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Abstract

This paper challenges the existing literature examining the impact of the intro-

duction of index futures trading on the volatility of its underlying. To over-

come econometric shortcomings of previously published work using the dummy

variable approach, we employ a Markov-switching-GARCH technique. This ap-

proach endogenously identifies distinct volatility regimes rather than modelling

an exogenously defined one-step change in the volatility process. We investigate

stock market volatility in France, Germany, Japan, the UK and the US. Our

empirical results indicate that index futures trading does neither stabilize nor

destabilize the underlying spot market.
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1 Introduction

The process of arbitrage closely links futures markets with their underlying spot mar-

kets. A broad empirical literature has examined if the introduction of futures markets

stabilizes or destabilizes respective spot markets. However, an unanimous answer has

not yet been found. A number of theoretical papers result in conflicting predictions.

(Cagan, 1981; Stein, 1987; Kyle, 1985; Stoll and Whaley, 1988; for example). Hence,

empirical investigations are crucial to scrutinize if and how the introduction of futures

markets impacts the underlying.

The vast majority of recent empirical papers approaches the issue of volatility spillovers

by estimating GARCH-type models augmented by dummy variables. (Antoniou et al.,

1998; Gulen and Mayhew, 2000; McKenzie et al., 2001; Antoniou et al., 2005). This

dummy approach enables distinction between pre- and post-futures markets periods.

As a result, the impact of the introduction of futures markets on spot return volatility

can be examined.

However, the dummy variable approach can be challenged because it relies on an

exogenous determination of the shift in stock return volatility. By definition, it can

only model an abrupt one-step change in the volatility process, which may not represent

a realistic pattern. Moreover, the dummy variable is unable to capture any kind of

gradual adjustment from one volatility regime to another. In addition, this approach is

unable to correctly reflect transient changes. If a change in the volatility pattern does

not exactly coincide with the date of the futures market introduction and therefore does

not follow a one-step change, the dummy variable approach mis-specifies the process.

Therefore, any economic conclusions based on this econometric approach are likely to

be misleading.

Hence, the present paper employs a Markov-switching-GARCH model instead of the

dummy variable approach to examine financial markets in France, Germany, Japan, the

United Kingdom (UK) and the United States (US). Our model provides both empirical

and graphic evidence of whether and how the introduction of futures markets changes

the volatility structure of returns in the underlying spot markets. We endogenously
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model switches between different volatility regimes. This is all the more interesting

as the existing literature has not found unanimous empirical evidence on our research

question for these particular mature markets under consideration.

Our study therefore contributes to the literature on the matter by using an econo-

metric approach that has not yet been applied in this context and overcomes apparent

shortfalls of the well-established dummy approach. Moreover, it explores the five most

important mature financial markets, that were among the first to introduce index fu-

tures trading. Our estimation results indicate that the introduction of futures trading

has no effect on spot market volatility at all. It neither stabilizes nor destabilizes the

underlying.

The rest of the paper proceeds as follows: Section 2 briefly summarizes the avail-

able literature on the matter. Section 3 presents the data and econometric technique

employed. Section 4 presents our main empirical findings and section 5 concludes.

2 Literature overview

This section focuses on summarizing time series investigations which compare spot

market volatility before and after the introduction of index futures trading.1 Overall,

the existing empirical literature yields mixed evidence. Some papers report empirical

evidence in favour of the stabilization hypothesis, stating that the introduction of

derivatives trading is likely to reduce volatility in the underlying stock market. Others

support the destabilization hypothesis, asserting that futures trading will induce higher

stock market volatility. A third group finds no significant impact of the introduction

of futures markets on the volatility of the underlying at all.

The introduction of S&P500 index futures trading has been the first in a long line

of subsequent investigations: Edwards (1988) reports a decrease in the volatility of the

S&P500 index after the introduction of its index futures. In contrast, Santoni (1987)

finds no significant difference in the volatility of the S&P500 index before and after the

1See Sutcliffe (2006) for a comprehensive review of the relevant theoretical and empirical literature
regarding stock index futures and the question whether the introduction of futures markets stabilizes
or destabilizes the underlying.



3

introduction of its futures in April 1982. In line with this, Pericli and Koutmos (1997)

show that the creation of S&P500 stock index futures did not cause any shift in the

volatility of the underlying. Darrat et al. (2002) conclude that index futures trading

is not to blame for the observed volatility in the S&P500 spot market. Rather, they

find more support for the alternative view that volatility in the futures market is an

outgrowth of a turbulent cash market.

In contrast, Maberly et al. (1989) ascertain evidence in favour of the destabilizing

hypothesis as it increased volatility of the S&P500 index. However, the authors em-

phasize that this finding critically depends upon the selection of the sample size, i.e.

the length of the pre- and post-futures periods. Brorsen (1991) states futures trading

to have reduced autocorrelation and increases volatility of the S&P500 stock index.

Further empirical evidence in favour of the destabilizing hypothesis is provided by

Lockwood and Linn (1990) and Baldauf and Santani (1991). While Damodaran (1990)

reports an increase in daily price volatility of all the S&P 500 shares increased after

the introduction of the S&P 500 futures contract, this increase was not statistically

significant.

Turning to other mature markets, Lee and Ohk (1992) find evidence in favour of

the destabilizing hypothesis in reporting that spot market volatility in Australia, Hong

Kong, Japan, the UK and the US has significantly increased following the introduction

of index futures. However, Bacha and Vila (1994) confirm the stabilization hypothesis

for the Japanese market and Reyes (1996) for both the French and Danish market.

Several studies examine a great number of different markets at once: Antoniou

and Holmes (1995) scrutinize the British market and ascertain increasing spot market

volatilities after the introduction of the FTSE100 stock index futures. However, they

report that the nature of volatility has not changed post-futures and futures have

improved the speed and quality of information flowing to the spot market. In line

with this, Antoniou et al. (1998) use a GJR-GARCH approach to examine markets in

Germany, Japan, Spain, Switzerland, the UK and the US. They find no evidence in

favour of the stabilization hypothesis for spot markets in Japan, Spain, the UK and the

US. However, they find evidence in favour of the stabilizing hypothesis for the German
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and Swiss market.

In a broad study, Gulen and Mayhew (2000) investigate the time-series properties of

daily stock index returns in 25 different countries before and after the introduction of

stock index futures. They use a multivariate GARCH framework to compare volatility,

futures trading volume and open interest for a large cross section of different markets.

Their empirical results indicate that the futures introduction increases spot market

volatility in the US and Japan but has a dampening impact in 16 other countries, such

as Germany and the UK. The authors find no change in the volatility of spot markets

in the remaining seven countries.

