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INTRODUCTION

fficiency of the index futures markets has been a subject of extensive theoretical

and empirical work since the introduction of these new instruments in 1982. The
first research focused on the arbitrage based cost-of-carry relationship between futures
and the underlying index. Those studies generally concluded that deviations from the
model have diminished as regulatory constraints have been dismantled and markets have
matured.! A topic of growing interest is the lead—lag relationship between the stock
and futures markets. Empirical evidence from the U.S. markets suggests that the futures
price usually leads the stock index movements, and thus performs an informational role.
Meanwhile the implications of various market imperfections, institutional setting, and
market conditions on the lead—-lag relationship remain an open question, since the effect
of most of these factors are difficult to measure directly.

This article offers further evidence on the intertemporal relationship between stock
index cash and derivatives markets. For this purpose, data from the new Finnish Options
Markets (FOM) are used. The Finnish markets provide an interesting arena for empirical
work in this area for three main reasons:

« There is no institutional framework for short selling of stocks, and thus, short selling
of FOX (Finnish Options Index) index is impossible in practice. The impossibility
of short selling is supposed to increase the price discovery role of the futures market.
Suppose a bearish market. There is a certain number of traders (current stock owners)
who can sell the stocks and a large, undefined number of traders who can sell the
futures contracts. In addition, the large stock owners may find it inappropriate to
sell the stocks due to, e.g., voting power connected with the stocks or fiscal reasons.
Meanwhile, all market participants are able to sell futures contracts short. By sorting
the observations by the sign of the returns, Chan (1992) concluded that Major Market
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Index (MMI) futures does not lead the cash index better under bad news than under
good news. This is in sharp contrast to the assumption that short-sale restrictions
in the stock market is a major factor causing the lead—lag relation. Since short-
selling in Finland is not possible on a down-tick nor on an up-tick, the data used
here allows an examination of the effect of short-selling restrictions in a way not
possible in prior studies.?

* The FOX futures contract has mainly traded under its theoretical value implied by
arbitrage. The deviations have been persistent and of significant magnitude even after
allowing an execution delay of one and two days [Puttonen (1993)]. In addition,
Puttonen (1992) found several deviations from the put-call parity and surprisingly
also some deviations were reported from the put-call-futures parity. The existence
of riskless arbitrage profits are traditionally regarded as signs of market inefficiency,
following Jensen’s (1978) definition. While the Finnish markets may be “arbitrage
inefficient” the present study examines the “informational efficiency” of the cash
and derivatives markets.> Since violations from arbitrage conditions may arise either
from inefficiency of the cash market or inefficiency of the derivatives market one
aim of this study is to shed some light on the reported violations.

* The first years of trading were marked by heavy price and trading volume
fluctuations. This may be a factor contributing to a change in the lead—lag
relationship as suggested by Garbade and Silber (1983). The lead—lag relationship
is supposed to vary with the relative intensity of trading activity in each market.
The results of Schwarz and Laatsch (1991) were, in general, consistent with the
Garbade&Silber model while Chan (1992) found no compelling evidence to suggest
that the relative trading intensity may affect the lead—lag relation. The Finnish
data provide an arena to further examine the effect of relative trading intensity in
different markets.

This article has three main motivations. First, an extensive summary of the previous
research on lead—lag relations between index and futures markets is presented. Also, a
reference to related topics and methodologies is presented. Second, empirical evidence
from the new Finnish futures and options markets are used to examine whether
these two markets contain different leading ability concerning (i) the cash market and
(ii) each other under various trading intensities. The vector error correction (VEC) model
of cointegrated time series is applied in the empirical tests. VEC model developed by
Engle and Granger (1987) is applied since it allows separation of the short-term and long-
term intermarket adjustments. Third, the effect of short-selling restrictions is examined
by allowing the relationship between the returns to be different for positive and negative
returns. If the constraint on short selling is the major factor in the lead—-lag relationship,
it should be demonstrated clearly with the current data.

THEORETICAL FRAMEWORK

In perfectly efficient markets with nonstochastic interest rates and dividend yields, the
rates of changes in the stock (net of dividends) and futures indices (net of carry costs)

2Different cash index alternatives such as index funds or package trades are not available in the Finnish
markets. Traders wishing to short stocks may borrow the individual stocks from the current stock holders (even
though such an opportunity is not provided by the stock exchange). This would cause an additional roundtrip
stamp duty for that transaction. Furthermore, one probably has to pay some premium to the owner of the stocks.
In addition to the direct costs, the current stock owners may face unpleasant tax consequences when selling
the stocks. (From the legal point of view it is the owner of the stocks who sells them, not the borrower.)

3Discussion about different definitions of futures market efficiency is presented in Yadav and Pope (1991),
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can be shown to be perfectly, positively correlated. The simple arbitrage scheme called
the cost-of-carry model can be expressed as

Ft,Tr_T/365 — S‘ — DI,T (1)

where F; r = the price of the futures contract at date ¢ with maturity date T,r = one
plus the risk-free rate of interest over a given period, 7 = time to maturity in days i.e.,
(T — 1), S; = the spot index value at current date and D, r = the present value of
dividends to be paid on the index stocks between ¢ and T.

