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THE IMPACT OF FUTURES TRADING ON
CASH MARKET VOLATILITY:
EVIDENCE FROM THE TOKYO STOCK EXCHANGE

Shaw K. Chen, Jeffrey E. Jarrett, and S. Ghon Rhee

ABSTRACT

This paper has ‘examined. Japanese, stock miarket volatility using alternative esfi-
miates of volatility and several testing procedures to compare the time periods before
and after the inttoduction of index futures conitracts, On the basis of 100 randomly
selected stocks, etipirical eyidence from these fests indicates that futires trading
had an insignificant impact on price volatility in the cash market. The: results are
generally consistent with-what has been-reported forthe U.S. market.

INTRODUCTION

The impact of futures trading on stock market volatility is 4 popular subject of
debate-among investors and. regulators, as ‘well as researchers. One argument is ]
that futures trading reduces volatility because the largernumber of traders tends to ‘
increase the liquidity in the underlying cash markets. The Tokyo Stock Exchange ‘F
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(TSE) subseribes to-this reasoning, Tn fact, the 1991 TSE Fact Book states thatthe
ain-of sfock index futures is to assire greater liquidity of the miarket throiigh
increasing investmerit opportunities.,

Cox (1976) states that an.active firtures market will Iead to $peedier and more
¢fficient price: adjustments. This notion is-ernpirieally supported by Froot, Gam-
mill, and Perold (1990). They report that the predictability of short-term stock
returns-has iachned markedly since 1983 .while program: tradmg has experienced
& prowth in the U.S, market. The absence of predictability is a fundamental fea-
ture of a-well-functioning market. However, Stein (1984) argues that futires trad-
ing brings more uninformed speculative traders into ‘the markets. As a
consequetice; the markets destabilize and volatility increases. It seems; therefore,
that these two conflictin, ¢ arguments-ean only be resolved by empirical evidence.

Many tesedrchers: 1nclud1ng Edwards (19882 and 1988b§ Grossman {1988);
and Schwert (1990) report that derivative markéts have no significant impact on
steck: market volatility. ‘Skinner (1989) observeés 4 decline in the: volatility .of
underlying individual stocks afier stock options were introduced. In contrast,
Harris (1989) finds that the volatility of S&P 500 stocks marginally increased rel-
ative to a control group of comparable stocks: In additiot, Lockwood and Linn
(1990) document increased cash market volatility after introduction of index
futores trading,

On September 3, 1988, the Tokyo Stock Exchange (TSE) and the Osaka Secu:
rities Exchange (OSE) started trading in index futures contracts based on the
Tokyo Stock Price Iridex (TOPIX) and the Nikkei Stock Average (NSA) This
event tarked ari expansion of equity trading in Japan. TOPIX is avalues weighted
cotposite index of all coramon stock listed on the fitst section of the Tokyo Stock
Exchange, while NSA is-a price-weighted average of 225 stocks traded on. the
TSE. In 1989, the mean ratio-of the stock index futures trading value to that of the
cash market was only 0. 88. This ratio increased dramatically to 2.65 in 1990, 5.31
i 1991, and 521 in 1992, mdlcaung that the miean size-.of the index futures mar-
kets becarne five times greater than that of the cash market. Inview of this large
expanision in the ifidex fiitores markets, and faced with the unprecedented bear
tharket trend since Tanuary 1990, Japanése financial market regulators believed
that equity derivative matkets were the-cause of the cash market depression. Con-
sequently, Japanese regulatory authorities made it more costly to transact in the
derivative markets by increéasing margin tequirements-and brokerage commission
rates, whﬂe atte/mptmg to 1ncrease the attractiveniess of the eash market. Despite
irical evidenee ig.doctimesited on the Japansse mar-
lget concermng the lmpact of mdcx futures tradingon:market volatility.