Yu (2001) reports evidence in favour of the destabilizing hypothesis for stock index

markets in the US, France, Japan and Australia, while no significant increase in spot

market volatility following the introduction of index futures markets is found for the

UK and Hong Kong.

Antoniou et al. (2005) point out that inference about possible volatility spillovers

depends upon the presence of feedback traders in futures market. They investigate daily

stock index data between 1969 and 1996 from Canada, France, Germany, Japan, the

UK and the US. In all countries but the US, the introduction of futures trading coincides

with a reduced influence of feedback trading on the constituents of the underlying stock

index. Spot market volatility has not increased in any country.

As can be seen, a vast amount of empirical literature has dealt with our research

question. However, the introduction of index futures trading in the five mature mar-

kets we consider here has so far only been examined based on the dummy variable

approach, which imposes an exogenous shift date for and a permanent character of

possible changes in spot market volatility on the time series investigated.
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3 Data and econometric technique

Our data set comprises daily closing price observations of the CAC40 (France), the

DAX30 (Germany), the NIKKEI225 (Japan), the FTSE100 (UK) and the S&P500

(US).2 All data is taken from Global Financial Data. For each stock market index,

the sample period centers around the year of the introduction of its respective index

futures with a plus/minus five year window span. We therefore focus on the dates that

are key to answering our research question. At the same time, we ensure that the data

set contains enough observations to enable us to obtain reliable empirical results.

Futures contracts on the CAC40 were introduced on 9 November 1988, the ones on

the DAX30 on 23 November 1990, on the NIKKEI225 on 3 September 1986, on the

FTSE100 on 3 May 1984 and on the S&P500 on 21 April 1982. After having eliminated

extreme outliers caused by the stock market crash of October 1987, we construct the

following sample periods: 1 January 1983 to 31 December 1993 for the CAC40, 1

January 1985 to 31 December 1995 for the DAX30, 1 January 1981 to 31 December

1991 for the NIKKEI225, 1 January 1979 to 31 December 1989 for the FTSE100 and

1 January 1977 to 31 December 1987 for the S&P500. We define daily returns as

Rt ≡ 100 · [ln(Indext)− ln(Indext−1)].

In order to model endogenous volatility shifts in the index return time series Rt,

we use the Markov-switching-GARCH model developed in Gray (1996b) and refined

afterwards. We assume the data generating process (DGP) of the return Rt to be

affected by a latent random variable representing the state of the DGP at date t. A

latent state variable St is used to discriminate between two distinct volatility regimes:

St = 1 indicates that the DGP is in the high-volatility regime, while St = 2 indicates

that the DGP is in the low-volatility regime.

The basic element of our Markov-switching-GARCH model is the well-known prob-

ability density function of a mean-shifted t-distribution with ν degrees of freedom,

mean µ and variance h, tν,µ,h. Based on this parametric density function, we can spec-

ify stochastic processes for the mean and the volatility in regime i, which we denote by

2The CAC40 is represented by the CAC General prior to 9 July 1987. Further, we use the Financial
Times All Share index instead of the FTSE100 before 1 January 1984.
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µit and hit, according to which Rt is generated conditional upon the regime indicator

St = i, i = 1, 2.

Hence, the conditional distribution of the respective stock return is a mixture of two

mean-shifted t-distributions:

Rt|φt−1 ∼


tν1,µ1t,h1t with probability p1t

tν2,µ2t,h2t with probability (1− p1t)
(1)

where φt−1 defines the information set at date t− 1 and p1t ≡ Pr{St = 1|φt−1} denotes

the ex-ante probability of being in regime 1 at time t.

Our regime-dependent mean equation reads:

µit = a0i + a1iRt−1 + a2iR
SP

t−1 for i = 1, 2. (2)

By including Rt−1, we account for first-order autocorrelation in index returns. The

lagged S&P500 index return RSP
t−1 captures the international interdependence of the

stock markets under consideration.3

In contrast to the mean equation (2), specifying an adequate GARCH process for

the regime-specific variance hit is less straight forward. Without going into technical

detail, we first consider an aggregate of conditional stock index-return variances from

both regimes at date t:4

ht = E
[
R2
t |φt−1

]
− {E [Rt|φt−1]}2

= p1t
(
µ2
1t + h1t

)
+ (1− p1t) ·

(
µ2
2t + h2t

)
− [p1tµ1t + (1− p1t)µ2t]

2 . (3)

The quantity ht now provides the basis for the specification of the regime-specific con-

ditional variance hit+1, i = 1, 2 in the form of a parsimonious GARCH(1,1)-structure.

We follow the suggestion of Dueker (1997) and first parameterize the degrees of free-

dom of the tν,µ,h-distribution by q = 1/ν, so that (1−2q) = (ν−2)/ν. We then specify

our regime-specific GARCH equation as:

hit = b0i + b1i(1− 2qi)ε
2
t−1 + b2iht−1 (4)

3When examining the return of the S&P500, the mean equation includes one lagged return only.
4See Gray (1996b) for a formal discussion.
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with ht−1 given according to Eq. (3) and εt−1 obtained from:

εt−1 = Rt−1 − E [Rt−1|φt−2]

= Rt−1 − [p1t−1µ1t−1 + (1− p1t−1)µ2t−1] . (5)

For i = 1, 2 the sums b1i(1 − 2qi) + b2i of the coefficients from Eq. (4) constitute

convenient measures of the regime-specific persistence of volatility shocks. The higher

their value, the more time it takes for a shock to die out. A regime-specific volatility

shock will die out in finite time if the sum of the coefficients is less than 1. If the

coefficient sum exactly to 1 (i.e. for an integrated GARCH(1,1) process) volatility

shocks have a permanent effect and the unconditional variance of the process becomes

infinitely large.

Finally, we close our model by parameterizing the regime indicator St as a first-order

Markov process with constant transition probabilities. Letting πi be the probability of

the DGP prevailing in regime i (for i = 1, 2) between the dates t− 1 and t, we specify:

Pr {St = 1|St−1 = 1} = π1, Pr {St = 2|St−1 = 1} = 1− π1,

Pr {St = 2|St−1 = 2} = π2, Pr {St = 1|St−1 = 2} = 1− π2.
(6)

The log-likelihood function of our model can be obtained by performing similar calcu-

lations to Gray (1996b). The exact form of the function is presented in Wilfling (2009).