Besides the futures contracts there are options traded at the FOX index. The put-call(-
spot) parity relation developed by Stoll (1969) can be written as

CI,T - P,_T + Kr_TBGS = S[ - Dt,T (2)

where C, 7 and P,y are call and put option prices with an equal striking price K.
Substituting (2) into (1) yields the model connecting call and put prices to the futures
price with equal maturity. The put-call-futures parity can be written as

Cir — Por = (Fr — K)r™ 7P 3

The relations imply that the prices of a futures contract, a combination of a call and a
put option, and the underlying index should reflect new information simultaneously. The
real world transaction costs and other frictions, however, may violate the relationships.
If there are investors who regard derivatives as an investment vehicle superior to the
underlying index, futures and option prices that are determined by such traders will
reveal information regarding the “real” index price. The following have been suggested
as reasons why the futures and options are superior vehicles:

* Transaction costs, such as brokerage commissions and margin requirements, are
usually much lower in futures and options markets than in the stock markets.
Derivatives markets also make it possible for an investor to obtain a desired level
of leverage in a way possibly prohibited in the stock market.

* The futures market may be more liquid than the stock market. Admati and Pfleiderer
(1988) show that more information is released when trading activity is higher. Also,
index stock transactions generally take a longer time to implement because they
involve numerous individual stock transactions.

A trader with bearish expectations finds it easier to trade with futures and options
since there is no up-tick rule governing the short sales in the derivatives markets.

For these reasons, an investor with an important piece of information may find it more
appropriate to trade in the futures/options contracts which causes derivatives markets
to react faster to new information than the underlying cash market. On the other hand,
prices of the stock index may also lead prices of the derivatives prices.*

* As stated by Kawaller, Koch, and Koch (1987), futures traders likely incorporate
recent changes in the index in their pricing decisions.

* Some informed investors such as pension funds and foundations may be unable to
trade derivatives due to their own rules. They are allowed to trade only on the stock
market.

* Voting rights connected with stocks are not present in the futures nor in the options.
If these rights are valuable, investors will prefer stocks over derivatives.

“The voting rights and tax timing option do not directly affect the lead—lag relationship between returns but
cause a difference in the levels of the prices.
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* Cornell and French (1983) suggested that a stock portfolio offers a tax-related timing
option which the futures and options do not offer. Thus, the stock index reveals the
“real” index value better than the derivatives.

There should be no difference between information contained in the futures and option
prices. The methodology used in this study measures the relative call and put prices
derived from put-call parity which allows one to avoid the problem of volatility
estimation. Besides the real index, there is the futures implied index value [eq. (1)]
and the put-call parity implied index value [eq. (2)). If there are differences between
FUT and PCP implied indices, the only explanation could be the difference between the
relative trading intensity in these two markets.> The present setting offers a framework
for a study of the effect of different relative trading intensities.

LITERATURE REVIEW

Empirical tests concerning the price discovery function of the futures markets were first
carried out in the commodity market framework. Stock index futures contracts were first
employed by Zeckhauser and Niederhoffer (1983). Finnerty and Park (1987a) examined
the hypothesis that MMI futures price changes determine cash market index changes. It
was noted, however, by Gordon, Moriarty, and Tosini (1987) and Herbst and Maberly
(1987) that Finnerty and Park used a faulty technique and, thus, only unidirectional
results without any evidence for a causal relationship were reported. They also noted
that Finnerty and Park selected the database in a way that raises questions concerning
the causal conclusions. This has been partly confirmed by Finnerty and Park (1987b).

Table I summarizes the previous research in the lead—lag relations in index cash
and futures markets.® The empirical evidence suggests that the futures price usually
leads the index. Empirical evidence concerning the lead—lag relationship between option
and the underlying stock market is more mixed. Manaster and Rendleman (1982) and
Bhattacharya (1987) concluded that the stock options appeared to lead the underlying
stocks. In contrast, Stephan and Whaley (1990) surprisingly reported that stock prices
lead call option prices on average. They criticized the earlier work since it only examined
whether options lead stock prices, not the reverse. While the prior studies involved only
stock options, Finucane (1991) found that information concerning the OEX future returns
is contained in the relative prices of put and call options on the index. He concluded that
traders with firm-specific information may prefer trading the individual stocks. Traders
with market information are supposed to turn to the derivatives due to lower transaction
costs and greater speed of execution.

The transaction cost difference between option and futures markets is very difficult to estimate. The explicit
transaction costs depend on whether a trader acts as a market maker, broker or final trader. In addition, while
the futures trader pays a fixed commission of one trade, the option trader pays a percentage of the premium.
Generally, costs may be higher in the options market particularly since trading there requires transactions in
two instruments (in the context of this article) instead of one in the futures market. The Finnish transaction
cost system is presented in Puttonen (1992)

6Table I includes only studies focusing on modeling the dynamics of conditional means, i.e., on the traditional
lead—lag causality. Studies having a different approach include Martikainen and Puttonen (1991), Saunders and
Mahajan (1988), Tang (1990), Wong (1991), Yadav and Pope (1991), and Ostermark and Hernesniemi (1993).
Empirical work on modeling the dynamics of conditional variances include Chan Chan, and Karolyi (1991);
Cheung and Ng (1990); and Martikainen and Puttonen (1993).
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TESTING FOR CAUSALITY WITH ERROR-CORRECTION MODELS

To uncover possible linkages between markets the vector error correction (VEC) model
of cointegrated time series is used. The model was first suggested by Granger (1981)
and further extended by Engle and Granger (1987). The methodology allows one to
capture simultaneously the short-term and long-term intermarket adjustments. Simple
arbitrage relations between stock, futures, and options markets suggest that these three
markets have a common equilibrium relationship. Price series may occasionally drift out
of equilibrium but arbitrage forces are supposed to keep the price series together in the
long term. The cointegration error correction allows long run information of variables
to obey equilibrium constraints while short-run information is allowed to have a more
flexible dynamic specification.