In this paper, we provide evidenve from an extensive statistical analysis to-pre-
vide additional mSIght it these markets. We introduce four measures of price
volatility to examine stock price behavior before and after index futiires trading

wias institated. The remaining sections of this paper are organized as follows: first,
datd considetations and the experimental designs are-described in the sgtord sec-
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tion; second, test results and their implications are presented in the third section;
and finally, summary and conclusions are provided in the last section.

DATA AND DESIGNS

To investigate the impact of TOPIX futures trading on the behavior of TSE
stock price volatility, we collected daily price data for 100 randomly selected
stocks from the PACAP Databases-Japan compiled by the PACAP Resecarch
Center of the University of Rhode Island for the time period from May 1987 to
December 1989. Random sampling of 100 firms is preferred to examining all
225 component stocks of the NSA for the following reasons. First, a large num-
ber of the NSA stocks are illiquid. When the 225 stocks are ranked based on
trading volume, the bottorm 100 stocks accounted for less than 15% of the total
trading volume of the NSA stocks in 1991. Second, contrary to common per-
ception, a fairly large number of NSA stocks are issued by small-size compa-
nies. Third, a few high-priced stocks tend to dominate the NSA index quotes.
Therefore, the NSA is considered an inappropriate benchmark index for the
entire market.

The 100 stocks are classified into three groups according to their stock price
level. The resulting groups are: (1) low-priced stocks; {2) medium-priced stocks;
and (3) high-priced stocks. The justification for this grouping design is due to the
belief that stock prices are highly correlated to the size of the firm and price vola-
tility is affected by the price levels. A list of the companies selected is presented in
the Appendix.

Two sets of data are employed to test the equality of price volatility before and
after the introduction of index futures contracts. The first data set covers the
period from May 1987 to September 1989, thus encompassing the period one year
before and after the futures inception. To reduce the potential bias associated with
the backlash of the worldwide market crash, we excluded October, November,
and December of 1987, and January of 1988 from our sample.

Four volatility measures are calculated. The first measure, V1, is estimated by
averaging the squared daily rate of return in a menth, assuming the mean rate of
return is zero (Grossman 1988; Skinner 1989). The second measure, V2 (which is
similar to V1} calculates the sample standard deviation of price change in each
month assuming the rate of return is not zero. The third measure, V3, uses daily
high, low, and opening prices to compute the monthly mean ratio of daily price
spread to the opening price. The fourth measure, V4, follows the extreme value
method of Parkinson (1980) and Garman and Klass (1980), where we calculate
the mean daily high-low variance estimator within a month.

A second set of data is utilized to examine the equality of the daily return vari-
ability one month before and after September 3, 1988. There are many tests of
variability that can be employed, but many have application drawbacks. There-
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fore, we-utilize-the: Ansm—Bradley ¢ 1960) distribution-free test and the niodified
e p tric statistic with the daily returns.

Thc Ansari-Bradley honparametric test-for two mdependent samples assumes
that the:two populations have identical means and medians but.-different-amounts
of dispersion. The-test will determine whethey the group with a greatet amount of
variability yields a-sample with greater-variability. Thus, we would expect the
sample with greater variability to have a smaller sum of ranks. The:modified Leyv-
ene (1960) test suggested by Brown and Forsythe (1974) is performed by assum-
ing that = M+ gy whiere Xjj 18 the jth ohservation in the ith group:(i= 1,2); the
mean 1. is Tigithér-known rier assumed . equal; € s is 14:.d. with. zero meéan and
uneqtial standard devigtions:

EMPIRICAL RESULTS

‘Meaii volatility of the four different volatility measures, V1, V2, V3, and V4,
for each §togk -dre presenited in” Table 1, As expected, -the Tow-priced. stock.
group. has higher volatility than the hrgh—‘ riced stock -group for all four mea:
sures. The reporied volatility measures in the first three columns lead us to con-
clude that volatility has declined for all three groups of companies aftcr
Septethber 1988,

