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The influence of the calculation-interval on the distribution
of returns at the Amsterdam Stock Exchange.

Par.l. Introduction.

Since Markowitz' (1952,1959) introduction of the element of
risk in investment analysis, beside the expected return, much em-
phasis has been put on the efficient market hypothesis. This hy-
pothesis implies that stock prices contain all relevant informa-
tion and that it is not possible to obtain a better result t~ian
the market by means of knowledge of information. Fama (1970) dis-
tinguished three forms: the weak, the semi-strong and the strong
form. The weak form implies that from past price-behaviour no in-
formation can be obtained that is relevant for the price-develop-
ment in the future. According to the semi-strong form it is not
possible to design a profitable strategy by means of published in-
formation. Finally Fama distinguished the strong form. When this
form applies, it is not possible, not even for insiders, to use
their specialistic knowledge in a profitable way.

When testing the weak form, predictions made on the basis
of data from the past, such as price and return data, are investi-
gated onprofitability. One can suffice with the comparison of the
realised result and the comparable result of the buy and hold stra-
tegy-or witn t~~e investigation of a statistical link between the
succeeding price-clianges,
However with the semi-strong form the price-development of a stock
after the publication of the relevant information (for instance an
earnings-announcement) has to be compared with the price-develop-
ment that should have taken place if the information concerned had
not been provided. By means of a theoretical model, for instance
the market model, this last price-development is simulated. Also
with the investigation of the strong form, a theoretical model is
necessary.

In the theoretical models, used for above mentioned simula-
tions, a relation has been made between the return of stock i over
period t,Rit, and the market return over period t, Rmt'



The market-model is as follows:

Ri t- a í } ~~`~ i Rmt } Ei t (1)

In the theoretical models the return of stock i as well as the market
return are supposed to be normally distributed.

The first person to express an opinion on the return-distribu-
tion was Bachelier (1900), who suggested the random walk model in
1900.
Bachelier arrived at this model after his research into the price-be-
haviour of government bonds at the French stock exchange. After a
very long time Qsborne (1959) arrived at a similar model. Bachelier
and Osborne hypothesized that price-fluctuations of an individual
stock behaved independently from transaction to transaction and that
they are a random sample out of the same probability distribution.
According to Bachelier and Osborne the number of transactions is uni-
formly distrib.uted i.n time and the price-fluctuations form trans-
action to transaction have a limited variance. In case of a large
number of transactions, the central limit-theorem can be applied.

Bachelier nor Osborne succeeded in giving the empirical evi-
dence of the normality assumption. Moore (1962) and Kendall (1953)
were able to produce this evidence but they observed that the dis-
tribution function was leptokurtic, that is, there were too many
terms both near the mean and in the tails. Hereafter Mandelbrot
(1963) introduced his Pareto-distribution. Fama (1963,1965) endorsed
the hypothesis of Mandelbrot that the returns behave according to
a Pareto-distrib.ution. Levy (1925,1937) has proved that the Pareto
distribution is the only possible limit-distribution of the sums
of i,ndependent variables.



Par.2. The Data and the classification of this research.

In this research the daily closing-prices and the week-prices
of 52 stocks, from which the ANP-CBS index - a market index of the
Amsterdam Stock Exchange - is composéd, are used. As week-prices
the closing-prices of Thursday are taken. The period observed be-
ginson2January 1979 and ends on 16 December 1981.In this research
the returns are defined as follows:

Rit - ln (Pit f Dit) - ln (Pi~t-1) (2)

where Pit

Pi,t-1
and Dit

is the price of stock i at the end of period t,
corrected for stock-dividends, splít-ups, etcetera;
is the price of stock i at the end of period t-1;
is the cash-dividend received for stock i at the
end of period t.

The use of R~t in the study of stock price movements can be justi-
fied on theoretical and empirical grounds. A few of these justifi-
cations were given by Fama (1965, pp 45-46). An extensive list can
be found in Granger and Morgenstern (1970, pp 107-108). One of them
is that Rit are sums of the independent changes of transaction pri-
ces during day t.

The purpose of this article is to investigate whether the re-
turns of the stocks, noted on the Amsterdam Stock Exchange behave
according to a normal distribution or- whenever this does not appear
to be the case - according to a stable Pareto-distribution.
An important condition for the normality is the independence of the
succeeding returns. By means of autocorrelation-tests the indepen-
dence can be investigated. In paragraph 3 the results of the inves-
tigation of autocorrelation are presented. In this paragraph the
student-range is reviewed as well. The student range gives a rough
indication about the normality of the stock-returns. As the normal
distribution is an exceptional Pareto-distribution, the research
can be confined to the Pareto-distribution. In paragraph 4 the Pare-
to-distribution will be described. Then the characteristic exponent
fqr the stocks are investigated. This article ends with paragraph 5
in which a Summary and the conclusions, to which this research has
coled, are given.