Criticisms of the early causality tests based on correlation analysis argue that
correlations give no indication about the direction of the causal relationship. The standard
Granger causality [following Granger (1969)] examines whether past changes in one
variable, y, help to explain current changes in another variable, x, over and above the
explanation provided by past changes in x. To figure out whether causality runs in the
other direction, the experiment is repeated by interchanging y and x.

Since traditional tests of causality only detect the past changes in y, a new, two-step
procedure has been developed by Granger (1981), and Engle and Granger (1987). The
implication of the procedure is that if prices are cointegrated (they have a common trend)
then previous studies may have missed an important variable in the lead—lag dynamics
if they have left out adjustments to past equilibrium errors. The basic idea behind the
relationship between co-integration and causality is that for a pair of series to have an
equilibrium, there must be some causation in at least one direction.

Consider two non-stationary processes, y and x. These series are integrated of order
k [and denoted as I(k)] if stationarity can be achieved after differencing the series k
times. When series are both I(1), their linear combination is also /(1). The series are
cointegrated if there exists an a such that L, is stationary or 1(0).

L, =x — ay, 4

The cointegration relationship x, — ay, = 0 represents a long-run equilibrium relation-
ship between x and y, while L, measures the deviation from this relationship at time ¢.
Engle and Granger (1987) link the cointegration with the earlier work on error correction
models. If x, and y, are cointegrated, there exists a following vector error correction
(VEC) representation

AM, = BLI—I + a(L)AM,_1 + & (5)

where A = the first difference operator; M, = (x, ,y,)’; B = a coefficient vector (non-
zero if x and y are cointegrated); L, = 8'M, with § = (1, —a)’; a(L) = a matrix
polynomial in the lag operator L; and g, = vector of stationary disturbances. By including
the error correction term, L,_;, the error correction model now introduces an additional
channel through which causality can emerge.

The VEC model differs from the standard vector autoregressive (VAR) model since
a VAR model in differences will omit the error correction term. Therefore, a pure VAR
would be misspecified if the variables are cointegrated. The VEC model further allows
one to decompose the AM; into two, separate components, long-run responses, BL,_q,
and short-run responses, a(L)AM,_;. The co-integration is concerned with the long-run
equilibrium while the traditional causality is concerned with short-run dynamics.
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The VEC model provides an excellent way to examine empirically the dynamic
equilibrium model developed by Garbade and Silber (1983). They divide the major
contributions of futures markets into (i) risk transfer and (ii) price discovery. The
correlation of price changes in these two markets is a function of the elasticity of arbitrage
services between the markets. Greater elasticity causes more correlated price changes
which improves the risk transfer function of futures markets. At the one extreme of no
arbitrage, the index and futures prices follow uncoupled random walks (since the only
linkage between the markets is arbitrage); and at the other extreme, the futures contract
is a perfect substitute for a stock market position. Greater elasticity means a more stable
basis, the spread between cash and futures prices, over time and increases the usefulness
of futures markets to hedgers.

The cointegration test enables one to examine the stationarity of the basis. Lack of
cointegration between two price series suggests lack of arbitrage elasticity. Using the
error correction term in the VEC model makes it possible to examine whether prices in
one market move toward prices in another market or vice versa.

DATA

The significance of the stock market in Finland increased considerably during the 1980s.
The deregulation of the financial markets and the increased liquidity of the stock market
paved the way for trading in stock index derivatives. Following the success of index
derivatives all over the world, the Finnish Options Market (FOM) began trading in stock
index call and put options and futures contracts May 2, 1988. There was immediate
acceptance of the new instruments and the volume of trading grew rapidly. The first
years of trading were marked by heavy stock price fluctuations creating a favorable soil
for hedging instruments. The base figure of the market-value weighted FOX index was
set at 500.00 on March 7, 1988. On the first trading day, the FOX index was at the level
of 550.7. The index reached its all-time-high, 697.7 on April 17, 1989. After that, price
movements became irregular and at the end of the year, the index stood at 495.1 index
points. In 1990, the fall continued and at the end of the year the index was at a 34%
lower level than one year earlier. The sample period of this study covers the period from
the beginning of the market on May 2, 1988 to the end of year 1990.

FOX index futures and options expire six times a year i.e., in February, April, June,
August, October, and December. The last trading day is the fourth Thursday of the month.
The settlement of the contracts is in cash. Daily price quotations at 3.30 PM are used for
all the three markets. A specific institutional detail of the Helsinki Stock Exchange is the
so called calling-out system. Trading in each stock starts with a calling-out, while the rest
of the trades occur in the “aftermarket”. In the aftermarket trading prices are limited by
the highest bid and lowest ask at the calling out (Berglund and Liljeblom, 1988). Since
April, 1990, trading on the stock market is fully computerized under the HETI system
(Helsinki Stock Exchange Automated Trading and Information System). Under the new
system stock prices may vary between 10 AM and 2:30 PM and aftermarket trading is
carried out within the trade limits set during the free trading. The trading mechanism
may naturally distort the index quotations in highly volatile periods. However, most of
the trades are executed during the free market and traders prepare for high afternoon
volatility by wide bid—ask quotations during the calling-out.” If the trading mechanism
affects the lead—lag relationship between the stock and derivatives markets, it is assumed

"Brokers assume that the trading mechanism rarely affects the 2:30-3:30 pm prices under the HETI system.
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to be the most notable in autumn, 1989 and spring, 1990 when the volatility was high
and trades were executed under the old system.