Using the median test and Wilcoxon's two-saniple test, we examine whether the
two different time periods- possess: the same-volalility one yeat before atid. after
Septcmher 1988 The number of companws havmg mgmﬁcantly lowe ‘srgmfl-

For most compames, We are unable 0 re]cct the hypothesis that there AT 10
changes in values for the different groups of companies, However, the number: of’
cmmpames havmg mgmﬁcantly dlffercnt epans of medmns mcreased usmg the

or medmns mcreased for all groups using:t bvath tests with the %5 and V4 MEASUEes. ,
One mtemstmg observation from Table 1 i§ that all of the mean values in the !
“after” category for V1, V2, and V4 are much lower than theif respective valyesin ‘
the “before category, ‘This indicates ‘that volatility declined after the advent of ‘“

In addmon, ‘a xelatlve measure of vatiability is-used to avoid problems associ-
ated ‘with spurions correlation, We adjusted the V1 medsures- with values cot-
piited from the whole market as the base by deflating the daily-squared returns of
a company using the daily squared returns of TOPIX. The results from ‘the
adjusted measures are shown in the 1ast panel. The taost interesting and important
fmdmg is that both the median test and the ‘Wilcoxon test suggest that price vola-
tility hasnot changed for the ma;on*ty of stocks.

We now compate the vartation of daily returns-one: month before:and one month
after futires trading. The Ansari-Bradley test for the equality of two independent
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Table 2. Change in Daily Return Volatility: One
Month Before and.After Tradm g of Futures Contracts

Croup 1 Group 2 Grotp.3

Stanidard Deviation (Before) 0:0272148 00220754  (0:0192983
Standard Deviation (After) 0.0244655  _0.0254748. _0.0175727
Change in Standard Deviation 0,0032507  0003%594 00017256
Ansari-Bradley Test*

Nirnber of Higher 6 5 3
Numbaraf Uowsr 2 3 =3
Nitiiberof No Chinge 26: 24 25
Total? 34 32 31
‘Modified Levene Test:

Number-of Signfficant Change® 5 & 5
Numberof No Change 29 26 26

ol 34 32 31
Notes: All:testsare atthe 5% level of significance: '
#tal pumber of companies-used in‘thetest 1s:97, No timmeéd ‘niéans wera'availablé-for
threg firms; L B
Frhis test follows an Fodistribution; Only right-tail test is conducted:

samples of daily returns is used to see if the two groups: have the'same mean, but
different variability: One expects that the group with greater vanabxhty would
produce a sample with smaller tanks, From all three. groups of comipanies investi-
gated, Table 2.shows arelatively small ivmber of companies; 8, 8, and 6, respec-
tively, for groups 1, 2, and 3, with statistically significant variations for the one
month before: and one month after periods. The mumber: of companies with signif-
icant variations is even-smaller-when we separate theminto twe groups:based on
the magnitade of the variations.

Results from tha modified Levens test are similar to-those of the Angan-Brad-
]ey test, The total number of compames Wlth stati ncaliy sigh 1ﬂca:nt vaﬂanon m

futures tradmg dld not change the volatnhty inthe Jgpanese, market.

CONCLUSION

- This paper has examined Japanese stock market volatility using altérnative esti-
mates of volatility-and several testing procedures to compare the time periods
before and ‘after the introduction of index futures contracts. On the basis of 100

5, smpirical evidence from these tests indicates that

futuxes tradmg had an/msigmﬁcant impact o price volatility in the ¢ash market.
The results -are generally consistent with what has been reported for the U.8.
arket.




