistent with their expectations. Brenner and
Galai concluded their paper by arguing that it seemed that
AISD is a more reliable measure than LISD simply because it
is based on more observations and gives very little weight to
the last transaction of the day. They emphasized that these
findings should be more pronounced using options on stock
that are less actively traded and~or have lower prices.

4.6. The van der Hilst study.

4.6.1. Introduction.

Van der Hilst (1982) has extended the previously discussed
studies in two ways:
1) he suggested to weigh the individual ISDs by the partial

derivative from the option price to the variance instead
of the partial derivative from the option price to the
standard deviation;

2) he discussed the use of the Merton model as an alternative
for the B~S-model.

4.6.2. The partial derivative from the option price to the
variance versus the partial derivative from the option price
to the standard deviation.

Van der Hilst calculated implied variances instead of implied
standard deviations. He weighted these implied variances by
the derivative for the option price to the variance. He did
not give a reason for selecting the derivative from the
option price over the derivative from the option price to the
standard deviation. On theoretical grounds we do not find it
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possible to give preference to one of the derivatives over
the other. For the B~S-model the derivative from the option
price to the standard deviation can be represented as:

-rT
dC - Ee N'(d2) ,L
da2 2a

We have calculated the outcomes of this derivative for the
Akzo example mentioned before. The results of this
calculation have been compared with the outcomes of the
squared derivative from the option price to the standard
deviation. All outcomes are presented in table 2.
From table 2 we can conclude that the weighing scheme of Van
der Hilst, who used the derivative from the option price to
the variance (column ~), may be different from the weighing
scheme of Latané and Rendleman, who have used the squared
derivative from the option price to the standard deviation
(column 6). This is especially true if we compare lines 10
and 11. The squared derivative from the option price to the
standard deviation (column 6) gives relatively more weight to
the option on line 11 (89,340) than to the option on line 10
(~2,~2~). For the derivative from the option price to the
variance (column ~) the weight given to the option on line 11
(12,~43) is lower than the weight given to the option on line
10 (15,115).
These differences also exist if options having the same
maturity are considered. This can be illustrated by comparing
lines 12 and 13. The squared derivative from the option price
to the standard deviation gives more weight to the option on
line 13 (115,455) than to the option on line 12 (108,368).
The derivative from the option price to the variance, on the
other hand, gives more weight to the option on line 12
(16,090) than to the option on line 13 (16,080).
It is also possible to calculate a weighted implicit
variance by weighing the individual implicit variances by



21

Table 2: Implied standard deviations and the derivatives of
the B~S-equation from the option price to the standard
deviation and from the option price to the variance for the
earlier mentioned Akzo eXample,

Time to Exercise Call-
expira- price option
tion price
(years)

Implied Squared Individ-
standard Indivi- ual
deviation dual weight

(1) (2) (3) (4) ( ~

weight (óCjt~
(óCjt~ óojt2)
óajt)z
(6) (7)

1 0,25 l 25.-- J 7.-- o,4oi 6,859 3.264

2 0,25 J 27.5o J 4,80

3 0.25 J 30.-- J 2.90

4 0,25 J 32.5o f 1,40

5 0,25 J 35.-- J o.90

6 0,5o J 25,-- f 8,40

7 0,50 J 27,50 f 6,--

8 0.5o J 30.-- f 4.--

9 0,5o f 32.5o J 2,50

10 0,5o f 35,-- f 1,60

1i o,75 f 30.-- f 5,60

12 0,75 J 32,5o J 3.90

0,345 15.777 5.756

o,3io 30,769 8.998

0,272 38,29i ii,372

0.322 30.592 8,500

0,476 30,393 5,800

o,36i 4o,22i 8,8i7

0,302 59,321 12,799

0,277 75,673 15.716

0,283 72,727 15,115

0.371 89.34o i2,743

0,324 108,368 i6,o90

13 0,75 J 35,-- J 3,-- 0.335 1i5,455 i6,o8o
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the derivative from the option price to the variance. If the
square root from this weighted implicit variance is taken, a
weighted implicit standard deviation results. If this
procedure is applied to the Akzo example a WISD of 0,32~
results. This WISD does not differ much from the WISD that
resulted by weighing the individual implicit standard
deviations by the derivative from the option price to the
standard deviation (i.e. 0.330). Further research is
necessary to prove if more important differences may exist in
other cases.