In the FOM trades are implemented either electronically via computer or via telephone
by using a so-called block-order function. The role of the block-order function is to match
larger blocks (minimum 10 contracts). Most of the trading done during the research period
was done through this function. Since then, most trading is done through the electronic
system.

The main database is based on the nearby contracts, because they have been more
liquid than other contracts. A week before the maturity, the analysis is shifted to the next
nearest contracts. Therefore, any expiration week effects are avoided. The put-call parity
implied index level is constructed using at-the-money options due to the liquidity they
offer. FOX options are European type of options which makes it possible to compute
the put-call parity implied index with no uncertainty of early exercise. FOX futures are
closer to forward contracts than futures contracts.® Unanticipated changes in interest rates
thus do not cause an additional source of uncertainty for computing the futures implied
index level. The Helibor (Helsinki Interbank Offered Rate) nearest corresponding to the
derivatives maturity are used as risk-free interest rate quotations. Helibor is commonly
used in Finland as the analog of the short-term Treasure bill rate in the U.S.

Special attention is paid to the dividend adjustments of the stock index. Finnish
companies generally pay dividends only once a year, usually in March or April.
Neglecting or assuming a constant dividend yield would distort the empirical results in
spring. In this study, the FOX index is corrected for actual dividend payments. Dividends
and ex-dividend dates are from the annual reports of the firms.

Table II presents summary statistics for (i) the FOX index, (ii) the futures implied
index, and (iii) the put-call parity implied index returns. The returns are computed as
the first differences of logarithmic prices. Autumns 1989 and 1990 experienced a heavy
decrease in the index value. Also, the last three half-year periods were more volatile than
the first two. The difference between futures (FUT) and put-call parity (PCP) implied
index volatility is small, as expected. In contrast, the FOX index is much less volatile
than the other two indices. This lends support for the hypothesis that futures and options
markets react more sensitively to new information. For the futures and options markets,
the average of bid and ask prices are used. The FOX index is calculated with the last
known stock transaction prices, which may result in a stale index. The nonsynchronous
trading problem is the most severe for short time intervals such as for minute-to-minute
data and when trading is thin. Even though the semiannually reformulated FOX index
is formed of the top 25 shares in terms of median daily trading volume, and only daily
data is used, the infrequent trading of stocks may cause a technical lead—lag relationship
between the stock and derivatives markets. If the infrequent trading of index stocks affects
the results, the effect is assumed to be the greatest during low stock trading activity.

Table III presents volume averages for the periods of analysis.

The Garbade and Silber (1983) model suggests that price discovery is a function of
the relative size of the market measured by the number of market participants. Following
Schwarz and Laatsch (1991), the relative change in trading volume is used as a surrogate
measure of market activity. In the past few years the economic recession in Finland has
deepened. The trend was heralded by a fall in stock prices beginning in autumn, 1989,
The fall has continued to this day (summer 1992). Meanwhile, the stock market volume

%The futures are not settled daily. When there are large index movements, a trader has to adjust margin. The
margins can be posted in the form of stocks or Treasury bills on which the investor continues to earn dividends
and interest. Therefore they are not a restriction for those who already own stocks or T-bills.
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Table I
SUMMARY STATISTICS: FOX INDEX, AND FUTURES
AND PUT-CALL PARITY IMPLIED INDEX RETURNS

Period Return  Mean x 10°  Std. Dev. X102  Max Min Count
5/88-12/88  FOX 0.065 0.574 0.016 —0.021 172
FUT 0.041 0.819 0.019 —-0.022
PCP 0.042 0.813 0.018 —-0.023
1/89-6/89 FOX 0.058 0.597 0.013 -0.020 125
FUT 0.071 0.683 0.016 —0.127
PCP 0.069 0.688 0.015 -0.031
7/89-12/89  FOX —0.224 1.005 0.028 —-0.043 127
FUT —0.281 1.492 0.046 —0.046
PCP —0.281 1.498 0.050 —0.054
1/90-6/90 FOX —0.082 1.100 0.063 —-0.042 124
FUT —0.041 1.271 0.044 -0.041
PCP —0.039 1.244 0.043  —0.043
7/90-12/90  FOX —0.259 0.917 0.022 -0.042 124
FUT —-0.229 1.358 0.041  -0.067
PCP —0.231 1.337 0.043 —0.064
5/88-12/90 FOX —0.078 0.857 0.063 —0.043 672
FUT —0.079 1.153 0.046 —0.067
PCP —0.080 1.144 0.050 —0.064

where std.dev. = standard deviation, min = minimum value, max = maximum value, count = number
of days. FOX = the FOX index (net of dividends) returns, FUT = the futures implied index returns,
PCP = the put-call parity implied index returns.