Par.3. The autocorrelation and the student range.

For the research of the independence of the succeeding returns
the autocorrelation test of Kendall (1968) has been used.
Here the autocorrelations of the stocks are defined with a"lag" of
k periods, k- 1, 2, ..., 10. In table 1 it is shown how many times
the autocorrelation coefficients of each stock differ significantly
from zero at a( - 5~.

Table 1 Number of times that the autocorrelations differ signifi-
cantly from zero, for daily data as well as weekly data
with a - 5~.

stock daily weekly

1 2 1 2

Internationals 2 50 4 50
Industrials 10 ?40 9 240
Ship- and Airtraffic 0 30 6 30
Banks 5 40 3 40
Insurance 5 40 1 40
Trade and Miscellaneous 16 120 22 120

Total 38 520 45 520

1- number of times that the autocorrelations differ significant-
ly from zero

2- the total autocorrelations in the research.



From table 1 it appears that from the daily data 38 of the 520
investigated autocorrelations (7,3Í) significantly differ from zero.
For the weekly data this number is 45 (8,7~). If we leave out Ogem,
regarding the prospects of this company (bankruptcy), then with the
daily data 29 cases of the investigated autocorrelations (5,7~)
differ significantly from zero and with the weekly data this number
is 36 (7,1~). The number of autocorrelations that differs signifi-
cantly from zero for daily data as well as for weekly data is extre-
mely low.
Appearently, one condition for the normality has been reasonably met;
the succeeding returns are independent.

Of the returns at the Amsterdam Stock Exchange the independen-
cy has also been investigated by Dorsman and de Gooijer ( 1983).
Their data contained the price series of twenty stocks. They found
out that for daily data in 16 out of the 120 cases (13,31) the inde-
pendence of the succeeding returns should be rejected. The results
obtained for the Amsterdam Stock Exchange are rather different. There
may be several reasons for this. First of all, the period investigated
by Dorsman and de Gooijer ( 1975-1978) is not the same as the one
investigated in this research ( 1979-1981). In the years 1975-1978 the
Amsterdam Stock Exchange did not show either an upward or a downward
movement, while in the period 1979-1981 the stock prices dropped
ge.nerally.

A second cause may be that the number of investigated stocks
differs. There are 17 stocks which appear in both studies. When of
these 17 stocks for the period 1979-1981 the autocorrelations for
"lag" k, in which k - 1,2,3,4,5,10 are investigated, it appears that
in 7 qut of the 102 cases ( 6,9~) significancy is shown. For the
period 1975-1978 of these 7 cases significancy was shown only at
three times. When autocorrelations are investigated on significan-
cy , the results obtained appear to be dependent on the period in-
vestigated. However irrespective of the period investigated, the
hypothesis that returns are distributed independently, cannot be re-
jected.



In table 2 for each group of stocks the average value, the
number of significant positive values and the number of positive
values of the autocorrelation coefficients with a"lag" of 1, here-
after referred as R(1), is given. The division used in groups is
the same as the division in groups of the ANP-CBS index. In appendix
1 it is given for each group which stocks it contains.

Table 2a The average-value of R~1~, the number of significant------- ----- ------------------ -
positive-values-of-R~l~-and-the-number-of-positive
values-of-R~l~-for daily-data. - -

group av. R(1) R(1) ~ 2~1~` pos. R(1)

Internationals t0.023 1~5 3~5
Industry t0,038 8~24 18~24
Shípping and Airlines f0.003 0~3 2~3
Banking f0.092 2~4 4~4
Insurances tQ.090 3~4 4~4
Trade and various t0.052 5~12 8~12

Total t0.0458 19~52 39~52

Table 2b The average-value-of-R~1~,-the-number-of-significant
positiye-values-of-R~l~-and-the-number-of-positive
values-of-R~l~-for-weekly-data.

group ay. R(1) R(1)~ 2~~ pos. R(1)

Internationals -0.046 0~5 1~5
Industry -0.088 0~24 3~23
Shipping and Airlines -0.008 0~3 2~3
Banking -0.069 0~4 0~4
Insurances -0.126 0~4 1~4
Trade and,~arlous -0.095 0~12 1~12

Total -0.087 0~52 8~52



From table 2a it appears that the values for R(1) for daily
data per group differ from f0.003 till t0.092. For Banking and for
Insurances the average values of R(1) differ significantly from
zero. Also it appears that 75~ (39~52) of the values of R(1) are
positive.
Other investigations for the Amsterdam Stock Exchange also showed
a positive link at little values of k(the time-lag), (Ankum and
Dorsman, 1983). For weekly data table 2b shows that for a time-lag
of 1 the autocorrelations are mostly negative. Only 8 times R(1)
is positive and not once is the value of R(1) higher than or equal
to 2~n. The results obtained in table 2a agree with the results
in other studies. In table 3 our results are compared with those
obtained from other studies of the New York and European Stock
Exchanges.