If the option with the highest weight should be selected from
all options (over different maturities), differences may
exist between the different weighing schemes ( compare lines
10 and 11). These differences may also exist if options
having the same maturity are considered ( compare lines 12 and
13). We have already mentioned the fact that on theoretical
grounds it is not possible to give preference to one of the
derivatives (dC~do of BC~daz) over the other.

4.6.3. The use of the Merton Model.

Van der Hilst (1982) has suggested the use of the Merton
model instead of the B~S-model in order to calculate ISDs.
The advantages of the Merton model over the B~S-model are:
1) it is a simple way of taking dividend payments into

account;
2) as we have seen in paragraph 3.2. more ISDs can be

calculated if the Merton model is used instead of the B~S-
model.

The Merton model calculates lower option prices than the B~S-
model, this is due to the fact that dividend payments are
taken into account. Therefore the ISDs calculated using the
Merton Model are lower than the ISDs calculated using the
B~S-model. This difference increases if the dividend yield
increases.
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4.~. Some concluding remarks.

4.7.1. The "term structure of volatilitv".

In paragraph 4.4.3. we have already noticed that Latané and
Rendleman calculated one WISD for all options that were
traded on a specific date while Beckers argued that a WISD
should be calculated for each maturity. Beckers stated that a
distinction should be made between options written on the
same stock but having different maturities since they have
different time horizons. He argued that the market's
perception of the stock's volatility over the remaining life
of the option could therefore differ depending upon the time
to maturity. Brenner and Subrahmanyam ( 1988) agree with
Beckers that different perceptions exist on short-run versus
long-run volatility. They call this "the term structure of
volat.i I f t.y".
Kemna (198~) tested fourteen ( European Options Exchange)
options for three different maturities over the period from
13~08~1984 till 28~12~1984. She concluded that the near-term
average ISD was always significantly different from the
middle- and long-term average ISD and that the middle-term
average ISD was in eleven out of fourteen cases significantly
different from the long-term ISD. She also concluded for
twelve out of fourteen cases that an increase in the time to
maturity led to a decrease in the average ISD.

4.~.2. A simple formula to compute the ISD.

In practice the ISD is calculated using a numerical procedure
such as the Newton-Rhapson method (Bjorck and Dahlquist
(1974)). Brenner and Subrahmanyam (1988) have suggested a
simple formula to calculate the ISD.
Brenner and Subrahmanyam argued that the best estimates for
the volatility are obtained from at-the-money options. This
was also recognized by Beckers (1981). In order to derive
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their formula Brenner and Subrahmanyam defined an at-the-
money option is one which exercise price is given by:

(12)

Using equation ( 12) Brenner and Subrahmanyam derived the
value of an at-the-money call-option (Cs) for the B~S-model:

cs - 0.398 S o fT

The value of the ISD is given by:

a - Cs
o.398s T

For example if:
S - J 49,25.
E - J 50.--,
T - 0,25 years;
r - 0,06;
Cs - J 5,25.

(13)

(14)

Using equation (14) the ISD can be calculated as 0,54.
Unfortunately not always an option exists that is exactly at
the money. Consider the Akzo example:
S - J 31.10;
E - J 32.50.
T - 0,25 years;
r - 0,10;
Cs - f 1,40.
If we calculate the ISD using equation (14), an ISD of 0,2262
results. Using a numerical procedure we have concluded that
the true ISD must be 0,2724, in other words, if equation (14)
is used a difference of 20X results. We find this difference
unacceptable in order to make calculations, especially if we
take the fact into account that some options (e.g. Nedlloyd,
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Aegon) are less actively traded than Akzo, so that it is even
more difficult to find an option that is (nearly) at the
mor,ey. We conclude that the usefulness of the formula
developed by Brenner and Subrahmanyam is quite limited.

5. Problems in the use of ISDs as predictors of future
standard deviations.

5.1. Introduction.

According to Brenner and Galai (1982) implied standard
deviations seem to suffer from the following shortcomings:
a) ISDs are rather unstable;
b) due to the non-synchronization of stock and option

markets, the ISD does not have to give the correct
volatility;

c) when ISDs are used, possible estimation biases in the
measurement of other parameters can also lead to a bias in
the volatility measure.

We will discuss each of these problems in separate sections.