has also crashed. Investors no longer receive adequate return from the stock market. The
sustained high level of interest rates has encouraged investors to shift from equity market
to interest instruments. The increased uncertainty and a decline in stock prices gave a
boost to trading in derivatives markets in 1988 and 1989. An inequitable tax reform and
the weakening profit prospects of companies coupled with low dividend yields further
encouraged even large institutional investors to move away from the stock market. This,
in turn, affected the derivatives markets in 1990 causing a decrease in trading volume.
These large changes in market conditions make the Finnish markets an interesting object
of research and enables one to examine the lead—lag relationships across different market
conditions. The five subperiods of this study can be roughly described as follows:

5/88-12/88  Stock prices rise slightly, low volatility
Active stock market
Immature derivatives markets with low volume

1/89-6/89  Stock prices rise slightly, low volatility
Active stock market
Heavy increase in derivatives trading

7/89-12/89 Heavy fall in stock prices, high volatility
Heavy decrease in stock market volume
Active derivatives trading
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Table 111
AVERAGE DAILY VOLUME OF TRADE ON THE
FOX INDEX STOCKS, FUTURES, AND OPTIONS

Period
Market 5/88-12/88  1/89-6/89  7/89-12/89  1/90-6/90  7/90-12/90
Stock? — 105,900 49,085 59,771 19,024
Change =~ 0% — 53.6% + 21.8% — 68.2%
Futures® 183 197 366 223 127
Change + 7.7% + 85.8% - 39.1% - 43.1%
Options® 2100 2969 4476 2912 3060
Change + 41.3% + 50.8% — 34.9% + 5.1%

#Turnover, in Finnish marks. The average daily stock market turnover is adjusted for the average
change in market prices to eliminate the price effect. Daily stock market volumes as the number of FOX
stocks traded were not available. Even though the adjustment results in a very rough estimate it is not
supposed to affect the results qualitatively.

®Data from the stock market were not available from the period 5/88-12/88. The total turnover of
all shares and subscription rights listed at the HeSE was 8.2% higher in 1989 than in 1988. Adjusting
for the slight price increase effect, the stock market volume in 5/88-12/88 can be expected to roughly
equal the volume in 1/89-6/89.

“Daily number of contracts traded.

1/90-6/90  Stock prices fall slightly, high volatility
Active stock market relative to derivatives markets

7/90-12/90 Heavy fall in stock prices, high volatility
Heavy decrease in stock market volume
Options market relatively much more active than futures market.

EMPIRICAL RESULTS

Stationarity and Cointegration

The stationarity of the level and differenced series is considered before examining the
potential cointegration between variables. Cointegration (error correction) equations are
based on the use of non-stationary (stationary) variables. Table IV presents the results
of nonstationarity tests for the stock index (FOX), futures implied index (FUT) and put-
call parity implied index (PCP) series used in this article. Series are checked for a unit
root using the augmented Dickey—Fuller test. The significance levels are based on the
MacKinnon (1990) critical values.”

The results indicate that the null hypothesis of non-stationarity is clearly rejected at
the 1% level for return series (first differences) when the total period is monitored. The
results are clearly the same for all subperiods and, thus, not reported here. Like economic
time series generally, the price levels are found to contain a unit root, i.e., they are non-
stationary. Thus, the cointegration equations are estimated with undifferenced data and
the error correction equations with first differenced data.

In cointegration tests, the main interest is to discover whether the residual term in
the cointegration regressions is stationary. Table V reports the ADF ¢-statistics from the

9Under the null hypothesis, the x variable is nonstationary and, thus, normal r-table no longer applies.
MacKinnon (1990) values permit the use of a constant and a linear time trend in the regression.
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Table IV
STATIONARITY TESTS OF MARKET PRICES AND
RETURNS. AUGMENTED DICKEY-FULLER (ADF) TESTS

5/88-12/90
Levels 1st-Differences
FOX, —1.6634 —13.1247¢
FUT,; —1.9157 —12.1540¢
PCP, —1.9185 —-12.5613¢

where FOX, and FUT, and PCP, are daily cash index, and futures and put-call parity implied
index time series. a, b, and ¢ correspond to significance levels of 10%, 5%, and 1%, respectively. The
augmented Dickey—Fuller (ADF) test is based on the regression:

2
Ax; = ap + ¢x,— + Z¢1Axx—i + pT, + 2,

i=1

where A is the 1st-difference operator, T, is a linear time trend and z, is a stationary random error term.
The null hypothesis tested is that x, is a nonstationary series. The null hypothesis of non-stationarity
is rejected if ¢ is significantly negative.

cointegration equations.!® The null hypothesis of non-cointegration is rejected when the
total period is considered. This suggests that the three markets are well integrated in
the long run. Subsample analysis shows that there is considerable slippage between cash
and derivatives markets in the last three subperiods, i.e., from 7/89 to 12/90. The result
is consistent with those of Puttonen (1993) suggesting that the basis varied greatly during
autumns 1989, 1990, and in the beginning of 1990 leading to possible arbitrage profits.
Meanwhile, the options and futures markets are closely integrated in each subperiod.
The results implicitly suggest that the role of derivatives markets as a useful hedging
instrument decreases as stock market activity decreases.

Testing for Causality with Errer Correction Models

As a result of these findings, it becomes necessary to include the error correction term
when testing causality (i) between the stock index cash and futures (options) markets
for the whole period and for the second subperiod (ii) between the futures and options
markets for each period. The empirical causality analysis is based on the VEC model
that is specified as follows:

P q
Ax, = BiLi-y + O Qidx—; + D mhy—j + vy (6)
i=1 j=1
where x; and y, are identified as first-differenced stationary time series; v, is a zero-mean
white noise disturbance term; L,—; is defined earlier in eq. (4); and p and g are the lag
parameters.'!