It contains the ex-ante probabilities p1t ≡ Pr{St = 1|φt−1} which can be estimated via

a recursive scheme. They are useful in forecasting one-step-ahead regimes based on

an information set that evolves over time. In our context, the ex-ante probability p1t

reflects market perceptions of the one-step-ahead volatility regime and therefore rep-

resents an adequate measure of stock market volatility sentiments. We also compute

the so-called smoothed probabilities Pr{St = 1|φT} by applying filter techniques after

the estimation of our model.5 The smoothed probabilities are based on the full sample-

information set φT and enable us to infer ex post if and when volatility regime switches

occur.

5We do so based on a filter algorithm provided by Gray (1996a).
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4 Empirical results

Before turning to the regression results of our Markov-switching-GARCH model, we

first discuss estimates of a GARCH model with a single regime only. We augment the

standard model by a multiplicative dummy variable in the conditional variance equa-

tion, which takes on the value of zero before and the value of one after the introduction

of the respective index futures. Antoniou et al. (1998), Gulen and Mayhew (2000) and

Antoniou et al. (2005) employ a similar approach. Table I summarizes our estimation

results.

[Insert Table I about here.]

With regard to the mean equation, all but the one for the DAX30 returns show

positive first-order autocorrelation as reflected by highly significant a1 coefficients. Es-

timates for the different a2 coefficients indicate that the US stock market has a strong

impact on the other markets under consideration. Throughout all indices examined,

the GARCH parameter estimates indicate highly persistent and stationary volatility

processes. However, the estimated c0-coefficients capturing the possible impact of the

index futures introduction vary in sign and size. While the introduction of index fu-

tures markets is found to increase volatility in the CAC40 and the NIKKEI225, it has

a calming impact on the DAX30. Spot return volatility of both the FTSE100 and the

S&P500 are not found to be affected by the introduction of their respective futures

markets.

Next, table II presents the maximum-likelihood estimates of the Markov-switching-

GARCH model for all five indices. We accomplished maximization of the log-likelihood

function using the BFGS-algorithm, heteroscedasticity-consistent estimates of standard

errors and suitably chosen starting values for all parameters. The majority of the coef-

ficients in both the mean and volatility equations (2) and (4) are statistically significant

at the 1% level for all return series.6

6Some comments on the probability distribution of the conventional t-statistic within our Markov-
switching-GARCH framework are in order. It has to be noted that its exact finite-sample distribution
is generally unknown. However, owing to some well-known asymptotic properties of general maxi-



9

[Insert Table II about here.]

In the mean equations, 6 out of the 10 autoregressive coefficients a11 and a12 are

statistically significant and positive. This shows a positive first-order autoregressive

structure in the stock index returns and is commonly reported in the literature. It

can be explained by non-synchronous trading (Lo and MacKinlay, 1990), time-varying

expected returns (Conrad and Kaul, 1988), transaction costs (Mech, 1993) and feedback

trading (Shiller, 1989; Sentana and Wadhwani, 1992). For the CAC40, the DAX30, the

NIKKEI225 and the FTSE100, the coefficients a21 and a22 on the lagged S&P500 index

returns RSP
t−1 are statistically significant and positive in both regimes, which underlines

the strong interdependence between US and international stock markets.

Regarding the estimated GARCH parameters, we find that their sums b1i(1−2qi)+b2i

are less than 1 for all series and both regimes. This suggests that we have stationary

conditional volatility processes in all regimes: Volatility shocks die out in finite time.

Our estimates of the transition probabilities π1 and π2 are close to one, which indicates

a high degree of regime persistence.

The bottom part of table II presents diagnostic checks to examine the model fit.

It provides Ljung-Box Q-statistics testing for serial correlation of the squared stan-

dardized residuals for lags 1, 2, 3, 5 and 10. With exception of the CAC40, the null

hypothesis of no autocorrelation cannot be rejected up to lag 10 at any conventional

significance level. This result provides evidence in favour of our two-regime Markov-

switching-GARCH model specification.

Examination of the ex-ante and smoothed probabilities Pr{St = 1|φt−1} and Pr{St =

1|φT} provides empirical evidence about the timing of switches between the high- and

low-volatility regimes. Figures 1 to 5 display the different daily stock returns, the

regime-1 probabilities and the conditional variance for all indices under consideration.

Since the ex-ante probabilities are determined on the basis of an evolving and therefore

shortening information set, they exhibit a more erratic dynamic behaviour than the

mum likelihood estimators in conjunction with an appropriate limiting distribution result, it can be
concluded that under the null hypothesis of a single parameter being equal to zero, our t-statistics
should converge in distribution towards a standard normal variate. This implies asymptotic critical
values of 2.58, 1.96 and 1.64 for the absolute value of the t-statistic at the 1%, 5% and 10%-levels.
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smoothed regime-1 probabilities. The time following the introduction of the respective

index futures trading is shaded in grey. Periods of high probabilities are generally

associated with periods of high conditional volatility. This reflects that regime 1 is the

high-volatility regime.

[Insert Figures 1 to 5 about here.]

If the destabilization hypothesis is valid, we should see a clear-cut and permanent in-

crease in stock market volatility following the introduction of futures trading. In terms

of our Markov-switching-GARCH approach, spot market returns should therefore per-

form a sustained shift to the high-volatility regime accompanied by higher conditional

variance following the introduction of the respective futures market.

Figure 1 shows that after roughly 15 months of low volatility for the CAC40 index,

a switch to the high-volatility regime takes place at the end of 1985. The CAC40 then

remains in the high-volatility regime until the end of our sample period. Prior to its

introduction date on 9 July 1987, we use the CAC General instead of the CAC40.

The observed pattern could therefore result from lower volatility of the broader index

employed during the first 3.5 years of our sample period. In turn, the October 1987

stock market crash appears clearly in the structure of the conditional variance. The

introduction of CAC40 index futures on 9 November 1988 falls into the high-volatility

regime. Compared to levels reached in 1987 and between 1990 and 1993, the conditional

variance is relatively low around the introduction date. Overall, no distinct impact of

the introduction of the French index futures market emerges. We therefore do not find

evidence in favour of the stabilizing nor the destabilizing hypothesis for the French

market.

Our estimation output for the German DAX30 is shown in figure 2 and suggests

many short periods of increased volatility. Nonetheless, our model appears to capture

the volatility clusters in returns quite well. The crash in October 1987 is reflected in

a short period of high-volatility accompanied by an extreme spike in the conditional

variance. Around the time of the introduction of DAX30 futures trading on 23 Novem-

ber 1990, other short but distinct periods of high volatility appear. In line with this,
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the conditional volatility around that time is considerably above its overall average.

However, this cannot be regarded as empirical evidence in favour of the destabilization

hypothesis as the period of high volatility is only temporary.