Table 3 A comearison-of-the-samQle-autocorrelation coefficient----- --------------------
R~1~-for-twelve-different-stock markets.

(~n~~r~tv...~.vuii ~i j.

Fama (1965)
Solnik (1973}
Dryden (1970)
Solnik (1973)
Solnik (1973)
Solnik (1973)

Av. wu~i~ber~ uf ivumber of
value terms of positive
of rl rl ~ 2 SE [rk] terms

U.S.A. .026 11~30 22~30
U.S.A. .026 11~30 22~30
U.K. .086 ~~14 ~ ~14
U.K. .072 21~40 34~40
France -.U19 41~65 33~65
The Netherlands .031 9~24 17~24

Dorsman en de Gooijer(1983) The Netherlands .040 5~20 17~20
Solnik (1973) Belgium -.018 5~17 7~17
Conrad 8~ Juttner (1973) Germany -.143 16~54 25~54
Solnik (1973) Germany .078 23~35 28~35
Hanssen 8~ Reiss (1976} Germany .104 49~50 50~50
Solnik (1973) Switzerland .012 4~17 11~17
Solnik (1973) Sweden .056 1~6 3~6
Jennergren ~ Korsvold(1975} Sweden .102 18~30 29~30
Jennergren 8~ Korsvold(1975) Norway .068 2~15 13~15
Solnik (1973) Italy -.023 9~30 14~30
Uhlir (1979) Austria .149 34~52 50~52
Roux 8~ Gilbertson (1978) South-Africa .100 ~~24 ~~24
~ denotes number of terms of rl ~ 2~ ~n is unknown.
(source: Dorsman en de Gooijer, 1983, table,3)



From a statistical point of view, it is attractive when the
returns are distributed normally. Namely many statistical tests
suppose that the dependent and the explanatory variables are
distributed normally. As appears from paragraph 1, it is not
right to suppose this automatically. One possibility to investigate
the normality is to use the student range, hereafter referred to
as SR. The SR is defined as the difference between the highest and
the lowest return, divided by the standard deviation.

Where the returns are distributed normally, the SR should
range between certain limits. For 1000 or less observations the
HO-hypothesis - the returns are distributed normally - should be
rejected at O(- 5~ when SR ~ 7.80. For 150 or less observations the
HO-hypothesis is rejected if SR ~ 6.64. For the daily data of each
stock, 746 observations, the SR was higher than 7.80. This impli-
cates that for all stocks the hypothesis that the returns are dis-
tributed normally should be rejected. Using weekly data, 156 obser-
vations, the SR-test rejected the normality assumption for 36 of
the 52 stocks. In the group of Internationals onl.y for Hoogovens
the normality assumption, using weekly data, was rejected.

To the SR a number of objections can be made. First of all
only two returns of each stock, the highest and the lowest return,
are taken into consideration. Secondly, one does not take possi-
ble correlations into account. We know, however, that the returns
are fairly independent. Although the SR can thus show a large bias,
the extent in which the test rejects the normality indicates clear-
ly that the normality assumption is disputable. Further it should
be noted that weekly data seem to be more "normal" than daily data.



Par.4. The distribution of returns.

In this paragraph it will be investigated whether the returns behave
according to a normal distribution or according to a Pareto-distri-
bution, with 0~ 0(~2. Therefore, first of all a description of a Pa-
reto-distribution will be presented.

