
 

© 2015, IJARCSMS All Rights Reserved                                                                                                                        174 | P a g e  

ISSN: 232 7782 (Online) 1

Computer Science and Management Studies 



International Journal of Advance Research in 
Volume 3, Issue 1, January 2015 

Research Article / Survey Paper / Case Study 
Available online at: www.ijarcsms.com 

Modeling Heavy Tails in BSE Sensex 
Dhanu P1 
PhD (FT)  

Research Scholar 
Department of Management Studies and Research 

Karpagam University 
Coimbatore- India 

Ashok Kumar M2 
Research Supervisor 

Prof and Head Department of Management Studies and 
Research  

Karpagam University 
Coimbatore – India 

 
Abstract: Recent trends in stock market shows that large deviation that cannot be modeled using normal distribution. Large 

deviation means that models using normal distribution are unable to account the risk in the market. Stable distribution is 

highly flexible distribution that can model heavy tails and skewness. A stable distribution is defined by four parameters 

(α,β,γ,δ)  α index of stability, β skewness parameter, γ scale parameter δ location parameter γ and δ are equivalent to 

standard deviation and mean in normal distribution. Generalized Central Limit Theorem shows that if the finite variance 

assumption is dropped, the only possible resulting limits are stable distribution 
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I. INTRODUCTION 

High frequency trading uses computer algorithms to execute large number of orders at very fast speed time. As the name 

suggest the trading of securities happen at a very rapid pace that that is at the speed of mille seconds this reduction of time to 

execute the trade is achieved by fully automate computer programs that analyze the data and make split second decisions. In this 

scenario the human’s intervention is completely eliminated. The primary purpose is to increase liquidity in the market. But 

because all the algorithms use the same strategy at times they create temporary illiquidity that causes sharpe price changes in the 

market. The sudden and unexplained price changes in the market are known as Nora effect. 

Normal Distribution is used to model the price fluctuations in the stock market but the changes in the stock shows much 

higher standard deviation (up to 14 standard deviations). 1987 market crash, LTCM collapse. 2007 market crash each and every 

one shows that higher deviation as predicted by normal distribution is quite normal. And since once in every decade the 

financial models fail miserably. May 6 2010 flash crash is yet  another  instance that sudden price changes are the Nome and not 

the exception.This leads to the conclusion that research community should go beyond normal distribution and IID random 

variables to explain Nora effect 

Stable distributions are a general class of probability distributions that allow skewness and heavy tails and have many 

interesting mathematical properties. The class was found out by Paul Lévy in his study of sums of independent identically 

distributed terms in the 1920’s. There is no closed formulas for densities and distribution functions for all but a few stable 

distributions (Gaussian, Cauchy and Lévy, see Figure 1), has been a major drawback to the use of stable distributions by 

practitioners. There are now reliable computer programs to compute stable distribution functions, densities and quartiles. With 

these computer programs, it is possible to use stable models in a variety of practical problems. The name stable is that they 

retain their shape both scale and shift under addition. 

 
 

 

 

 

http://www.ijarcsms.com/
http://www.ijarcsms.com/


Dhanu P et al.,   ment Studies 
                5 pg. 174-181 

 © 2015, IJARCSMS All Rights Reserved                                                     ISSN: 2321‐7782 (Online)                                                175 | P a g e  

                                              International Journal of Advance Research in Computer Science and Manage
                                                                                                                           Volume 3, Issue 1, January 201

 
Figure 1: Graph of standardized Normal N(0,1), Cauchy(1,0) and Lévy(1,0)  densities. Source : J P Nolan 

Definition of stable Distribution 

An important property of normal or Gaussian random variables is that the sum of two of them is itself a normal random 

variable. One of the result is that if X is normal, then for X1 and X2 independent copies of X and any positive constants a and b 

1 2  

  

,

√

(1) 

For some positive c and some  . (The symbol means equality in distribution, i.e. both expressions have the same 

probability law.) In words, equation (1) says that the shape of X is preserved (up to scale and shift) under addition. 