Figure 3 summarizes our regression results for the Japanese NIKKEI225. In the first

half of our sample, several minor spikes in both the high-volatility regime probabilities

and the conditional variance occur. In the second half, two pronounced periods of high

volatility between 1986 and 1988 as well as from 1990 onwards emerge. The introduc-

tion of NIKKEI225 index futures markets on 3 September 1986 falls into the former,

which lasts until the end of 1987. Afterwards, both the regime-1 probabilities and

the conditional variance indicate low-volatility for roughly two years. The NIKKEI225

switches back to the high-volatility regime at the beginning of 1990. The temporar-

ily lower volatility from 1988 to 1990 provides evidence against the destabilization

hypothesis.

For the British FTSE100 index, our model picks up several distinct periods of high

and low volatility, as can be seen in figure 4. A relatively long period of high volatility

lasts from September 1983 to December 1984. During this time span, index futures

on the FTSE100 were introduced on 3 May 1984. Thereupon, a gradual transition

towards the low-volatility regime occurs. With the exception of the month after the

stock market crash in October 1987, the FTSE100 remains in the low-volatility regime

up to 1989. This empirical finding does not reveal a persistent increase in stock market

volatility after the introduction of index derivatives trading.

Lastly, figure 5 presents our results for the S&P500. The evolution of the regime-1

probabilities in our sample shows no lasting periods of high volatility at all. Also,

the introduction of S&P500 index futures on 21 April 1982 falls into the low-volatility

regime. Six month afterwards, a considerable increase in the conditional variance

occurs. However, it is not permanent as the conditional variance gradually moves

back to its average. The October 1987 crash is clearly visible both in the regime-1

probabilities and the conditional variance. Again, we can neither confirm empirical

evidence either in favour of the stabilizing nor of the destabilizing hypothesis.
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Summing up, for all five indices considered, the introduction of index futures trading

does not lead to a permanent transition to a high-volatility regime along with a higher

conditional variance. We do not find evidence for stabilizing effects, either. In con-

sequence, the introduction of derivatives trading does not seem to be connected with

the volatility of the underlying spot market at all. This contradicts our preliminary

findings based on the dummy variable approach. Therefore, the approach of imposing

an exogenously predetermined shift date for possible changes in spot market volatility

seems inappropriate to capture its dynamics.
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5 Summary and conclusions

This paper re-examines whether the introduction of index futures trading impacts the

volatility of the underlying stock index returns. We investigate five major stock market

indices around their respective futures introduction: The CAC40 (France), the DAX30

(Germany), the NIKKEI225 (Japan), the FTSE100 (UK) and the S&P500 (US). By

applying a Markov-switching-GARCH model, we allow for endogenous volatility regime

shifts and can reveal if the volatility structure of stock index returns has changed

transitorily or permanently. We therefore overcome an econometric shortcoming of

the existing literature: The vast majority of papers estimates GARCH models that

include a dummy variable to capture the introduction of futures trading in the variance

equation. This approach relies on an exogenous determination of any possible volatility

shift. It only models an abrupt one-step change in the volatility process which may

not constitute a realistic pattern of volatility changes. By construction, the one-step

dummy variable approach cannot capture gradual adjustment to a new volatility regime

and does not allow for a transitory volatility change.

Our regression results suggest that the introduction of index futures trading does

neither stabilize nor destabilize the underlying spot market. Futures trading does not

seem to influence spot market volatility at all. While we find periods of high volatility

for all indices under consideration, they are all likely to be caused by events such

as financial turmoil and not by the introduction of derivatives trading. We therefore

cast doubt on the various different conclusions drawn from empirical evidence in the

available literature.



14

References

Antoniou, A., P. Holmes, and R. Priestley (1998). The effects of stock index futures

trading on stock index volatility: An analysis of the asymmetric response of volatility

to news. Journal of Futures Markets, 18, 151-166.

Antoniou, A. and P. Holmes (1995). Futures trading, information and spot price volatil-

ity: evidence for the FTSE-100 stock index futures contract using GARCH. Journal

of Banking and Finance, 19, 117-129.

Antoniou, A., G. Koutmos, and A. Pericli (2005). Index futures and positive feedback

trading: Evidence from major stock exchanges. Journal of Empirical Finance, 12,

219-238.

Bae, S.C., T.H. Kwon, and J.W. Park (2004). Futures trading, spot market volatility,

and market effciency: The case of the Korean index futures markets. Journal of

Futures Markets, 24, 1195-1228.

Baldauf, B. and G.J. Santoni (1991). Stock price volatility: some evidence from an

ARCH model. Journal of Futures Markets, 11, 191-200.

Barber, B.M. and T. Odean (2008). All that glitters: The effect of attention and news

on the buying behavior of individual and institutional investors. Review of Financial

Studies, 21, 785-818.

Becketti, S. and D.J. Roberts (1990). Will increased regulation of stock index futures

reduce stock market volatility? Federal Reserve Bank of Kansas City Economic

Review, November-December, 33-46.

Bohl, M.T., C.A. Salm and B. Wilfling (2011). Do individual index futures investors

destabilize the underlying spot market? Journal of Futures Markets, 31, 81-101.

Bray, M. (1981). Futures trading, rational expectations, and the effcient markets hy-

pothesis. Econometrica, 49, 575-596.



15

Brorsen, B.W. (1991). Futures trading, transaction costs, and stock market volatility.

Journal of Futures Markets, 11, 153-163.

Cagan, P. (1981). Financial futures markets: Is more regulation needed? Journal of

Futures Markets, 1, 169-190.

Cohen, B.H. (1999). Derivatives, volatility and price discovery. International Finance,

22, 167-202.

Cohen, R.B., P.A. Gompers, and T. Vuolteenaho (2002). Who underreacts to cash

flow news? Evidence from trading between individuals and institutions. Journal of

Financial Economics, 66, 409-462.

Conrad, J. and G. Kaul (1988). Time-variation in expected returns. Journal of Business,

61, 409-425.

Cox, C.C. (1976). Futures trading and market information. Journal of Political Econ-

omy, 84, 1215-1237.

Darrat, A.F. and S. Rahman (1995). Has futures trading activity caused stock price

volatility. Journal of Futures Markets, 15, 537-557.

Dueker, M.J. (1997). Markov switching in garch processes and mean-reverting stock-

market volatility. Journal of Business & Economic Statistics, 15, 26-34.

Edwards, F.R. (1988). Does futures trading increase stock market volatility? Financial

Analysts Journal, 44, 63-69.

Figlewski, S. (1981). GNMA passthrough securities, futures trading and volatility in

the GNMA market. Journal of Finance, 36, 445-456.

Gelman, S. and B. Wilfling (2009). Markov-switching in target stocks during takeover

bids. Journal of Empirical Finance, 16, 745-758.

