Clustering and dependence in extreme market returns

Rama CONT Ecole Polytechnique Fédérale de Lausanne IPT-EPFL, CH-1015 Lausanne, Switzerland. Fax: 41 21 693 54 19 E-mail: Rama.Cont@epfl.ch

5 April 1998 1 Abstract

Several recent studies have applied concepts from extreme value theory to stock returns and foreign exchange rates. However these studies assume that stock returns form an IID or weakly dependent sequence verifying a local condition which excludes “clustering” of extremes ( Leadbetter’s D^0 condition). This hypothesis is not realistic in the case of stock returns, which exhibit the well known phenomenon of “volatility clustering”. After reviewing of the various approaches used to estimate tail behavior of market returns and comparing their results, we propose to extend these studies to take into account the dependence using the concept of the extremal index of a stochastic process.

We discuss the notion of extremal index both from a probabilistic and a statistical point of view, discuss its interpretation in financial terms and its relation to the phenomenon of volatility clustering in financial time series.

1The author thanks Stuart Coles for helpful discussions and for providing some of the S+ programs used in this work.

These concepts are applied to several data sets of stock, index and futures prices, both at daily and intraday frequencies. We propose an empirical method for detecting to what extent a non-trivial value of the extremal index is related to dependence in the time series under study.The results are compared with Monte Carlo simulations of ARCH processes for which the extremal index can be calculated theoretically.

Finally, we discuss implications for Value-at-Risk modeling. We show how the methods previously considered for calculating Value-at- Risk using extreme value techniques should be modified in order to account for the dependence in market returns and propose a simple method for doing so.

Keywords: extreme value theory, risk management, heavy tails, conditional heteroskedasticity, volatility, Value-at-Risk.

References

[1] Coles, S. & Tawn, J.A. (1991) “Modeling extreme multivariate events” Journal of the Royal Statistical Society , B 53 , 377-392.

[2] Dacorogna, M.M., U.A. Müller, O.V. Pictet & C.G. de Vries (1995) “The distribution of extremal foreign exchange rate returns in large data sets”, Olsen & Associates Research Institute.

[3] Danielsson, J. & de Vries, C.G. (1996) “Tail index and quantile estimation with very high frequency data”, Preprint.

[4] Danielsson, J. & de Vries, C.G. (1997) “Value-at-Risk and Extreme Returns”, Working Paper.

[5] Falk M., J. Hüsler & R.D. Reiss (1994) Laws of small numbers: extremes and rare events, DMV Seminar Band 23, Basel: Birkhaüser.

[6] Galambos, J. (1978) The asymptotic theory of extreme order statistics, Wiley.

[7] de Haan, L. & Peng, L. (1998) “Comparison of tail index estimators”, Statistica Neerlandica. To appear.

[8] Jansen, D.W. & de Vries, C.G. (1991) “On the frequency of large stock returns: putting booms and busts into perspective”, Review of Economics and Statistics, 73, 18-24.

[9] Leadbetter, M.R., G. Lindgren & H. Rootzen (1983) Extremes and related properties of random sequences, Springer Series in Statistics, New York: Springer.

[10] Leadbetter, M.R. (1983) “Extremes and local dependence in stationary sequences”, Zeitschrift für Wahrscheinlichkeitstheorie une Verwandte Gebiete, 65, 291-306.

[11] Longin, F. (1996) “The asymptotic distribution of extreme stock market returns”, Journal of Business, 63, 383-408.

[12] Longin, F. (1997) “From Value-at-Risk to stress testing: the extreme value approach”, ESSEC Working Paper.

[13] Lux, T. (1997) “The limiting extremal behavior of speculative returns:

an analysis of intradaily data from the Frankfurt Stock exchange”, Working Paper, Univ. of Bonn.

[14] O’Brien, G.L. (1987) “Extreme values for stationary and Markov sequences”, Annals of Probability, 15 (1), 281-291.

[15] Pagan, A. (1996) “The econometrics of financial markets”, Journal of Empirical Finance, 3, 15-102.

[16] Resnick, S. & Starica, C. (1995) “On the consistency of Hill’s estimator for dependent data” Journal of Applied Probability, 32, 139-167.

[17] Smith, R. & Weissman, I. (1994) “Estimating the extremal index”, Journal of the Royal Statistical Society, B 56, 515-528.

[18] Smith, R. (1988) “A counterexample concerning the extremal index” Advances in Applied Probability, 20 (3), 681–683.