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Stock Market Volatility: An International Comparison

Introduction

Volatility is an important phenomenon in markets in general and security markets in particular.
Modeling stock market volatility has been the subject of empirical and theoretical investigation
by both academicians and practitioners. As a concept, volatility is simple and intuitive. It
measures the variability or dispersion about a central tendency. In other words, it measures how
for the current price of an asset deviates from its average past values. The study of volatility
becomes more important due to the growing linkages of national markets in currency,
commodity and stock with rest of the world markets and existence of common players have

given volatility a new property- that of its speedy transmissibility across markets.

To many among the general public, the term volatility is simply synonymous with risk: in their
view high volatility is to be deplored, because it means that security values are not dependable
and the capital markets are not functioning as well as they should. Merton Miller (1991), the
winner of the 1990 Nobel Prize in Economics wrote in his book Financial Innovation and Stock
Market Volatility... “By volatility public seems to mean days when large market movements,
particularly down moves, occur. These precipitous market wide price drops cannot always
traced to a specific news event. Nor should this lack of smoking gun be seen as in any way
anomalous in market for assets like common stock whose value depends on subjective judgment
about cash flow and resale prices in highly uncertain future. The public takes a more

deterministic view of stock prices; if the market crashes, there must be a specific reason”.
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The issues of volatility and risk have become increasingly important in recent times to financial
practitioners, market participants, regulators and researchers. It is mainly due to the changes in
market microstructure in terms of introduction of new technology, new financial instruments like
derivatives and increased integration of national markets with rest of the world. Amongst the
main concerns, which are currently expressed include: has the world’s financial system become
more volatile in recent times? Has the financial deregulation innovation lead to an increase in
financial volatility or has it successfully permitted its redistribution away from the risk averse
operators to more risk neutral market participants? Is the current wave of financial innovation
leading to a complete set of financial markets, which will efficiently distribute risk? Has global
financial integration led to faster transmission of volatility and risk across national frontiers?
Can financial managers most efficiently manage risk under current circumstances? What role
regulators ought to play in the process? This paper would be useful in discussing some of these

issues.

Despite the clear mental image of it, and quasi- standardized status it holds in the finance
literature, there are some subtleties that make volatility challenging to analyze. Since volatility is
a standard measure of financial vulnerability it plays a key role in assessing the risk/return trade-
offs and forms an important input in asset allocation decisions. In segmented capital markets, a
country’s volatility is a critical input in the cost of capital (Bekaert and Harvey, 1995). Peters
(1996) noted that stock prices and returns are cyclical, imperfectly predictable in the short run,
and unpredictable in the long run and that they exhibit nonlinear, and possibly chaotic, behavior
related to time- varying positive feedback.

Asset return variability can be summarized by statistical distributions. Typically, the normal
distribution is used to characterize a series of returns. The distribution is centered at the mean
and its width is determined by the standard deviation. Return series may not be normally
distributed and often tends to exhibit excess kurtosis, so that extreme values are more likely than
the normal distribution would suggest. Such fat tailed distributions are common with financial
parameters. Skewness is also common, especially with equity returns, where big down moves are

typically more likely than comparable big up moves.

Time variation in market volatility can often be explained by macroeconomic and

microstructural factors (Schwert, 1989a, and b). Volatility in national markets is determined by
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world factors and part determined by local market effects, assuming that the national markets are
globally linked. It is also consistent that world factors could have an increased influence on
volatility with increased market integration. Bekaert and Harvey (1995) showed this using time
varying market integration parameter. Research also has shown that capital market liberalization
policies too, are likely to affect volatility. It would be of interest to policy makers that the

correlation between the two has been found to be positive in the case of some countries.

Nature of Stock Market Volatility in Emerging Markets

There are few studies which examined emerging equity market volatility. Bekaert and Harvey
(1995) examined the emerging equity market characteristics in relation to developed markets.
Emerging markets found to have four distinguishing features: average returns were higher,
correlations with developed markets returns were low, returns were more predictable and
volatility is higher. They argued that modeling volatility is difficult in emerging markets,
especially in segmented markets. In fully integrated markets volatility is strongly influenced by
world factors whereas in segmented markets it is strongly influenced by local factors. More open
economies had lower volatility and political risk to a large extent explained the cross sectional
variation in volatility. Finally, they found significant decline in volatility in emerging markets
following capital market liberalization. Bekaert et al. (1998) argued that emerging markets

returns are highly non- normally distributed and exhibit positive skewness in it.