Gray, S.F. (1996a). An analysis of conditional regime-switching models. Unpublished

Working Paper, Fuqua School of Business, Duke University, Durham, NC.



16

Gray, S.F. (1996b). Modeling the conditional distribution of interest rates as a regime-

switching process. Journal of Financial Economics, 42, 27-62.

Gulen, H. and S. Mayhew (2000). Stock index futures trading and volatility in inter-

national equity markets. Journal of Futures Markets, 20, 661-685.

Hart, O.D. and D.M. Kreps (1986). Price destabilizing speculation. Journal of Political

Economy, 94, 927-952.

Kamara, A., T.W. Miller, and A.F. Siegel (1992). The effect of futures trading on the

stability of Standard and Poor 500 returns. Journal of Futures Markets, 12, 645-658.

Kaniel, R., G. Saar, and S. Titman (2008). Individual investor trading and stock re-

turns. Journal of Finance, 63, 273-310.

Kurov, A. (2008). Tick size reduction, execution costs, and informational effciency

in the regular and e-mini NASDAQ-100 index futures markets. Journal of Futures

Markets, 28, 871-888.

Kyle, A.S. (1985). Continuous auctions and insider trading. Econometrica, 53, 1315-

1336.

Lee, Y.-T., J.-C. Lin, and Y.-J. Liu (1999). Trading patterns of big versus small players

in an emerging market: An empirical analysis. Journal of Banking and Finance, 23,

701-725.

Lee, S.B. and K.Y. Ohk (1992). Stocl index futures listing and structural change in

time-varying volatility. Journal of Futures Markets, 12, 493-509.

Lo, A.W. and A.C. MacKinlay (1990). An econometric analysis of nonsynchronous

trading. Journal of Econometrics, 45, 181-211.

Maberly, E.D., D.S. Allen, R.F. Gilbert (1989). Stock index futures and cash market

volatility. Financial Analysts Journal, 45, 75-77.



17

McKenzie, M.D., T.J. Brailsford, and R.W. Faff (2001). New insights into the impact

of the introduction of futures trading on stock price volatility. Journal of Futures

Markets, 21, 237-255.

Mech, T.S. (1993). Portfolio return autocorrelation. Journal of Financial Economics,

34, 307-344.

Pericli, A. and G. Koutmos (1997). Index futures and options and stock market volatil-

ity. Journal of Futures Markets, 17, 957-974.

Powers, M.J. (1970). Does futures trading reduce price fluctuations in the cash markets?

American Economic Review, 60, 460-464.

Rahman, S. (2001). The introduction of derivatives on the Dow Jones Industrial Av-

erage and the their impact on volatility of component stocks. Journal of Futures

Markets, 21, 633-653.

Reyes, M.G. (1996). Index futures trading and stock price volatility: evidence from

Denmark and France. Journal of Economics and Finance, 20, 81-88.

Santoni, G.J. (1987). Has programmed trading made stock prices more volatile? Fed-

eral Reserve Bank of St. Louis Review, May, 18-29.

Sentana, E. and S. Wadhwani (1992). Feedback traders and stock return autocorrela-

tions: Evidence from a century of daily data. Economic Journal, 102, 415-425.

Shiller, R.J. (1989). Market Volatility. Cambridge MA: MIT Press.

Stein, J.C. (1987). Informational externalities and welfare-reducing speculation. Jour-

nal of Political Economy, 95, 1123-1145.

Stoll, H.R. and R.E. Whaley (1988). Volatility and futures: Message versus messenger.

Journal of Portfolio Management, 14, 20-22.

Sutcliffe, C.M.S. (2006). Stock Index Futures (3nd ed.). Hampshire: Ashgate Publish-

ing Limited.



18

Wilfling, B. (2009). Volatility regime-switching in European exchange rates prior to

monetary unification. Journal of International Money and Finance, 28, 240-270.

Yu, S.-W. (2001). Index Futures Trading and Spot Price Volatility. Applied Economics

Letters, 8, 183-186.



19

T
ab

el
 I

: E
st

im
at

es
 a

n
d

 r
el

at
ed

 s
ta

ti
st

ic
s 

fo
r 

G
A

R
C

H
 m

o
d

el
 w

it
h

 m
u

lt
ip

li
ca

ti
v

e 
d

u
m

m
y

 v
ar

ia
b

le
 

 
C

A
C

 4
0

 
 

D
A

X
 3

0
 

 
N

IK
K

E
I 

2
2

5
 

 
F

T
SE

 1
0

0
 

 
S&

P
 5

0
0

 
 

P
ar

am
et

er
s 

 
E

st
im

at
e 

S.
 E

. 
E

st
im

at
e 

S.
 E

. 
E

st
im

at
e 

S.
 E

. 
E

st
im

at
e 

S.
 E

. 
E

st
im

at
e 

S.
 E

. 

0
a

 
0

.0
8

4
3

**
* 

0
.0

1
3

5
 

0
.0

4
4

4
**

* 
0

.0
1

6
6

 
0

.0
6

0
8

**
* 

0
.0

1
1

4
 

0
.0

5
9

8
**

* 
0

.0
1

3
6

 
0

.0
2

6
5

 
0

.0
1

8
3

 

1
a

 
0

.1
0

4
4

**
* 

0
.0

1
8

1
 

0
.0

0
5

5
 

0
.0

1
8

6
 

0
.1

1
5

8
**

* 
0

.0
1

7
4

 
0

.0
5

8
9

**
* 

0
.0

1
9

3
 

0
.1

0
7

4
**

* 
0

.0
2

0
3

 

2
a

 
0

.3
4

2
8

**
* 

0
.0

1
8

7
 

0
.4

0
7

6
**

* 
0

.0
2

2
3

 
0

.2
2

6
8

**
* 

0
.0

1
2

6
 

0
.2

4
2

5
**

* 
0

.0
1

6
8

 
- 

- 

0
b

 
0

.0
1

6
5

**
* 

0
.0

0
4

7
 

0
.0

3
1

0
**

* 
0

.0
0

8
0

 
0

.0
2

4
1

**
* 

0
.0

0
4

8
 

0
.0

3
6

4
**

* 
0

.0
0

9
9

 
0

.0
0

9
7

**
* 

0
.0

0
3

7
 

1
b

 
0

.1
3

3
8

**
* 

0
.0

2
2

1
 

0
.1

0
3

8
**

* 
0

.0
1

8
3

 
0

.1
6

5
7

**
* 

0
.0

2
2

3
 

0
.0

7
9

0
**

* 
0

.0
1

2
2

 
0

.0
4

8
6

**
* 

0
.0

0
8

7
 

2
b

 
0

.8
4

1
8

**
* 

0
.0

2
4

8
 

0
.8

7
0

7
**

* 
0

.0
2

1
5

 
0

.7
4

5
7

**
* 

0
.0

3
4

4
 

0
.8

6
6

0
**

* 
0

.0
2

4
5

 
0

.9
3

4
7

**
* 

0
.0

1
2

8
 

q
 

0
.1

4
6

3
**

* 
0

.0
1

6
7

 
0

.1
3

5
7

**
* 

0
.0

1
1

5
 

0
.1

5
4

5
**

* 
0

.0
1

9
8

 
0

.0
3

9
9

**
* 

0
.0

1
1

3
 

0
.1

1
8

5
**

* 
0

.0
1

7
4

 