Table VI shows the results for the FOX index as dependent variable. The lagged first
and second differences of both the futures and options indices are clearly significant.
There seems to be no difference in the predicting ability between the futures and options
markets. On average, 19% of the index movements can be predicted on a daily level.

0Cointegration equations are run in both directions since they, a priori, are equally valid.
11 Akaike’s final prediction error (FPE) criterion (1969) is used for selecting the lag-lengths.
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Table V
CO-INTEGRATION TESTS OF LEVEL VARIABLES. AUGMENTED
DICKEY-FULLER T-STATISTICS. H0: SERIES ARE NON-COINTEGRATED

Total Period 7/89-12/89
Dependent Independent Variables Dependent Independent Variables
Variable FOX FUT PCP Variable FOX FUT PCP
FOX — —4.89*  —5.05% FOX — -1.72 =191
FUT —4.94° — —12.82° FUT —1.62 — —5.88?
PCP -5.10* -12.82° — PCP -182 -587° —
5/88-12/88 1/90-6/90
Dependent Independent variables Dependent Independent variables
variable FOX FUT PCP variable FOX FUT PCP
FOX — -3.13% -3.19° FOX — —-238 -220
FUT -2.93 — —=5.712 FUT —247 — —-5.12¢
PCP -3.00 -—5.72° — PCP —-227 -513° —
1/89-6/89 ' 7/90-12/90
Dependent Independent variables Dependent Independent variables
variable FOX FUT PCP variable FOX FUT PCP
FOX — -397¢ —3.89° FOX — —-1.04 -1.00
FUT —4.19° — —6.41* FUT -1.15 — —6.55¢
PCP —4.10° —6.40° — PCP —-1.10 -—6.55° —

The augmented Dickey—Fuller (ADF) test is based on the equation:

2
AL, = 8L,_y + > NAL—; + v,

i=1

where L, is the error from the regression x;, = ay, + &; v, is a stationary random error.
Significant at 1% level.
®Significant at 5% level.
CSignificant at 10% level.

Besides, the index can be predicted much better with past information from the derivatives
markets than with its own past information. Across different subperiods, the forecasting
ability varies between 10 and 41%.

Tables VII and VIII present the results for the futures implied index (FUT) and the put-
call parity implied index (PCP) as dependent variable. For the whole research period,
birectional causality occurs between options and futures markets. Neither the futures
nor the options market movements can be predicted with the lagged cash index returns.
Interestingly, the error correction term becomes statistically significant for both the futures
and options while it is not observed for the FOX index in Table VI. This can be interpreted
as futures and option prices moving further toward underlying cash prices rather than
vice versa. By focusing only on the short-term causality, the causality from the stock
market to the derivatives markets might be neglected but the methodology used here
allows one to capture the short-term and long-term information flow simultaneously.
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While the cash and derivatives markets have a common trend, on average, the separate
subperiods show mixed results. The major findings are:

5/88-12/88

* Approximately 40% of the index changes can be predicted while only 3 to 12% of
derivatives implied returns are predictable.

* The lagged index returns explain the futures (put-call parity) implied index changes
better than the lagged put-call parity (futures) implied changes.

* Futures move toward option prices rather than vice versa.

1/89-6/89

* Futures and option prices move toward underlying cash prices rather than vice versa.

* There is a notable difference between the predictability of cash index returns versus
derivatives implied returns.

* Futures lead options in the short term.

7/89-12/89

* FOX index can be predicted by past futures and options returns while the opposite
is not found.

* There is a significant flow of information from both the futures and options markets
to the cash market.

* Options move toward futures prices rather than vice versa.

1/90-6/90

* There is a slight (but negative) flow from the cash to the derivatives markets. The
information flow the opposite way is, however, more significant.
¢ Futures move toward option prices rather than vice versa.

7/90-12/90

* The first four subperiods suggest that futures and options returns can hardly be
forecasted, but in autumn, 1990 almost 20% of returns are predictable.

* Options move toward futures prices rather than vice versa.

* The lagged futures (options) returns are significant when explaining options (futures)
returns.

* Bidirectional causality occurs between cash and derivatives markets but the infor-
mation flow from the derivatives markets to the cash market is more significant and
covers two trading days.

On average, new information seems to be incorporated with greater speed in futures and
option prices. The lead of the derivatives markets is two days, suggesting that the trading
mechanism in the stock market (the calling out system) is not the major factor affecting
the lead-lag relationship. If the infrequent trading of stocks is the major factor causing
the leadership, it would affect during low stock market activity. No such phenomenon is
observed. The subperiod results on the whole do not support the model of Garbade and
Silber (1983). The increase in the derivatives trading volume relative to the underlying
cash market do not increase the predictive role of futures and options markets. Neither
does the increase in cash market trading change the relationship. Volatility seems to be
the only factor affecting the predictability of future returns. It is more difficult to forecast
index movements under high volatility.
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BAD NEWS VERSUS GOOD NEWS AND PRICE
DISCOVERY IN THE FUTURES MARKET

It is found that futures and options returns, on average, lead stock index returns. Past
studies attribute this to differences in short selling proceeds in these instruments. The
short selling constraint is assumed to reduce the speed of adjustment to new information
in the stock market. Since there is no difference in purchasing and selling futures and
options, prices in these markets are assumed to be symmetric in reflecting good news
and bad news.