Harvey (1995) found that serial correlation in emerging market returns are much higher than
observed in developed markets. He argued that lack of diversification and trading depths in

emerging markets are primarily responsible for such serial correlation pattern.

Aggarwal et al. (1999) examined the events that caused large shifts in volatility in emerging
markets. Both increases and decreases in the variance were identified first and then events
around the period when volatility shifts occurred were identified. They found the dominance of
local events in causing shifts in volatility. Volatility was high in emerging markets and shifts in
volatility are related to important country specific political, social, and economic events.
Mexican crisis, hyperinflation in Latin America, Marcos- Aquino conflict in Philippines and

stock market scandal in India were some of the local events that caused significant shifts in



volatility. Among global events, the October 1987 crash has caused significant volatility shifts
during the study period 1985- 1995.

Li et al. (2005) examined the relationship between expected stock return and volatility based on
parametric EGARCH- M model. They found a positive but insignificant relationship between
stock return and volatility. By using semi parametric specification of conditional variance, they
found a significant negative relationship between expected return and volatility in six out of 12

markets during January 1980 to December 2001.

Hammoudeh and Li (2008) examined the sudden changes in volatility in emerging markets i.e.
five Gulf area Arab stock markets. The study has identified large shifts in and found that most of
the Gulf Arab stock markets were more sensitive to global events compared to local or regional
events. This finding is in sharp contrast to the study of Aggarwal et al. (1999), which found

dominance of local events in causing large shifts in volatility.

Need for the Present Study

There are several reasons to take up this study now. First, perceptions vary about the dispersion
of Indian stock prices. Second, there is a need for a study on volatility in Indian stock markets
after 2000 to see whether changes in market microstructure have resulted in changes in volatility

pattern and facilitating international comparison of volatility.

Third, comparison of time series volatility of Indian equity market with other emerging and
developed markets, distributional characteristics of the variance process and evidence if any, of
asymmetries in volatility under different market conditions may shed interesting light on the
evolving characteristics of Indian equity market. The increased participation of institutional
investors, global economic crisis and its aftermath on world stock markets in general and India in
particular calls for a comparative study on volatility in emerging and developed stock markets

with special reference to India.

Fourth, at the level of investor, frequent and wide stock market variations cause uncertainty
about the value of an asset and affect the confidence of the investor. Risk averse investors may
shy away from market with frequent and sharp price movements. An understanding of volatility



over a period of time is important from the point of view of individual investors. Finally,
organizations entrusted with the job of regulating the market also need a clear idea regarding the
pattern of volatility for framing policies to protect the interest of investors. So an understanding
of the market volatility is thus important from the regulatory policy perspective as well.

Methodology

Earlier studies on volatility in emerging markets have shown that volatility pattern in emerging
markets is significantly different from developed markets. In this study an attempt is made to

examine return and volatility behavior across markets.

The study begins by analyzing the time series of volatility. Standard deviation is used as proxy
for variability of stock prices. As a first step, return is calculated using logarithmic method as

follows:

r.=In (I—t) D

It—1
where r; indicates return and I; indicates index value at time ‘t’.
Volatility

Volatility is estimated by using standard deviation. The formula is as follows:

o=(1/n=1) X(r—T7)? )
Equally Weighted Rolling Window Standard Deviation

Moving averages explain further about the changes in indices. For visual presentation 30 day

rolling window standard deviation is a better representation of volatility.

g=y{(1/n-1) (1 —T)? @)