0
c

 
0

.0
2

0
9

**
 

0
.0

0
9

3
 

-0
.0

2
3

2
**

* 
0

.0
0

8
5

 
0

.0
7

5
4

**
* 

0
.0

1
9

9
 

0
.0

0
1

9
 

0
.0

0
7

1
 

0
.0

0
3

1
 

0
.0

0
4

1
 




2
1

)
2

1(
b

q
b




 
[0

.9
3

6
5

] 
 

[0
.9

4
6

3
] 

 
[0

.8
6

0
2

] 
 

[0
.9

3
8

7
] 

 
[0

.9
7

1
8

] 
 

L
o

g-
li

k
el

ih
o

o
d

 
-3

5
8

3
.0

2
8

0
 

-3
8

6
5

.1
3

4
3

 
-3

1
9

3
.2

1
4

6
 

-3
4

1
7

.0
8

3
8

 
-3

4
3

2
.6

8
5

4
 

R
es

id
u

al
 a

n
al

y
si

s  
E

st
im

at
e 

p
-v

al
u

e 
E

st
im

at
e 

p
-v

al
u

e 
E

st
im

at
e 

p
-v

al
u

e 
E

st
im

at
e 

p
-v

al
u

e 
E

st
im

at
e 

p
-v

al
u

e 

2 1
L

B
 

0
.0

7
4

 
0

.7
8

5
 

0
.0

1
7

 
0

.8
9

6
 

0
.0

8
4

 
0

.7
7

2
 

0
.0

0
0

 
0

.9
9

5
 

1
.4

9
9

 
0

.2
2

1
 

2 2
L

B
 

8
.4

9
4

**
 

0
.0

1
4

 
0

.0
8

8
 

0
.9

5
7

 
0

.0
8

9
 

0
.9

5
7

 
2

.2
8

1
 

0
.3

2
0

 
1

.6
4

3
 

0
.4

4
0

 
2 3

L
B

 
9

.5
8

5
**

 
0

.0
2

2
 

0
.1

7
1

 
0

.9
8

2
 

0
.1

1
8

 
0

.9
8

9
 

2
.9

0
9

 
0

.4
0

6
 

2
.7

1
7

 
0

.4
3

7
 

2 5
L

B
 

1
1

.2
1

6
**

 
0

.0
4

7
 

0
.3

6
3

 
0

.9
9

6
 

0
.1

6
2

 
0

.9
9

9
 

3
.9

1
2

 
0

.5
6

2
 

7
.0

2
1

 
0

.2
1

9
 

2 1
0

L
B

 
1

2
.2

6
9

 
0

.2
6

7
 

1
.1

9
7

 
0

.9
9

9
 

1
.2

8
4

 
0

.9
9

9
 

7
.6

4
2

 
0

.6
6

4
 

8
.2

0
0

 
0

.6
0

9
 

N
o

te
s:

 T
h

e 
ta

b
le

 r
ep

o
rt

s 
es

ti
m

at
es

 f
o

r 
th

e 
p

ar
am

et
er

s 
an

d
 s

ta
n

d
ar

d
 e

rr
o

rs
 a

re
 f

ro
m

 t
h

e 
fo

ll
o

w
in

g 
G

A
R

C
H

 m
o

d
el

. 
T

h
e 

co
n

d
it

io
n

al
 d

is
tr

ib
u

ti
o

n
 o

f 
th

e 
re

tu
rn

 
t

R
 i

s 
a 

m
ea

n
-s

h
if

te
d

 t
-d

is
tr

ib
u

ti
o

n
 w

it
h

 
 d

eg
re

es
 o

f 
fr

ee
d

o
m

, m
ea

n
 

t


 a
n

d
 v

a
ri

an
ce

t
h

: 

t
t

h
t

t
t

R
,

,
1

~
|







, 

w
h

er
e 

1
t


 d

ef
in

es
 t

h
e 

in
fo

rm
at

io
n

 s
et

 a
t 

d
at

e 
1


t

. T
h

e 
es

ti
m

at
ed

 m
ea

n
 e

q
u

at
io

n
 in

cl
u

d
in

g 
1
t

R
 a

n
d

 t
h

e 
la

gg
ed

 S
&

P
 5

0
0

 r
et

u
rn

 
S

P
t

R
1


 a
s 

a 
co

n
tr

o
l v

ar
ia

b
le

 i
s 

S
P

t
t

t
R

a
R

a
a

1
2

1
1

0









. 

W
h

en
 w

e 
m

o
d

el
 t

h
e 

re
tu

rn
 o

f 
th

e 
S&

P
 5

0
0

, 
th

e 
m

ea
n

 e
q

u
at

io
n

 i
n

cl
u

d
es

 o
n

e 
la

gg
ed

 r
et

u
rn

 o
n

ly
. 

A
 p

ar
si

m
o

n
io

u
s 

G
A

R
C

H
(1

,1
)-

st
ru

ct
u

re
 w

it
h

 
 p

ar
am

et
er

iz
ed

 b
y

 
/

1


q
, s

o
 t

h
at

 



/

)
2

(
)

2
1(





q

, s
p

ec
if

ie
s 

th
e 

co
n

d
it

io
n

al
 v

ar
ia

n
ce

: 

)
)

2
1(

)(
1(

1
2

2
1

1
0

0











t
t

t
t

h
b

q
b

b
D

c
h


, 

w
h

er
e 

1
1

2
1

1
1

]
|

[















t

t
t

t
t

t
R

R
E

R





 a
n

d
 t

h
e 

m
u

lt
ip

li
ca

ti
v

e 
d

u
m

m
y

 v
ar

ia
b

le
 

t
D

 t
ak

es
 t

h
e 

v
al

u
e 

o
f 

1
 a

ft
er

 t
h

e 
in

tr
o

d
u

ct
io

n
 o

f 
in

d
ex

 f
u

tu
re

s 
tr

ad
in

g 
an

d
 0

 

o
th

er
w

is
e.