Introduction

Furthermore, the deviations in annual mean surface runoff over the Indian subcontinent has also
been observedand concluded that the estimated annual discharge would increase up to ~ 25% by
2080 1. demand for various sectors such as domestic, industrial and agricultural uses, has already
increased in last few decades 2. Consequently, the expansion of agricultural sectors, land use
pattern, development of industrial and urban centers are modifying the hydrological cycle, resulting
in the per capita water demand of 1341 and 1140 m3 /person/year by 2025 and 2050 respectively 2.
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Table 2. Change in Daily Return Volatility: One
Mcmth Before and After Trading-of Eutures Contracts

Gioup1 Group 2 Grotp: 3.
Standard Deviation (Before] 00212148 00220154  0.0192983
Standard Deviation: tAftér) 0.0244655 00254748  _0.0175727
Change in Standard Dieviation 00032507  0.0034594  -00017256
Ansari-Bradley Test!
Nirnber of Highet 1 5 3
Niithbir-af Lowst 2 3 .3
Number 6f Ng:Change 26 24 25
Total v 34 32 kil
Modified Levene Test:
Number:of Significant Change® 5 & 5
Numbeiof Ng Change 79 26 76
Total ‘ 34 32 e

Noles: Al testare:at the 5% level of: significance:
2.‘[0,tal_;|;| r-of companies-used in‘the Yest 1s-87: No trimmiéd mieafis tvers aviilable for
these:firm )
Frhistest Tollaws an Fdistribution, Only right-tail-test s condicted:

samples of daily: teturns is ‘vsed to see if the two groups have the same'mean, but
different variability: ‘One expects that the group with. greater variability would
produce a sample with sinalléi ranks; From all three: groups of cotnpanics investi-
gated, Table 2 shows a telatively sinall number of companies; 8, 8; and 6, respec-
tively, for groups 1, 2, and 3, with statistically significant varitions for the one
mionth before and one-month: afterperiods. ‘The number:of companies with-signif-
icant vatiations 1§ even smaller when we separate them into two groups-based on
the magnitude of the variations,

Results from: the modlfied Ligvene test are similar to.those of the Ansari-Brad-
ley test, The totdl number of companiss with statistically 51gmficant Variation in
returns, however; is-even smaller. This leads:us to believe that the introduction of
futures trading did not-change the volatility in the Japanese market.

CONCLUSION

- This paper has examined Japanese stock matket volatility using alternative esti-
mates of volatility -and several testing procedures to compare the time pencds
before and after the introduction of index futures contracts. On the basis of 100
randornly selected stocks; empirical evidence from these tests indicates. that
futures trading had an insignificant impact on price volatility in 'the cash mérket.
The results are generally consistent with what has been reported for the U.S.
market:
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Akebono Brake

Atsugi Nylon Industrial
Copal

Daifuku Co. Lid.
Danto

Fujitsu General Lid.
Gun-ei Chemical Industry
Hamai

Hirose Electric

Hitachi Sales
Hokkaido Coca—Cola
Howa Machinery

1BJ

Ishii Precision Tool
Twasaki Electric

Joban Kosan
Kamigumi

Kawaguchi Chemicat
Kinden Corporation
Koa Gil

Kokoku Steel Wire
Kyowa Bank

Maruzen Showa Unyu
Mitsubishi Oil
Mitsumi Electric
Kogyo

New Japan Securities
Nippon Kan. Kaku. Sec.
Nippon Koei

Nippon Synth Chemical
Nissan Motor

Nok Corporation
Okumura Corp.

APPENDIX

FIRM LISTING

Ask Corporation
Chisan Tokan Co, Ltd.
Dai Nippon Toryo
Dantani Corp.

Fuji Spinning
Furukawa Battery
Hakuyosha

Banshin Elect. Railway
Hitachi Condenser
Hochiki

Honshu Chemical Industry
Hyakugo Bank

Inax

Ttoham Foods Inc.
Twatani Int’l Corp.
Kaken Pharm
Kanegafuchi Chemical
Keiyo Gas

Kitz Corp.

Kojima Iron Works
Kurimoto Iron
Marubeni Corp.
Mitsubishi Bank
Mitsubishi Trust Bank
Mizuno Corporation
Nankai Worsted
Nihon Matai

Nippon Kayaku
Nippon Seiro

Nissan Construction
Nisshin Steel
Ohbayashi Corp.