Skewness

Stock returns may exhibit non normality. If the returns are normally distributed, then coefficients
of skewness and excess kurtosis should be equal to zero. Following formula is used for

estimating skewness in asset returns:

sk = (n*/(n—1)(n—2))(m3/s%) @)
where, n = sample size

mz = Third moment about the mean, and

s = standard deviation

Excess Kurtosis

Excess kurtosis is measured by following formula:
2
Ku = |/ (0~ 1)(n— 2)(n — 3| L0+ Dy = 3+ Dm)/s* ©)

where, n = sample size

m, = Fourth moment about the mean

m, = Second moment about the mean and
s = standard deviation

A comparison of normal distribution with a distribution exhibiting positive excess kurtosis
reveals following points. For example, if both distributions have same mean and variance, but
positive excess kurtosis distribution is more peaked and has fatter tails. It is very interesting to
note what happens when we move from a normal distribution to a distribution with positive
excess kurtosis. Probability mass is added to the central part of the distribution and added to the
tails of the distribution. At the same time, probability mass is taken from the regions of the
probability distribution that are intermediate between the tails and the centre. The effect of
excess kurtosis is therefore to increase the probability of very large moves and very small moves

in the value of the variable, while decreasing the probability of moderate moves.
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Autocorrelation

Autocorrelation measures the persistence or predictability in of market returns based on past
returns. Predictability is a sign of market inefficiency. This predictability could be driven by
market imperfections. The autocorrelation coefficient is a natural time series extension of the
well known correlation coefficient between two random variables. Given a stationary time series

r,, the K" order of autocorrelation coefficient denoted as p(k) and is estimated as follows:

Cov(ry,re+k)
k) = 6
p(k) JVar(ry)/Var(reix) .

The significance of the autocorrelation coefficient is tested up to five lags using Ljung- Box
(1978) Q- statistic.

LB Test = n(n+2) Y. [(np—_lz‘k)] (7)

where n=sample size
pr = autocorrelation of the order ‘k’

k takes the value of 1 to 5.

Nature and Source of Data

This study provides a detailed analysis of volatility in equity market indexes from developed and
emerging markets. Total 19 indexes have been included in this study, one index each from 17
countries and two indexes from India. The study period covers from January 2001 to July 2009.
The study has used International Organization of Securities Commission (I0SCO) classification
to categorize countries into emerging and developed markets. Exhibit 1 shows the name of the
countries and respective index covered in this study. First six countries are developed markets

and the rest belongs to emerging markets group.



EXHIBIT 1: NAME OF THE COUNTRIES AND RESPECTIVE INDEX.

Country Index

USA S&P 500

UK FTSE 100

France CAC 40

Germany DAX 30 Xetra

Australia All Ordinaries

Hong Kong, China Hang Seng

Singapore Straits Times

Malaysia Kuala Lumpur Composite
Thailand Stock Exchange of Thailand
China Shanghai Composite
Indonesia Jakarta Composite

Chile Chile Stock Market General
Brazil IBOV

Mexico MEXBOL

South Africa JALSH

Korea KOSPI

Taiwan TWSE

India BSE Sensex

India S&P CNX Nifty

Empirical Results

Empirical results are organized as follows: Tables 1 and 2 provide the daily mean return and
standard deviation for developed and emerging markets respectively for the entire study period.
Tables 3 and 4 present the higher order movements i.e. skewness and kurtosis for developed and
emerging markets respectively. Tables 5 and 6 show 30 day equally weighted rolling window
volatility behavior for developed and emerging markets respectively for the entire study period.



Daily returns and volatility pattern in developed countries is shown in table 1. For 2001 and 2002
daily average return is negative for all countries and volatility is relatively higher. In 2001 Hong
Kong recorded highest volatility of 1.64 percent and in 2002 Germany experienced highest
volatility of 2.45 percent. In both years all countries recorded volatility of above one percent.
During 2003 and 2004 all developed markets have recorded positive returns and relatively lesser
volatility. In 2005 France, Germany and UK experienced negative returns whereas rest of the
countries recorded positive returns. Volatility is lowest in this period since no country recorded
volatility of above one percent. During 2006 and 2007 all countries have positive returns and
volatility is higher in 2006 in relation to 2005. In 2007 developed countries have experienced
more volatility in comparison with 2006. In 2008 all countries experienced largest negative
returns and highest volatility in the entire study period. This is mainly due to the turmoil in the
financial sectors in developed markets. For 2009 up to July all markets have positive average
returns, Australia and Hong Kong account for highest returns with 0.36 and 0.37 respectively.
But standard deviation is still at a higher level for almost all countries but marginally lesser than
2008 level.