Definition 1: A random variable X is stable or stable in the broad sense if for X1 and X2 are independent copies of X and 

any positive constants a and b, (1) holds for some positive c and some .The random variable is strictly stable or stable in 

the narrow sense if (1) holds with d = 0 for all choices of a and b. A random variable is symmetric stable if it is stable and 

symmetrically distributed around 0,  e.g. X     X. 

Normal or Gaussian distributions   if it has a density 

       ∞ ∞,                      

The cumulative distribution function, for which there is no closed form expression, is  

Cauchy distributions   ,  If it has density 

, Where probability that a standard normal random variable is less than or equal z. 

     ,    ∞ ∞ 

These are also called Lorentz distributions in physics. Cauchy distribution is stable with parameters a = 1, b = 0 and with 

give

 Lévy distributions X~ é ,  if it has density 

n degrees of freedom of a Cauchy distribution. 

     ,    ∞ 

L´evy distribution is stable with Parameters a = 1=2, b = 1. 
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Definition 2: Non-degenerate X is stable if and only if for all n > 1, there exist constants 

0  

/

exp . The f

1   0
0   0
1   0

 

   2 1 1 0

exp | | 1 2

  and  such that  , where ,…...   are independent, identical copies of X. X is 

strictly stable if and only if  = 0 for all n. 

The above definition means that scaling constant is described by the relationship   

The most concrete way to describe all possible stable distributions is through the characteristic function or Fourier 

transform. (For a random variable X with distribution function F(x), the characteristic function is defined by 

unction f (u) completely determines the distribution of X and has many useful 

mathematical properties, the sign function is used below, it is defined as 

Definition 3: A random variable X is stable if and only if     , where 0 , ,  ,   

and Z is a random variable with characteristic function 

1

exp | | 1
2

| | 1
 

(2) 

 

These distributions are symmetric around zero when b = 0 and b = 0, in which case the characteristic function of aZ has the 

simp

| |  

A Normal (μ,σ2) distribution is stable with (α =2, β =0, √2

ler form 

⁄  , b = μ), a Cauchy(γ ;δ) distribution is stable with (α = 1, 

β =  (α = ½, 

There is no closed formulas to describe a stable distribution but with the new software that can accurately generate them. A 

gene

e distribut

s skewed to

 w

d 

plifi

e multiple parameterizations for stable laws and much confusion has been caused 

0, a =γ, b =δ ) and a é ,  distribution is stable with β = 1;a =γ,         b =δ). 

ral stable distribution requires four parameters to describe: An index of stability or characteristic exponent0 2, a 

skewness parameter β between the range  1 β 1 If β =0 then the distribution is symmetric, if the β <0 then th ion 

is skewed towards left and if β >0 then it i wards right. A scale parameter γ can be any positive number  0 and a 

location parameter . We will use γ for the scale parameter and δ for the location parameter to avoid confusion ith the 

symbols σ which is use for standard deviation and μ for mean. The parameters are restricted to the range a 2 (0; 2], b 2 [-1; 1], 

γ > 0 and δ  R. Generally γ >0, although γ = 0 will sometimes be used to denote a degenerate distribution concentrated at 

d when it sim es the statement of a result. Since γ & β determine the shape of the distribution, they may be considered shape 

parameters. 

There ar

C P(X>c) 
 Normal Cauchy L´evy 
0 0.5000 0.5000 1.0000 
1 0.1587 0.2500 0.6827 
2 0.0228 0.1476 0.5205 
3 0:001347 0.1024 0.4363 
4 0:00003167 0.0780 0.3829 
5 0:0000002866 0.0628 0.3453 
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Definition 4: A random variable X is S(α,β,γ,δ:0) if  

    2tan 1
          1

 
(3) 

where Z = Z(a;b ) is given by (1 ). X has characteristic function  

2

.2

exp | | 1 tan sign | | 1 1

exp | | 1
2

log | | 1
 

(4) 

When the distribution is standardized, i.e. scale g = 1, and location d = 0, the symbol S(a,b;0) will be used as an 

abbrev

ariable X is S (a,b,g,d;1) if 

      

1
2

iation for S(a,b,1,0;0). 