 M
ax

im
iz

at
io

n
 o

f 
th

e 
lo

g
-l

ik
el

ih
o

o
d

 f
u

n
ct

io
n

 w
as

 p
er

fo
rm

ed
 b

y
 t

h
e 

“M
A

X
IM

IZ
E

”-
ro

u
ti

n
e 

w
it

h
in

 t
h

e 
so

ft
w

ar
e 

p
ac

k
ag

e 
R

A
T

S 
7

.1
 u

si
n

g 
th

e
 B

F
G

S-
al

go
ri

th
m

, 
h

et
er

o
sc

ed
as

ti
ci

ty
-c

o
n

si
st

en
t 

es
ti

m
at

es
 o

f 
st

an
d

ar
d

 e
rr

o
rs

 a
n

d
 s

u
it

ab
ly

 c
h

o
se

n
 s

ta
rt

in
g 

v
al

u
es

 f
o

r 
al

l p
ar

am
et

er
s 

in
v

o
lv

ed
.  

2 i
L

B
 d

en
o

te
s 

th
e 

L
ju

n
g

-B
o

x 
Q

-s
ta

ti
st

ic
s 

fo
r 

se
ri

al
 c

o
rr

el
at

io
n

 o
f 

th
e 

sq
u

ar
ed

 s
ta

n
d

ar
d

iz
ed

 r
es

id
u

al
s 

u
p

 t
o

 i
 l

ag
s.

 *
, *

*,
 *

**
 d

en
o

te
 s

ta
ti

st
ic

al
 s

ig
n

if
ic

an
ce

 a
t 

th
e 

1
0

%
, 5

%
 

an
d

 1
%

 l
ev

el
, r

es
p

ec
ti

v
el

y
. 



20

T
ab

el
 I

I:
 E

st
im

at
es

 a
n

d
 r

el
at

ed
 s

ta
ti

st
ic

s 
fo

r 
M

ar
k

o
v

-s
w

it
ch

in
g-

G
A

R
C

H
 m

o
d

el
 

 
C

A
C

 4
0

 
 

D
A

X
 3

0
 

 
N

IK
K

E
I 

2
2

5
 

 
F

T
SE

 1
0

0
 

 
S&

P
 5

0
0

 
 

P
ar

am
et

er
s 

 
E

st
im

at
e 

S.
 E

. 
E

st
im

at
e 

S.
 E

. 
E

st
im

at
e 

S.
 E

. 
E

st
im

at
e 

S.
 E

. 
E

st
im

at
e 

S.
 E

. 
R

eg
im

e 
1

 
 

 
 

 
 

 
 

 
 

 

0
1

a
 

0
.0

5
7

6
 

0
.0

3
6

2
 

-0
.0

5
3

5
 

0
.0

9
5

6
 

-0
.0

7
8

5
 

0
.1

6
1

6
 

0
.0

7
1

6
 

0
.0

5
2

7
 

-0
.0

8
6

4
 

0
.0

7
2

8
 

1
1

a
 

0
.0

4
9

4
**

 
0

.0
1

9
8

 
-0

.0
1

1
9

 
0

.1
5

7
8

 
0

.1
5

8
3

**
 

0
.0

6
3

0
 

0
.0

5
6

8
 

0
.0

5
7

2
 

0
.0

8
8

5
 

0
.0

8
2

6
 

2
1

a
 

0
.3

8
2

0
**

* 
0

.0
2

3
7

 
0

.2
5

2
3

* 
0

.1
5

2
2

 
0

.2
9

0
0

* 
0

.1
7

2
9

 
0

.4
9

9
6

**
* 

0
.0

3
0

7
 

- 
- 

0
1

b
 

0
.0

7
3

2
 

0
.0

5
6

8
 

0
.0

2
1

5
 

0
.0

5
4

0
 

0
.2

9
2

5
 

0
.2

1
7

5
 

0
.0

2
5

6
* 

0
.0

1
4

5
 

0
.0

6
8

5
 

0
.0

4
5

2
 

1
1

b
 

0
.1

1
5

3
**

* 
0

.0
2

5
1

 
0

.2
4

4
6

 
0

.4
7

3
9

 
0

.1
3

6
3

 
0

.0
8

4
8

 
0

.1
5

7
6

**
* 

0
.0

1
4

0
 

0
.3

9
5

5
 

0
.3

7
1

8
 

2
1

b
 

0
.8

4
0

0
**

* 
0

.0
6

0
5

 
0

.7
4

5
2

**
 

0
.3

2
7

4
 

0
.8

1
5

8
**

* 
0

.1
6

1
3

 
0

.8
0

3
6

**
* 

0
.0

0
8

6
 

0
.5

4
5

2
**

 
0

.2
4

2
2

 

1
q

 
0

.0
8

7
6

**
* 

0
.0

1
6

1
 

0
.2

8
4

1
**

 
0

.1
2

9
6

 
0

.1
8

6
3

**
* 

0
.0

4
9

1
 

0
.1

2
5

9
**

* 
0

.0
2

8
5

 
0

.2
7

2
2

**
* 

0
.0

3
1

6
 




2
1

1
1
1

)
2

1(
b

q
b




 
[0

.9
3

5
1

] 
 

[0
.8

5
0

8
] 

 
[0

.9
0

1
3

] 
 

[0
.9

2
1

5
] 

 
[0

.7
2

5
4

] 
 

R
eg

im
e 

2
 

 
 

 
 

 
 

 
 

 
 

0
2

a
 

0
.0

9
3

4
**

* 
0

.0
2

7
4

 
0

.0
8

0
8

**
* 

0
.0

2
7

8
 

0
.0

6
6

9
**

* 
0

.0
1

6
0

 
0

.0
6

0
7

**
* 

0
.0

1
4

2
 

0
.0

3
2

5
* 

0
.0

1
8

2
 

1
2

a
 

0
.2

2
4

8
**

* 
0

.0
4

5
7

 
0

.0
0

8
5

 
0

.0
6

5
7

 
0

.1
0

3
6

**
* 

0
.0

2
9

3
 

0
.0

6
6

6
**

* 
0

.0
1

9
3

 
0

.1
0

7
2

**
* 

0
.0

2
2

8
 

2
2

a
 

0
.3

2
2

7
**

* 
0

.0
2

6
0

 
0

.4
7

2
7

**
* 

0
.1

5
9

2
 

0
.2

2
0

0
**

* 
0

.0
1

9
8

 
0

.1
9

2
2

**
* 

0
.0

1
6

6
 

- 
- 

0
2

b
 

0
.1

1
2

1
**

 
0

.0
5

1
0

 
0

.0
2

1
1

 
0

.0
2

0
1

 
0

.0
9

0
0

* 
0

.0
4

9
8

 
0

.0
4

7
6

**
* 

0
.0

0
0

6
 

0
.0

0
1

4
 

0
.0

0
6

3
 

1
2

b
 

0
.2

1
6

8
 

0
.1

4
4

0
 

0
.0

7
0

8
 

0
.0

5
7

0
 

0
.1

8
7

7
 

0
.1

1
7

2
 

0
.0

6
5

3
**

* 
0

.0
0

7
1

 
0

.0
1

9
3

 
0

.0
1

3
3

 