5.2. The unstability of the ISD.

The ISD is calculated under the assumptions that the B~S-
model is correct and that option and stock markets are
efficient and synchronous. If all of these assumptions hold,
than the ISD is stationary over Y,ime, across mnturities and
strikin~; pr.ices.

Latané and Rendleman (19~6) already noticed that the ISDs
derived from options written on the same stock differed over
maturities and exercise prices. This led Beckers (1981) to
note that there is a basic inconsistency in using the B~S-
model to obtain predictions of the presumably non-stationary

variance. However, he argued, the empirical results of Latané
and Rendleman have indicated that their approach is valuable,
at least from a pragmatic standpoint.
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Kemna (198~) tested the stability of ISDs over time. With
this aim she divided the data sample in two subsamples of
each ten weeks. For each subsample an average ISD was
calculated. In only two out of fourteen cases the ISD of the
first ten weeks equated the ISD of the second ten weeks.
Kemna also constructed a second test. In this test the data-
sample was divided into fourteen periods of ten days each.
This second test also revealed that the ISD was not constant
over time. It is noteworthy, however, that the degree of
change over time was different per stock.
Van der Hilst (1982) calculated a WISD for options, written
on three different stocks, over four consecutive intervals.
He calculated WISDs using the Merton model. His results are
presented in table 3.
Van der Hilst concluded from this example that the ISD was
especially unstable in the case of Royal Dutch.

Table 3: WISDs calculated using the Merton model.
period 1 period 2 period 3 period 4
Jan-April April-Julv Julv-Oct Oct-July

Akzo 0.369 0.326 0.333 0.361

Royal D. 0.077 0.100 0.152 0.211

Philips o.241 0.266 0.255 0.259

Van der Hilst mentions the following factors that may be due
to the instability of the ISDs:
1) the discrete price setting process;
2) the price setting on the Exchange is sometimes artificial

in case only a few options are being traded; we notice
that this may especially be relevant for less actively
traded funds such as Aegon or Nedlloyd;

3) options are of the American type instead of the European
type;



4) prices are rounded off at ten cents;
5) a constant interest rate of lOX has been assumed;
6} the existence of transaction costs;
7) the fact that there is no perfect synchronization between

the price setting at the European Options Exchange (EOE)
and the Amsterdam Stock Exchange.

The last mentioned problem will be discussed in the next
section.

5.~. The non synchronization between stock and option
markets.

In section 4.5. we have discussed the paper written by
Brenner and Galai (1984). They have argued that the problem

of non-synchronization can be dealt with if transaction data
are used instead of closing price data.

5.4. Estimation biases in the measurement of the other
parameters.

Besides the volatility variable the following factors are
needed as inputs for the B~S-model: the price of the
underlying stock, the exercise price, the time to maturity
and the riskless interest rate. The stock price, exercise
price and maturity are directly observable. A somewhat
difficult parameter to estimate is the riskless interest
rate. A completely riskless interest rate does not exist.
However, the yield on Dutch or (U.S.) treasury bonds is a
good approximation. Besides Lhat the B~S-formula is not very
sensitive for an estimation error in the interest rate
(Jarrow and Rudd (1983), page 11~-121).
A more important problem is the dividend estimation. The only
simple dividend correction is the inclusion of continuous
dividend payments (the Merton model). In this case the
possibility of early exercise for American options cannot be
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included. Besides that the continuous dividend yield is
difficult to estimate thus approximations will always be
biased. Therefore if the ISD is to be estimated from the
Merton model, the measure of ISD is likely to be biased
because of a misspecification of the continuous dividend
yield. A more precise dividend correction is necessary. This
brings us to the binominal model or the Geske model. These
models require, as we have already mentioned, numerical
solution.
The problem remains, even using these models, that the future
dividend payments will always be uncertain. Therefore the
dividend estimation will always be biased, leading to a
biased ISD.