The possibility of increasing the predictive power of futures markets is examined by
allowing the relationship between the returns of the markets to be different for positive
and negative cash index returns. This is done through the use of an appropriate dummy
variable. Table IX summarizes the regression estimates. The terms a, ag, b;, and ¢;
denote unknown parameters to be estimated. Two specifications are carried out. First, c;
is set to be zero. Second, all the variables are included.

The results clearly support the earlier reported finding that the index returns are
positively associated with lagged futures and options returns. Furthermore, the Dummy
variable represents the difference between the slope of the lead—lag relationship when the
index returns are positive and negative. The significant negative coefficients'? indicate
that the slope for negative returns is steeper than the slope for positive returns. This
is consistent with the hypothesis that restrictions on short selling of stocks is a major
factor causing the lead—~lag relationship. In contrast to findings of Chan (1992), futures
and options are found to be statistically better predictors of cash price downticks than
price upticks.

CONCLUSIONS

This article investigates the interrelationship between cash index and cash index deriva-
tives prices in the new Finnish markets. The vector error correction (VEC) model
of cointegration allows analysis of both the short-term and long-term intermarket
adjustments simultaneously. The results provide evidence of a significant information
flow from futures and options returns to index returns. With longer time horizon, futures
and option prices move further toward underlying cash prices rather than the opposite.
While the results for the whole research period are rather clear, further subperiod analysis
reveals that the lead—lag relationship varies greatly depending on the period of analysis.
One must be careful, therefore, in choosing the research period before making further
conclusions about the behavior of the markets. In particular, considerable caution is
needed in empirical research that covers substantial shifts in the level of trading volume
and volatility.

This study suggests that the cointegration of the stock index markets and stock index
futures markets should be considered when examining the informational flow between
markets. Particularly, the short-term and long-term comovements should be decomposed
into separate components. The relationship between derivatives and cash markets is
further improved by allowing the association between markets to be different for positive
and negative returns. This suggests that short selling restrictions are a significant factor
leading to a delay in the pricing of Finnish stocks.

The fact that the derivatives markets informationally dominate the cash market is
consistent with the previous findings from the U.S. markets. However, the price leadership

12The coefficients are statistically highly significant for two days lagged dummy variables. The one day
lagged coefficients are marginally significant at 11% and 17% significance levels.
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of the FOX futures and options is found to be significant even at the daily measurement
interval. This can be explained partly by the immature arbitrage sector and the relatively
large transaction costs and other market frictions in the Finnish stock market. [t must
also be noted that intraday transactions data were not available for this study.

Bibliography

Admati, A., and Pfleiderer, P. (1988): “A Theory of Intraday Patterns: Volume and Price
Variability. Review of Financial Studies, 1:3—40.

Akaike, H. (1969): “Fitting Autoregressive Models for Prediction,” Annals of the Institute of
Statistical Mathematics, 22:243-247.

Berglund, T., and Liljeblom, E. (1988): “Market Serial Correlation on a Small Security
Market,” Journal of Finance, 43 (5):1265-1275.

Bhatt, S., and Cakici, N. (1990): “Premiums on Stock Index Futures—Some Evidence,” The
Journal of Futures Markets, 10:367-375.

Bhattacharya, M. (1989): “Price Changes and Related Securities: The Case of Call Options
and Stocks,” Journal of Financial and Quantitative Analysis, 22 (1):1-15.
Brenner, M., Subrahmanyam, M. G., and Uno, J. (1990, March—April): “Arbitrage Opportu-
nities in the Japanese Stock and Futures Markets,” Financial Analysts Journal, 14-24.
Chan, K. A. (1992): “Further Analysis of the Lead—Lag Relationship Between the Cash
Market and Stock Index Futures Market,” Review of Financial Studies, 5(1):123-152.

Chan, K. A,, Chan, K. C,, and Karolyi, G. A. (1991): “Intraday Volatility in the Stock Index
and Stock Index Futures Markets,” Review of Financial Studies, 4(4):657-684.

Cheung, Y-W., and Ng, L. K. (1990): “The Dynamics of S&P 500 Index and S&P 500 Futures
Intraday Price Volatilities,” Review of Futures Markets, 9(2):458-486.

Cornell, B., and French, K. R. (1983): “Taxes and the Pricing of Stock Index Futures,” Journal
of Finance, 38(3):675-694.

Engle, R.F., and Granger, C. W.J. (1987): “Cointegration and Error Correction. Representa-
tion, Estimation, and Testing,” Econometrica, 55(2):251--276.

Finnerty, J., and Park, H. (1987a, March-April): “Stock Index Futures: Does the Tail Wag
the Dog?” Financial Analysts Journal, 43:57-61.

Finnerty, J., and Park, H. (1987b, November—December): “Stock Index Futures: Does the
Tail Wag the Dog? A Response to Comments,” Financial Analysts Journal, 43:76.

Finucane, T.J. (1991): “Put-Call Parity and Expected Returns,” Journal of Financial and
Quantitative Analysis, 26(4):445—-457.

Garbade, K. D., and Silber, W.L. (1983): “Price Movements and Price Discovery in Futures
and Cash Markets,” Review of Economics and Statistics, 65:289-297.