Orix Corporation
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Oval Enginectitig Rohto Pharin, ‘.
SMK. Sagami Ribber Industries
Sakai Textile Mfg. Sanki Engineering
Sanch Industrial Sanyo Industries
Sawafuji Electric Seiko Corporation
Shinwa Kaiin ~Stowa Tansan
Sony Superbag
Suzuki Metal Tachihi Enterprise
Taisho Phaimi Taiya Fishety
Takiron.Co. The Yapan Paper Industry
The Nisshin Oil Mills The Shizuoka Bk Ltd:

Tokyo Theatres Tokyo Tomin Bank
Topre Toshiba Ceramics:
Toshiba Steel Tube Toshiba Tungaloy
Tosho Printinig Toyo Suisan
Toyota Motor Uition Optical
“Yamaichi:-Securifies Yuasa Trading Co.
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NOTES

1. “We:confinied oui studyto e TOPIX index fitirss. TOPDEis 4 market-valie weightedindéx:of
all'fist section listed stocks compiled By the Tokyo Stock Exchange. This index is different from. ifie;
Nikkei. Stock Average. (NSA) coniptted by the Nilion:Keizai Shiribimn-Sha using 225 -¢omponent
stocks. The NSA index futires are traded. on the {)saka Securities Exchange:

2, October 21, 1987 and I anuary6; 1988 dre the secotid 4iid the fourth latgést day-to-day fliictu-
atiofis in TOPEX history from 1969101990, In addition; October20:and 23 'of 1987 are e firstand the
tenth Targest declinies for TOPTX.

3. “V3isgalculated ag:

P,
Y= 1«2(”"7;"}
i i Y 4 §

where Py, Py, and Py are high, Tow;. and opet price; respectively, andin i the number of frading days in
theanonth;
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4.V, is calculated as:

where d; = In(Py/Py).

5. All returns are computed in log form, In(1+ry}), where 7, is the daily return adjusted for stock

dividends, right offerings, and payment of bonus shares for day 7 as specified in the PACAP User
Gauide.

6. The Ansari-Bradley test statistic is calculated as follows: (1) combine two samples together
and rearrange observations in ascending order; (2) assign ranks to observations: the smailest and the
largest measurements are each given a rank of 1; the second smallest and the second largest measure-
ments are each given a rank of 2; continue the process unti] ail observations have been assigned a rank;
(3) calculate the sum of the ranks assigned to observations in the first sample, say T; (4) calculate the
test statistic according to the following formula:

. T- [n](nl+n2+2)l4]

T =
J;lvlnz (n1+n2+2) (n] +n2-—2) 1748 (n1+n2—l)

if ny + ny is even, and
2
. T~ [nl(n]+n2+l) /4(n1+n2)]

T =
J;I”Z("l +hny+ 1) [3 + (my + nz)z]/48 (ny + 1)

if n; + n, is odd; and (5} compare the test statistic T* with the critical values from the standard normal
distribution. Here, n; and n, tefer to the number of observations in the first group and second group,
respectively.

7. The modified Levene test statistic is calculated by

- -2
2 I (zj,-2)
-2
X2 zym) X = 1)

W=

where z; = Ez./n, z. = XXz, /En;, and z;; xi|z, x, is replaced with a 10% trimmed mean
of the ith group a.nd the test stanstlc 1s compared wm‘l; critical value from F-table with 1 and X, (n, - 1)
degrees of freedom, ; is the number of observations in group {. Trimmed mean is an estlmate m the
location problem to construct a class of estimates providing some intermediate behavior that includes
both the mean and the median, It has been shown that the performance of a trimmed mean with mod-
erate o, say 0.1 in this study, is never much worse than that of the sample mean and can be much better
(Bickel 1965).
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