6. Summary and conclusions.

Zn this paper we have discussed the implied standard
deviation (ISD) as a predictor of future stock price
variability. The implied standard deviation is the standard
deviation that results if the market price of the option is
equated to its model price.
Because not all options are equally sensitive to an exact
specification of the standard deviation, some kind of a
weighing scheme for individual ISDs must be developed in
order to come to a weighted implied standard deviation. If
all the individual standard deviations are weighted by the
partial derivative of the Black and Scholes equation with
respect to each single standard deviation, the WISD results.
Latané and Rendleman (19~6) concluded that this WISD is a
better predictor of future standard deviations than
historical standard deviations are. Besides that Latané and
Rendleman concluded that no strong relationship existed
between the WISD and historical standard deviations.
Beckers (1981) concluded that a weighted ISD that gave
relatively more weight to at the money options, the so-called
BISD, was a better predictor of future standard deviations
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than the WISD. This BISD was in term inferior to the ISD with
the highest weight of the derivative from the option price to
the standard deviation. Beckers explained this by the fact
that this standard deviation reflected all available
information and that the other options contained too much
noise to be of any additional relevance.
Beckers also introduced the theory that only a weighted ISD
should be calculated for options with the same maturity,
because the market's perception of the stock's volatility
over the remaining life of the options may differ upon the
time to maturity. Evidence for this "time structure of
volatility" was found by Kemna (198~).
Although much evidence has been found that a weighted ISD is
a bett.er predictor of future standard deviations than
histur~icrrl strrndrrrd dev~al.ions are, some problems are
attached to the use of the ISD. The following problems are
mentioned by Brenner and Galai (1982):
1) due to the non-synchronization of stock and option

markets, the ISD does not have to give the correct
volatility;

2) I5D's are rather unstable;
3) when ISD's are used, possible estimation biases in the

measurement of other parameters can also lead to a bias in
the volatility measure.

The problem of non-synchronization of stock- and option
markets can be resolved if transactions data are used instead
of closing price data. Evidence has been found by Beckers
(1981) and Brenner and Galai (1984).
The unstability of ISDs has been tested by Kemna (198~) and
Van der Hilst (1982). Both concluded that the ISD was not
constant over time, but that the degree of change over time
was different per stock.

Possible estimation biases in the measuremerrt of the discrete
dividends to be paid in the future (in the binominal model or
the Geske model) or the future continuous dividend yield (in
the Merton model) will probably lead to a bias in the ISD.
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We conclude this paper by arguing that the implied standard
deviation is a better predictor of future standard deviations
than historical standard deviations are, but that caution
should be exercised in the calculation and interpretation of
the implied standard deviations.

Footnotes-
~) The author ís research fellow at Tilburg University. He

wishes to thank drs. P.J.W. Duffhues, dr. J. van der
Hilst and prof, dr. P.W. Moerland for comments on an
earlier draft.

1) A European call-option is an option that can only be
exercised at its maturity. An American call-option can be
exercised at any time until its maturity.

2) The square of the standard deviation of the stock's
distribution of rates of return is the variance of the
stock's distribution of rates of return (az).

3) A compound option is an option on an option. Geske (1979)
argued that a call-option on the firm's stock is a
compound option, because a firm's equity can be
considered as a call-option on the firm.

4) According to Brenner and Subrahmanyam (1988) this
approach was also suggested by R. Reback and W. Sharpe in
a working paper titled: "Estimation of market uncertainty
based on option prices". However this paper, written at
the same time Latané and Rendleman (1976) wrote their
paper, was never published.

5) At-the-money options are options with an exercise price
close to the currently prevailing market price of the
stock. In-the-money options have an exercise price which
is lower than the stock price. Out-of-the money options
have an exercise price which is higher than the stock
price.

6) In their original paper their weighing scheme was
reported in error in footnote 4. Therefore a
rectification was placed in the Journal of Finance, 1979.
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page 1083.
~) We notice that the actual (realized) standard deviations

of series 3 and 4 could of course only be calculated ex
post, while investors have to make calculations of
standard deviations ex ante.

8) The follawing options were excluded by Schmalensee and
Trippi (19~8):
a) options having prices less than ~ 1,00;
b) options having p.rices less than lx of the price of the

underlying stock (S);
c) in case the exercise price of' the option (E) was

below the stock price (S), options having prices less
than: 1,5(S-E);

d) options having remaining lives less than three weeks.
9) Dorsman (1988) has examined this for the Dutch situation.

He calculated that on the ex-dividend data, the price
fell by approximately ~3~5X of the gross value of the
dividend.