Gordon, D., Moriarty, E., and Tosini, P. (1987, November—December): “Stock Index Futures:
Does the Tail Wag the Dog?” Financial Analysts Journal, 43:72-73.

Granger, C. W.J. (1969, July): “Investigating Causal Relations by Econometric Models and
Cross-Spectral Methods,” Econometrica, 37:424—-438.

Granger, C. W.J. (1981): “Some Properties of Time Series Data and Their Use in Econometric
Model Specification,” Journal of Econometrics, 121-130.

Harris, L. (1989): “The October 1987 S&P 500 Stock-Futures Basis,” Journal of Finance,
44(1):77-99.

Herbst, A.F., and Maberly, E. (1987, November—December): “Shoes and Ships and Sealing
Wax, Cabbages and Kings: Now Tail-Wagged Dogs and Stock Index Futures,” Financial
Analysts Journal, 43:73-175.

CASH AND DERIVATIVES RELATIONSHIP / 663



Herbst A. F., McCormack, J., and West, E. (1987): “Investigation of a Lead—Lag Relationship
Between Spot Stock Indices and Their Futures Contracts,” The Journal of Futures Markets,
7(3):373-381.

Jensen, M. C. (1976): “Some Anomalous Evidence Regarding Market Efficiency,” Journal of
Financial Economics, 6:95-101.

Kawaller, I.G., Koch, P.D., and Koch, T.W. (1987): “The Temporal Price Relationship
between S&P 500 Futures and the S&P 500 Index,” Journal of Finance, 42(5):1309-1329.

Kutner, G.W., and Sweeney, R.J. (1991, Spring): “Causality Tests Between the S&P 500
Cash and Futures Markets,” Quarterly Journal of Business and Economics, 30:51-74.

MacKinlay, C. A., and Ramaswamy, K. (1988): “Index-futures Arbitrage and the Behavior of
Stock Index Futures Prices,” The Review of Financial Studies, 1(2):137-158.

MacKinnon, J. (1990): “Critical Values for Cointegration Tests,” in Modelling Long Run
Dynamic Relationships, Engle, R.F., and Granger, W.J. (eds.), Oxford University Press.

Manaster, S., and Rendleman, R.J. Jr. (1982): “Option Prices as Predictors of Equilibrium
Stock Prices,” Journal of Finance, 37(4):1043-1057.

Martikainen, T., and Puttonen, V. (1992): “On the Informational Flow Between Financial
Markets: International Evidence from Thin Stock and Stock Index Futures Markets,”
Economics Letters, 38:213-216.

Martikainen, T., and Puttonen, V. (1993 forthcoming): “A Note on the Predictability of Finnish
Stock Market Returns: Evidence from Stock Index Futures Markets, European Journal of
Operational Research.

Ng, V. (1987). “Detecting Spot Price Forecasts in Futures Prices Using Causality Tests,”
Review of Futures Markets, 6:250-267.

Ostermark, R., and Hernesniemi, H. (1993): “Measuring the Impact of Information Timeliness
on the Predictability of Stock Index and Stock Index Futures Returns: An Application of
Vector Models,” Working Paper, Abo Akedemi University, Turku, Finland.

Puttonen, V. (1992): “On the Behaviour of the Finnish Stock Index Options Markets,” Finnish
Economic Papers, 5(2):117-128.

Puttonen, V. (forthcoming): “The Ex ante Profitability of Index Arbitrage in the New Finnish
Markets,” Scandinavian Journal of Management.

Schwarz, T. V., and Laatsch, F. E. (1991): “Dynamic Efficiency and Price Leadership in Stock
Index Cash and Futures Markets,” Journal of Futures Markets, 11(6):669—683.

Stephan, J. A., and Whaley, R.E. (1990): “Intraday Price Changes and Trading Volume
Relations in the Stock and Stock Option Markets,” Journal of Finance, 45(2):191-220.
Stoll, H.R. (1969): “The Relationship Between Put and Call Prices,” Journal of Finance,

24(5):801-824.

Stoll, H.R., and Whaley, R.E. (1990, December): “The Dynamics of Stock Index and Stock
Index Futures Returns,” Journal of Financial and Quantitative Analysis, 25:441-468.

Tang, G.Y.N. (1990): “The Informational Content of the Implied Interest Rate from Stock
Index Futures,” The Review of Futures Markets, 9:180—189.

Wong, S.Q. (1991): “The Information Content of Futures Relative to Cash Market Prices,”
Working Paper, University of Minnesota, Duluth.

Yadav, P.K,, and Pope, P.F. (1990): “Stock Index Futures Arbitrage: International Evidence,”
The Journal of Futures Markets, 10(6):573-603.

Yadav, P.K,, and Pope, P.F. (1991): “Testing Index Futures Market Efficiency Using Price
Differences: A Critical Analysis, “The Journal of Futures Markets, 11(2):239-252.

Zeckhauser, R., and Niederhoffer, V. (1983, January —February): “The Performance of Market
Index Futures Contracts,” Financial Analysts Journal.

664 / PUTTONEN




Copyright of Journal of Futures Markets is the property of John Wiley & Sons, Inc. /
Business and its content may not be copied or emailed to multiple sites or posted to a
listserv without the copyright holder's express written permission. However, users may
print, download, or email articles for individual use.