Definition 5: A random v

1
 

(5) 

Where Z = Z(a;b ) is given by (1 ). X has characteristic function .2

exp  | | 1 tan
2

sign 1

exp | | 1
2

log | | 1
 

(6) 

When the distribution is standardized, i.e. scale γ = 1, and location δ = 0, the symbol S(α,β;1) will be used as an 

abbreviatio

 
Graph 2: β= -1, -0.5, 0 .5 and 1 – Source : Stable .exe 

 

 

 

n for S(,β,1,0;1). 
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Graph 3: α= 2(Normal distribution) – Source: Stable.exe 

 

Graph 4: α=0.5,0.75,1, 1.25 and 1.5 – Source Stable.exe 

Generalized Central Limit Theorem 

The classical Central Limit Theorem identical terms with a finite variance 

conv  more precise, let X1; X2; X3; : : : be independent identically distributed random 

variables with mean m and variance s 2. The classical Central Limit Theorem states that the sample mean Xn = (X1+ ….+Xn)/n 

will

√

 

says that the normalized sum of independent, 

erges to a normal distribution. To be

 have 

    1,0      ∞ 

To match the notation in what follows, this can be rewritten as 
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  1,0        ∞  

Where 1/      √ /  

at if the finite variance assumption is dropped, the only 

possible resulting limits are stable. 

lized Central Limit Theorem A generate random variable Z is α-stable for some 0< α 2 if and only if there 

is an independent, identically distributed sequence of random variables X , X , X , ..  and constants a 0, b  with 

 Z if and ists constants ,   

with 

bles that are in

main of attraction of Z. 

Parameter of stable distribution 

The after inputting the d g returns of BSE sensex from 1991 to 2014 the parameters are estimated using Zolotarev (M) 

para tion,  

Beta Gama Delta 

 Theorem 6: The Generalized Central Limit Theorem shows th

Genera  nonde

  …        

The following definition helps us to explain convergence of normalized sums. 

Definition 7: A random variable X is in the domain of attraction of only if there ex 0

 …       

Where , , , ..    are independent identically distributed copies of X. DA(Z) is the set of all random varia  

the do

aily lo

meteriza

Alpha 
1.5849 0.0675 0.1138 0.1291 

 

 

 

Alpha Beta Gama Delta 
2 0 1 0 

 

The above parameters are equivalent to normal distribution N (1,0) 
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II. INTERPRETATION 

The alpha value is 1.5849 which is clearly below that of normal distribution (value 2) but above that of Cauchy distribution 

(value 1). This means there is more deviation than normal distribution. This also means fat tails. Since alpha value is more than 

that of Cauchy distribution scale parameter (standard deviation) exists. 

III. CONCLUSION 

Stable distribution is n distribution th bution than other distribution.  By adjusting the 

para

 be flexible and stable distribution model can solve the 

problem of heavy tails that normal distribution fai  The out ome is that the risk model that uses stable distribution 

has higher deviation from average which means hig er risk tolerance. In models that use normal distribution large deviations are 

swe

vation to theoty. 
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at is more general form of distri

meters we can generate all distribution. One distribution instead of many distributions, this is one step in the direction of 

unification of science. Since it has more symmetry and elegance it is an elegant way of representing the randomness of nature. 

Since it is elegant and beautiful it must be right. A good model should

led to address. c

h  

pt under the carpet as outliners or anomalies but with stable distribution we can incorporate those observation in the model. 

Basel III norms has proposed higher capital requirements for banks, likewise the financial risk management companies that has 

exposure in different financial markets should hold more capital and reduce leverage.  

IV. SUGGESTION 

Firm trades in financial instruments uses traditional risk management tools which is based on normal distribution should 

migrate to stable distribution.  Social science researchers should consider stable distribution instead of normal distribution.  

Researchers should go from phenomenon to axiom not from axiom to phenomenon. What it mean is that we should create 

theories that fit the empherical observation and shoud not modify or fit empirical obser
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