10) Specifically, on any single observation day the
following loss function was minimized:

N
E dj [Cj - Cb~Sj (ISD)]z

f(ISD) - j-1
N
E (dCj~daj)

j-1

(15)

where:
C - market price of option j;

Cb~sj - H~S-option price as a funct.ion of' t,hc~ 1SD;

N - total number of options on a given stock with the
same maturity.

References:

- Beckers, S.: "Standard deviations as predictors of future
stock price variability", Journal of Banking and Finance,
1981, Page 363-381.



32

- Bjorck, A, and Dahlquist, G.: "Numerical Methods", Prentice
Hall, 1974.

- Black, F.: "Facts and Fantasy in the use of options",
Financial Analysts Journal, July-August 1975, page 36-41
and 61-72.

- Black, F. and Scholes, M.: "The pricing of options and
corporate liabilities", Journal of Political Economy, May-
June 1973, page 637-659.

- Brealey, R.: "Security prices in a competitive market: more
about risk and return from common stocks", M.I.T. Press,
Cambridge, MA, 1971.

- Brennan, M.J. and Schwartz, E.S.: "The valuation of
American put options", Journal of Finance, 1977, page 449-
464.

- Brenner, M. and Galai, D.: "A note on measuring the risk of
common stocks implied by option prices", Working Paper
Series nr. 278, University of New York, 1982.

- Brenner, M. and Galai, D.: "On measuring the risk of common
stocks implied by option price: a note", Journal of
Financial and Quantitative Analysis, December 1984, page
403-412.

- Brenner, M. and Subrahmanyam, M.G.: "A simple formula to
compute the implied standard deviation", Financial Analysts
Journal, September-October 1988, page 80-83.

- Cox, J.C. and Rubinstein, M.: "Options Markets", Englewood
Cliffs, New York, Prentice-Hall, Inc., New Jersey, 1985.

- Dorsman, A.: "Dividend en dividendpolitiek", Stenfert
Kroese, Leiden, 1988.

- Galai, D.: "A survey of empirical tests of option pricing
models", in M. Hrenner, ed., "Option Pricing", Lexington,
Mass.: D.C. Heath, 1983. page 45-80.

- Geske, R.: "A note on an analytical formula for unprotected
American call options on stocks with known dividends",
Journal of Financial Economics, December 1979. page 375-
380.

- Hilst, van der, J.: "De impliciete variantie uit



33

optieprijzen van de EOE", Onderzoekspaper, Katholieke
Hogeschool 'filburg, 1y81, kenmerk: 3"L3.81.093.

- Hilst, van der, J.: "De impliciete variantie uir. opties",
Bedrijfskunde, 1982, page 282-288.

- Hilst, van der, J.: "De verdeling van de toekomstige
aandelenprijzen", Tilburg University Press, Tilburg, 1989.

- Jarrow, R.A. and Rudd, A.: "Option Pricing", Irwin. Inc.,
Illinois, 1983.

- Latané, H.A. and Rendleman, R..7.: "Standard deviations of
stock price ratios implied in option prices", Journal of
Finance, 19~6, page 369-381, and: "Author's correction",

Journal of Finance, 1979, page 1083.
- Kemna, A.G.Z.: "Options in real and financial markets",

Offsetdrukkerij Kanters B.V., Alblasserdam, 1987.
- Rubinstein, M.: "Nonparametric tests of alternative option
pricing models using all reported trades and quotes on the
30 most active CBOE option classes from August 23, 19~6
through August 31, ~9~8, Journal of Finance, 1985, page
455-480.

- Schmalensee, R. and Tc~ippi, R.R.: "Common stock volatility

expectations implied by option premia", Journal of Finance,
March 19~8, page 129-14~.

- Verboven, A.H.F.: "De waardering van Amerikaanse

aandelenopties met discrete dividenduitkeringen",
Bedrijfskunde, 1989, page 86-93.