The Pareto-distribution-----------------------

Most of the time the stable Pareto-distríbution is indicated
by means of the log-function of the characteristic function:

~C
log l~u(t) - log ~ exp ( itu) d P(u) (3)

- i ó t- ~~t~ a~1ti ~3 (t~ ( t ~)w(t, cC ) J
with

`tan ~( 7L~2) pC ~ when cX ~ 1
w(t, oC )

l(~~~~ 1 ing Itl

and

whan (X - 1

it~ j t~~ - 0 for t-0

Where u is a random variable ;
and t is a real number .
and i is ~1
The four parameters by which the Pareto-distribution is characterized
are : oc , I3 ,~ and ~. The parameter cX i s the characteri sti c exponent
(0 ~ a~ 2). Only when oC- 2 the second moment exists.
The parameter C3is an indicator of the skewness of the distribution
(-1 ~ ~3 ~ 1). For a symmetrical distribution it applies that
~- 0 and ( 3) can be rewritten in:

log ~ u (t) - i ~ t-~ ~t~ a (4)
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When equation (4) has first been differentiated to t and further
t-0 is taken, then one can note that the expected value exists
and that it equals to s if a~1. Spreading of the distribution
is marked by the parameter ~. For the Cauchy distribution it
appl ies that 0( -1 and ~~ -0.
For the normal distribution it applies that the characteristic
exponent p(has to equal 2. From formula (3) it appears that there
is no limit for the value of ~3in case of a normal distribution,
because in that case w(t, p~ )- 0, so that (3) can be rewritten
in (4), where the parameter ~3 does not appear. The normal distri-
bution, however, is a symmetrical distribution, so that ~~ - 0.

A very important property of the Pareto-distribution is its
stability. For the sum of n variables, with for each variable as
log-function log l~'u (t), it applies that:

n log (~~u (t) - i(n b')t-(n~)~tl~~~lti~3(t~~tl)w(t,(~()] (5)

From this it appears that oCand ~3are not changed.

As the normal distribution is a Pareto-distribution, tlie research of
the distribution of returns can be handled as follows. Calculate
the characteristic exponent(X from the Pareto-distribution for the
concerning distribution of returns. If it applies that pC- 2, the
investigated returns are normally distributed. In case another va-
lue of OCis found, the distribution can still be stable. It should
apply then, that the characteristic exponent found for the daily
as well for the weekly data should have the same value.

For the research of the characteristic exponent of the Pa-
reto-distributïon, a method has been used that differs somewhat
from the method given by Fama and Roll (1968) to estimate the para-
meters of symmetrical, stable distributions. The method, which is
used, is described in appendix 2.

In table 4 for the daily and for the weekly data of each stock
the value of p(, that belongs to a 95o~ quantile estimator, is given.
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Table 4 The value oC for each stock that belongs to a 950~
quantile estimator for daily and for weekly data.

stock daily weekly

Internationals 1,63 1,66--------------
Akzo 1,5 1,4
Hoogovens 1,7 2,0
Kon.Olie 1,6 1,6
Philips 1,6 1,8
Unilever 1,7 1,7

Ship--and-Airtraffic 1,69 1,80
Nedlloyd -- -- -- 1,7 2,0
van Ommeren 1,8 2,0
KLM 1,7 1,5

Banks 1,39 1,40
ABN-- 1,5 1,5
Amro 1,6 1,8
NMR ~ ~i,5 1,J

Slavenburg 1,1 1,1

Insurance 1,58 1,52
Amev----- 1,7 1,6
Amfas 1,5 1,6
Nat.Ned 1,6 1,4
Ennia 1,6 1,6

Trade 1,42 1,66
Ahold 1,4 1,8
Kgg 1,4 1,5
Ceteco 1,4 1,4
Deli 1,6 1,7
Hagemeijer 1,8 1,8
Int. Muller 1,4 1,5
Kluwer 1,5 1,9
Ogem 1,4 1 , 7
Pakhoed 1,4 2,0
Pont 1,1 1,5
VNU 1,6 1,8
Wyers 1,3 1,8

Industry 1,54 1,67
ACF 1,4 1,8
van Berkel 1,4 1,4
Bols 1,6 2,0
Bos Kalis 1,6 1,9
Bredero 1,4 1,6
Buhrmann T. 1,7 1,4
Caland Holdings 1,7 1,8
Desseaux 1,6 1,5



Continuation table 1.

stock

Industry

daily weekly

Fokker 1,6 1,7
Gamma 1,5 2,0
Gist Brocades 1,6 1,9
Heineken 1,6 1,8
Holec 1,4 1,5
HBG 1,6 1,6
KNP 1,5 1,4
Meneba 1,4 1,8
Naarden 1,6 1,6
Nijverdal 1,6 1,7
Nutricia 1,4 2,0
Océ v.d. Grinten 1,5 2,0
RSV 1,6 1,8
Twentsche Kabel 1,5 1,6
VMF 1,7 1,9
Wessanen 1,8 1,6

iuta i ~uïiwé iyiiy i,SC 1,64
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From table 4 it appears that, when we shift from daily
data to weekly data, the average characteristic exponent increases
from 1.52 to 1.64. The development of oCis not the same for each
group.
For the group Internationals and the group Banking there is hard-
ly any change. The low value of oC for the group Banking is ex-
plained by the extremely low value found for Slavenburg (based on
daily data ~C - 1.15 and based on weekly data OC - 1.18). For the
group Industry and the group Trade and various CY increases when
instead of the group Insurance, however, shows an opposite develop-
ment.
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Par. 5. Summary and Conclusions.