2
2

b
 

0
.2

5
3

0
 

0
.1

9
4

0
 

0
.9

1
2

3
**

* 
0

.0
9

7
8

 
0

.4
1

1
9

**
* 

0
.1

9
4

0
 

0
.8

5
1

5
**

* 
0

.0
1

0
7

 
0

.9
8

3
6

**
* 

0
.0

3
2

7
 

2
q

 
0

.1
9

3
7

**
 

0
.0

7
7

7
 

0
.0

0
2

9
**

* 
0

.0
0

0
1

 
0

.1
1

1
3

 
0

.0
8

5
9

 
0

.0
0

2
9

**
* 

0
.0

0
0

3
 

0
.0

9
3

7
**

* 
0

.0
3

0
8

 



2
2

2
1
2

)
2

1(
b

q
b




 
[0

.3
8

5
8

] 
 

[0
.9

8
2

7
] 

 
[0

.5
5

7
8

3
] 

 
[0

.9
1

6
5

] 
 

[0
.9

9
9

3
] 

 

T
ra

n
si

ti
o

n
 p

ro
b

ab
il

it
ie

s 
 

 
 

 
 

 
 

 
 

 

1


 
0

.9
9

3
9

**
* 

0
.0

0
2

9
 

0
.9

6
7

2
**

* 
0

.0
2

2
2

 
0

.9
6

0
6

**
* 

0
.0

2
8

9
 

0
.9

6
5

7
**

* 
0

.0
0

1
8

 
0

.9
5

2
4

**
* 

0
.0

1
8

7
 

2


 
0

.9
9

7
1

**
* 

0
.0

0
3

8
 

0
.9

8
3

8
**

* 
0

.0
0

5
8

 
0

.9
9

8
3

**
* 

0
.0

0
7

1
 

0
.9

9
2

2
**

* 
0

.0
0

0
6

 
0

.9
9

5
0

**
* 

0
.0

0
9

5
 

L
o

g-
li

k
el

ih
o

o
d

 
-3

5
5

4
.2

8
0

5
 

-3
8

3
9

.2
9

6
6

 
-3

1
8

5
.4

5
0

6
 

-3
4

0
9

.1
5

0
3

 
-3

4
2

3
.8

5
8

1
 

R
es

id
u

al
 a

n
al

y
si

s  
E

st
im

at
e 

p
-v

al
u

e 
E

st
im

at
e 

p
-v

al
u

e 
E

st
im

at
e 

p
-v

al
u

e 
E

st
im

at
e 

p
-v

al
u

e 
E

st
im

at
e 

p
-v

al
u

e 

2 1
L

B
 

0
.0

2
9

 
0

.8
6

4
 

0
.0

1
1

 
0

.9
1

6
 

0
.0

3
6

 
0

.8
4

9
 

0
.4

2
7

 
0

.5
1

3
 

0
.8

5
5

 
0

.3
5

5
 

2 2
L

B
 

1
1

.6
6

4
**

* 
0

.0
0

3
 

0
.0

3
8

 
0

.9
8

1
 

0
.0

3
7

 
0

.9
8

1
 

1
.8

4
2

 
0

.3
9

8
 

0
.9

4
8

 
0

.6
2

3
 

2 3
L

B
 

1
2

.7
1

9
**

* 
0

.0
0

5
 

0
.0

9
1

 
0

.9
9

3
 

0
.0

5
9

 
0

.9
9

6
 

2
.0

8
5

 
0

.5
5

5
 

1
.3

1
1

 
0

.7
2

7
 

2 5
L

B
 

1
3

.1
1

0
**

 
0

.0
2

2
 

0
.2

4
2

 
0

.9
9

9
 

0
.1

1
6

 
0

.9
9

9
 

3
.9

8
0

 
0

.5
5

2
 

3
.4

1
2

 
0

.6
3

7
 

2 1
0

L
B

 
1

3
.6

4
6

 
0

.1
9

0
 

0
.8

2
4

 
1

.0
0

0
 

0
.9

9
7

 
1

.0
0

0
 

6
.5

0
8

 
0

.7
7

1
 

6
.3

5
5

 
0

.7
8

5
 

N
o

te
s:

 T
h

e 
ta

b
le

 r
ep

o
rt

s 
es

ti
m

at
es

 f
o

r 
th

e 
p

ar
am

et
er

s 
a

n
d

 s
ta

n
d

ar
d

 e
rr

o
rs

 f
ro

m
 E

q
s.

 (
1

) 
to

 (
6

).
 

2 i
L

B
 d

en
o

te
s 

th
e 

L
ju

n
g

-B
o

x 
Q

-s
ta

ti
st

ic
s 

fo
r 

se
ri

al
 c

o
rr

el
at

io
n

 o
f 

th
e 

sq
u

ar
ed

 

st
an

d
ar

d
iz

ed
 r

es
id

u
al

s 
u

p
 t

o
 i 

la
gs

. *
, *

*,
 *

**
 d

en
o

te
 s

ta
ti

st
ic

al
 s

ig
n

if
ic

an
ce

 a
t 

th
e 

1
0

%
, 5

%
 a

n
d

 1
%

 le
v

el
, r

es
p

ec
ti

v
el

y
. 



21

Figure 1: Daily returns, regime-1 probabilities and conditional variance (CAC40)
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Figure 2: Daily returns, regime-1 probabilities and conditional variance (DAX30)
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Figure 3: Daily returns, regime-1 probabilities and conditional variance (NIKKEI225)
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Figure 4: Daily returns, regime-1 probabilities and conditional variance (FTSE100)
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Figure 5: Daily returns, regime-1 probabilities and conditional variance (S&P500)

 

 

-0.1

-0.05

0

0.05

0.1

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

Daily returns 

0

0.2

0.4

0.6

0.8

1

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

Regime-1 probabilities 

Ex-ante probabilities Smoothed probabilities

0

5

10

15

20

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

Conditional variance 


	Titelblatt Diesteldorf WP 35
	Working Paper Diesteldorf 35