1

IN 1988 REEDS VERSCHENEN

29~ Bert Bettonvil
Factor screening by sequential bifurcation

298 Robert P. Gilles
On perfect competition in an economy with a coalitional st.ruct.ure

299 Willem Selen, Ruud M. Heuts
Capacitated Lot-Size Production Planning in Process Industry

300 J. Kriens, J.Th. van Lieshout
Notes on the Markowitz portfolio selection method

301 Bert Bettonvil, Jack P.C. Kleijnen
Measurement scales and resolution IV designs: a note

302 Theo Nijman, Marno Verbeek
Estimation of time dependent parameters in lineair models
using cross sections, panels or both

303 Raymond H.J.M. Gradus
A differential game between government and firms: a non-cooperative
approach

304 Leo W.G. Strijbosch, Ronald J.M.M. Does
Comparison of bias-reducing methods for estimating the parameter in
dilution series

305 Drs. W.J. Reijnders, Drs. W.F. Verstappen
Strategische bespiegelingen betreffende het Nederlandse kwaliteits-
concept

306 J.P.C. Kleijnen, J. Kriens, H. Timmermans and H. Van den Wildenberg
Regression sampling in statistical auditing

30~ Isolde Woittiez, Arie Kapteyn
A Model of Job Choice, Labour Supply and Wages

308 Jack P.C. Kleijnen
Simulation and optimization in production planning: A case study

309 Robert P. Gilles and Pieter H.M. Ruys
Relational constraints in coalition formation

310 Drs. H. Leo Theuns
Determinanten van de vraag naar vakantiereizen: een verkenning van
materiële en immateriële factoren

311 Peter M. Kort
Dynamic Firm Behaviour within an Uncertain Environment

312 J.P.c. Blanc
A numerical approach to cyclic-service queueing models



11

313 Drs. N.J. de Beer, Drs. A.M. van Nunen, Drs. M.O. Nijkamp
Does Morkmon Matter?

314 Th. van de Klundert
Wage differentials and employment in a two-sector model with a dual
labour market

315 Aart de Zeeuw, Fons Groot, Cees Withagen
On Credible Optimal Tax Rate Policies

316 Christian B. Mulder
Wage moderating effects of corporatism
Decentralized versus centralized wage setting in a union, firm,
government context

31~ Jtirg Glombowski, Michael Krtiger
A short-period Goodwin growth cycle

318 Theo Nijman, Marno Verbeek, Arthur van Soest
The optimal design of rotating panels in a simple analysis of
variance model

319 Drs. S.V. Hannema, Drs. P.A.M. Versteijne
De toepassing en toekomst van public private partnership's bij de
grote en middelgrote Nederlandse gemeenten

320 Th. van de Klundert
Wage Rigidity, Capital Accumulation and Unemployment in a Small Open
Economy

321 M.H.C. Psardekooper
An upper and a lower bound for the distance of a manifold to a nearby
point

322 Th. ten Raa, F. van der Ploeg
A statistical approach to the problem of negatives in input-output
analysis

323 P. Kooreman
Household Labor Force Participation as a Cooperative Game; an Empiri-
cal Model

324 A.B.T.M. van Schaik
Persistent Unemployment and Long Run Growth

325 Dr. F.W.M. Boekema, Drs. L.A.G. Oerlemans
De lokale produktiestructuur doorgelicht.
Bedrijfstakverkenningen ten behoeve van regionaal-economisch onder-
zoek

326 J.P.C. Kleijnen, J. Kriens, M.C.H.M. Lafleur, J.H.F. Pardoel
Sampling for quality inspection and correction: AOQL performance
criteria



111

327 Theo E. Nijman, Mark F.J. Steel
Exclusion restríctions in instrumental variables equations

328 B.B, van der Genugten
Estimation in linear regression under the presence of heteroskedas-
ticity of a completely unknown form

329 Raymond H.J.M. Gradus
The employment policy of government: to create jobs or to let them
create?

330 Hans Kremers, Dolf Talman
Solving the nonlinear complementarity problem with lower and upper
bounds

331 Antoon van den Elzen
Interpretation and generalization of the Lemke-Howson algorithm

332 Jack P.C. Kleijnen
Analyzing simulation experiments with common random numbers, part II:
Rao's approach

333 Jacek Osiewalski
Posterior and Predictive Densities for Nonlinear Regression.
A Partly Linear Model Case

334 A.H. van den Elzen, A.J.J. Talman
A procedure for finding Nash equilibria in bi-matrix games

335 Arthur van Soest
Minimum wage rates and unemployment in The Netherlands

336 Arthur van Soest, Peter Kooreman, Arie Kapteyn
Coherent specification of demand systems with corner solutions and
endogenous regimes