In this article the distribution of returns at the Amsterdam
Stock Exchange is investigated. By means of autocorrelations the
independence of the returns was examined. From the autocorrelation
test of Kendall it appears that the assumption that the returns
are distributed independently cannot be rejected either for daily
or for weekly data. Furthermore, by means of the student range we
have inve~tigated whether the returns are distributed normally.
For the 52 stocks involved in this research, the normality, in the
case of daily data being used, should be rejected for all stocks.
When using weekly data the student range rejected the normality
for 36 stocks.

In the next part of this research we tried to find out
whether the Pareto-distribution gives a good description of the
distribution of the returns of the investigated stocks. For daily
data the arithmetical average of the characteristic exponent
equals 1.52 and for weekly data it is 1.64. Just as in the study
nf Blattb~rg and uvï~éUés ii appears thatcX moves to 2, when there
is a shift from daily data to weekly data.
However when we take a look at the different groups, it appears
that this development is not applicable to all groups to the same
extent and that this development is even opposite for the group
Insurance. For the Amsterdam Stock Exchange the returns seem to be
neither normally nor stable-Pareto wise distributed.

In table 5 the value of the characteristic exponent, which
is found for daily and for weekly data, is compared with the value
of oC in other studies. It appears that, for daily as well as for
weekly data, the average value of pCis comparable with the values,
which are found for other countries.
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Table 5 A-comearison-of-the-value of the characteristic----------------------
exeonent-for-four-different-stock markets.

market number period
of

stocks

Fama (1965) NYSE 30 daily 1.6
Blattberg and Gonedes (1974) NYSE 30 daily 1.65
Blattberg and Gonedes (1974) NYSE 30 weekly 1.72
Regidor and Sercu (1976) Brussel 29 daily 1.5
Praetz (1972) Sydney 17 weekly 1.84
Table 4 Amsterdam 52 daily 1.52
Table 4 Amsterdam 52 weekly 1.64
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Appendix 1 Stock in groups

Internationals
Akzo
Hoogovens
Kon.Olie
Philips
Unilever
Shie--and-Airtraffic
Nedlloyd
van Ommeren
KLM
Banks
ABN
Amro
NMB
Slavenburg

Insurance
Amev
Amfas
Nat. Nederlanden
Ennia
Trade
Ahold
KBB
Ceteco
Deli
Hagemeijer
Int. Muller
Kluwer
Ogem
Pakhoed
Pont
VNU
Wye rs

Industry
ACF
van Berkel
Bols
Bos Kalis
Bredero
Buhrmann Tetterode
Caland Holdings
Desseaux
Fokker
Gamma
Gist Brocades
Heineken
Holec
HBG
KNP
Meneba
Naarden
Nijverdal
Nutricia
Océ v.d. Grinten
RSV
Twentsche Kabel
VNF
Wessanen
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Appendix 2

The definition of the estimator of the characteristic exponent in
a stable Pareto-distribution.

In this research an estimator has been used, as described by Fama
and Roll (1968). The only difference is that another (simplified)
procedure has been followed for the calculation.

Fama and Roll method qoes as follows:

1. Classify the n observations on size, xl, x2, ..., xn ;
2. Calculate S the average of the centre 1~2 n cbservations;
3. Make the cumulative distribution;
4. Calculate c- (0.72 quantile - 0.28 quantile)~2~ 0.827;
5. Standardize the original row ui - (xi -b )~c;
6. The estimator is then

Z u f- ul- f- 0.827 x u f- ul- f

f 2c x0.72 - x0.28
where f denotes a quantile

We worked as follows:

1. Classify the n observations on size;
2. Divide the row in a number of classes, e.g. m pieces of equal

class-width, give the classes a number from 1 to m and make the
cumulative distribution;

3. Now the estimator is:

n
z f - 0.827 x A - B

C - D
where A is the number of the class in which 0.95 occurs;

B is the number of the class in which 0.05 occurs;
C is the number of the class in which 0.72 occurs;
D is the number of the class in which 0.28 occurs.

A more precise approach is obtained when an interpolation beta~een
classes, in which a certain quantile occurs, is made. (This last
method has been followed in this study)
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