337 Dr. F.W.M. Boekema, Drs. L.A.G. Oerlemans
De lokale produktiestruktuur doorgelicht II. Bedrijfstakverkenningen
ten behoeve van regionaal-economisch onderzoek. De zeescheepsnieuw-
bouwindustrie

338 Gerard J. van den Berg
Search behaviour, transitions to nonparticipatíon and the duration of
unemployment

339 W.J.H. Groenendaal and J.W.A. Vingerhoets
The new cocoa-agreeroent analysed

340 Drs. F.G. van den Heuvel, Drs. M.P.H. de Vor
Kwantificering van ombuigen en bezuinigen op collectieve uitgaven
1977-1990

341 Pieter J.F.G. Meulendijks
An exercise in welfare economics (III)



1V

342 W.J. Selen and R.M. Heuts
A modified priority index for Gtinther's lot-sizing heuristic under
capacitated single stage production

343 Linda J. Mittermaier, Willem J. Selen, Jeri B. Waggoner,
Wallace R. Wood
Accounting estimates as cost inputs to logistics models

344 Remy L. de Jong, Rashid I. A1 Layla, Willem J. Selen
Alternative water management scenarios for Saudi Arabia

345 W.J. Selen and R.M. Heuts
Capacitated Single Stage Production Planning with Storage Constraints
and Sequence-Dependent Setup Times

346 Peter Kort
The Flexible Accelerator Mechanism in a Financial Adjustment Cost
Model

34~ W.J. Reijnders en W.F. Verstappen
De toenemende importantie van het verticale marketing systeem

348 P.C. van Batenburg en J. Kriens
E.O.Q.L. - A revised and improved version of A.O.Q.L.

349 Drs. W.P.C. van den Nieuwenhof
Multinationalisatie en co~rdinatie
De internationale strategie van Nederlandse ondernemingen nader
beschouwd

350 K.A. Bubshait, W.J. Selen
Estimation of the relationship between project attributes and the
implementation of engineering management tools

351 M.P. Tummers, I. Woittiez
A simultaneous wage and labour supply model with hours restrictions

352 Marco Versteijne
Measuring the effectiveness of advertising in a positioning context
with multi dimensional scaling techniques

353 Dr. F. Boekema, Drs. L. Oerlemans
Innovatie en stedelijke economische ontwikkeling

354 J.M. Schumacher
Discrete events: perspectives from system theory

355 F.C. Bussemaker, W.H. Haemers, R. Mathon and H.A. Wilbrink
A(49,16,3,6) strongly regvlar graph does not exist

356 Drs. J.C. Caanen
Tien jaar inflatieneutrale belastingheffing door middel van vermo-
gensaftrek en voorraadaftrek: een kwantitatieve benadering



357 R.M. Heuts, M. Bronckers
A modified coordinated reorder procedure under aggregate investment
and service constraints using optimal policy surfaces

358 B.B. van der Genugten
Linear time-invariant filters of infinite order for non-stationary
processes

359 J.C. Engwerda
LQ-problem: the discrete-time time-varying case

360 Shan-Hwei Nienhuys-Cheng
Constraints in binary semantical networks

361 A.B.T.M. van Schaik
Interregional Propagation of Inflationary Shocks

362 F.C. Drost
How to define UMVU

363 Rommert J. Casimir
Infogame users manual
Rev 1.2 December 1988

364 M.H.C. Paardekooper
A quadratically convergent parallel Jacobi-process for diagonal
dominant matrices with nondistinct eigenvalues

365 Robert P. Gilles, Pieter H.M. Ruys
Characterization of Economic Agents in Arbitrary Communication
Structures

366 Harry H. Tigelaar
Informative sampling in a multivariate linear system disturbed by
moving average noise

367 Jtirg Glombowski
Cyclical interactions of politics and economics irr an abstract
capitalist economy



V1

IN 1989 REEDS VERSCHENEN

368 Ed Nijssen, Will Reijnders
"Macht als strategisch en tactisch marketinginstrument binnen de
distributieketen"

369 Raymond Gradus
Optimal dynamic taxation with respect to firms

370 Theo Nijman
The optimal choice of controls and pre-experimental observations

371 Robert P. Gilles, Pieter H.M. Ruys
Relational constraints in coalition formation

372 F.A. van der Duyn Schouten, S.G. Vanneste
Analysis and computation of (n,N)-strategies for maintenance of a
two-component system

373 Drs. R. Hamers, Drs. P. Verstappen
Het company ranking model: a means for evaluating the competition

374 Rommert J. Casimir
Infogame Final Report

375 Christian B. Mulder
Efficient and inefficient institutional arrangements between go-
vernments and trade unions; an explanation of high unemployment,
corporatism and union bashing

376 Marno Verbeek
On the estimation of a fixed effects model with selective non-
response

377 J. Engwerda
Admissible target paths in economic models

378 Jack P.C. Kleijnen and Nabil Adams
Pseudorandom number generation on supercomputers

379 J.P.C. Blanc
The power-series algorithm applied to the shortest-queue model

380 Prof. Dr. Robert Bannink
Management's information needs and the definition of costs,
with special regard to the cost of interest

381 Bert Bettonvil
Sequential bifurcation: the design of a factor screening method

382 Bert Bettonvil
Sequential bifurcation for observations with random errors



V11

383 Harold Houba and Hans Kremers
Correction of the material balance equation in dynamic input-output
models

384 T.M. Doup, A.H. van den Elzen, A.J.J. Talman
Homotopy interpretation of price adjustment processes

385 Drs. R.T. Frambach, Prof. Dr. W.Ii.J. de Freytas
Technologische ontwikkeling en marketing. Een oriënterende beschou-
wing

386 A.L.P.M. Hendrikx, R.M.J. Heuts, L.G. Hoving
Comparison of sutomatic monitoring systems in automatic forecasting

387 Drs. J.G.L.M. Willems
Enkele opmerkingen over het inversificerend gedrag van multinationale
ondernemingen

388 Jack P.C. Kleijnen and Ben Annink
Pseudorandom number generators revisited

389 Dr. G.W.J. Hendrikse
Speltheorie en strategisch management

390 Dr. A.W.A. Boot en Dr. M.F.C.M. Wijn
Liquiditeit, insolventie en vermogensstructuur

391 Antoon van den Elzen, Gerard van der Laan
Price adjustment in a two-country model

392 Martin F.C.M. Wijn, Emanuel J. Bijnen
Prediction of failure in industry
An analysis of income statements

393 Dr. S.C.W. Eijffinger and Drs. A.P.D. Gruijters
On the short term objectives of daily intervention by the Deutsche
Bundesbank and the Federal Reserve System in the U.S. Dollar -
Deutsche Mark exchange market

394 Dr. S.C.W. Eijffinger and Drs. A.P.D. Gruijters
On the effectiveness of daily interventions by the Deutsche Bundes-
bank and the Federal Reserve System in the U.S. Dollar - Deutsche
Mark exchange market

395 A.E.M. Meijer and J.W.A. Vingerhoets
Structural adjustment and diversification in mineral exporting
developing countries

396 R. Gradus
About Tobin's marginal and average q
A Note

397 Jacob C. Engwerda
On the existence-~f a positive def'inite solutiott of the matrix
equation X. ATX A- I



V111

398 Paul C. van Batenburg and J. Kriens
Bayesian discovery sampling: a simple model of Bayesian inference in
auditing

399 iians Kremers and Dolf Talman
Solving the nonlinear complementarity problem

400 Raymond Gradus
Optimal dynamic taxation, savings and investment

401 W.H. Haemers
Regular two-graphs and extensions of partial geometries

402 Jack P.C. Kleijnen, Ben Annink
Supercomputers, Monte Carlo simulation and regression analysis

403 Ruud T. Frambach, Ed J. Nijssen, William H.J. Freytas
Technologie, Strategisch management en marketing

404 Theo Nijman
A natural approach to optimal forecasting in case of preliminary
observations

405 Harry Barkema
An empirical test of Holmstrtim's principal-agent model that tax and
signally hypotheses explicitly into account

406 Drs. W.J. van Braband
De begrotingsvoorbereiding bij het Rijk

40~ Marco Wilke
Societal bargaining and stability

408 Willem van Groenendaal and Aart de Zeeuw
Control, coordination and conflict on international commodity markets

409 Prof. Dr. W. de Freytas, Drs. L. Arts
Tourism to Curacao: a new deal based on visitors' experiences



N I~ G~N~~ tl~ YM~ M ~!~m~mW 1 0


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38
	page 39
	page 40
	page 41
	page 42
	page 43
	page 44