Table 2 shows the return and volatility patterns for emerging markets. Daily average returns are
negative for most of the countries in 2001 and 2002 with exception of Malaysia, Taiwan and
Korea in 2001, and Chile, Indonesia, South Africa and Taiwan in 2003. From 2003 to 2007 most
of the countries recorded positive returns. China in 2003, China and Thailand in 2004, China and
Malaysia in 2005, Malaysia and Korea 2006, and Mexico and South Africa in 2007 experienced
negative returns. In 2008 all countries recorded negative returns which are expected due to the
global financial crisis. China and India have recorded highest negative returns in 2008. As far as
volatility is concerned Brazil recorded highest volatility followed by Korea and Indonesia
whereas Chile recorded least volatility followed by Malaysia. Countries like China, India,
Thailand, and Singapore fall in between. All countries have recorded very high volatility in
2008. In 2009 up to July, all countries experienced positive returns but volatility is still at higher

level. But for most countries volatility is marginally lesser than that of 2008 levels.

A close look at the average return and volatility between developed and emerging markets
reveals that emerging markets have shown higher returns of both sign and higher volatility in

comparison with developed markets. As far as India is concerned, except for 2001 and 2002, it



has shown positive returns till the end of 2007. Volatility is higher than developed markets but
relatively lesser than some of the emerging markets. But India’s volatility is not least in the
group of emerging markets. A close look at the return and volatility pattern of 2008 and up to
July 2009 shows that all markets have performed better in 2009 than 2008. But volatility is still

at a higher level in comparison with pre 2008 level of standard deviation.

Table 3 shows the skewness and kurtosis statistics for developed markets. Skewness is mostly
positive in case of developed markets. But 2008 is an exception since all countries in this
category reported negative skewness. Countries like France and Germany have shown more
positive skewness whereas Hong Kong has shown negative skewness during the study period.
Most of the countries have shown negative kurtosis with exception of 2008 in which all countries
reported positive kurtosis which is highest in the entire study period. This shows that volatility is
due to infrequent large fluctuations than modest sized continuous fluctuations. As shown in table
4, emerging markets have experienced both positive and negative skewness. Prominently India,
Brazil, Indonesia, South Africa, Taiwan and Singapore reported mostly positive skewness. In
2008 only China and Singapore have shown positive skewness in emerging markets category.
Countries like China, Malaysia and Thailand have shown negative skewness during the study
period. Kurtosis is largely negative for almost all countries. Only in 2008 most of the countries
experienced positive kurtosis which is highest in the entire study period. In 2009 also skewness
has been largely positive and is lower than 2008 level. Comparatively 2009 has shown lesser

skewness and kurtosis.

Comparison of the asymmetries between developed and emerging markets shows that, emerging
markets have more asymmetries than developed markets as measured by skewness and kurtosis.
As far as India is concerned less asymmetry has been found for both indices. One common
feature shown by both developed and emerging markets is regarding the increase in asymmetry

in 2008 which could be attributed to global financial crisis.

Tables 5 and 6 presents 30 day equally weighted rolling window volatility behavior for
developed and emerging markets. This gives better picture in comparison with average standard
deviation since it gives minimum and maximum volatility recorded in a particular year. In this
category also emerging markets show different pattern in comparison with developed markets.

Difference between minimum and maximum volatility is highest in case of emerging markets
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than developed markets. Year 2008 has recorded highest difference between maximum and
minimum volatility for both emerging and developed markets. In 2009 developed as well as
emerging markets have shown an increase in minimum volatility and a substantial decline in
maximum volatility. Charts 1 and 2 show the 30 day rolling window volatility behavior of
developed and emerging markets respectively. Chart 3 shows the same figures relating Sensex
and Nifty indices. Rolling window volatility charts give a better picture of volatility than yearly
standard deviation measures. Charts 4 to 6 show the 30 day rolling window volatility behavior
from January 2008 to July 2009 for above mentioned three categories. This shows that markets

are moving together i.e. similar volatility pattern is experienced in most of the countries.

An attempt is made to probe further in to the details of return pattern over the years. Tables 7 and
8 show the autocorrelation pattern in the daily returns of SENSEX and NIFTY indices
respectively. The study has found significant autocorrelations up to 5 lags in 2001, 2004 and
2005 whereas it is insignificant in rest of the years. Almost similar pattern is observed in both the
markets. Even though autocorrelation is significant for few years, the size of the coefficient has

been very small in all cases.

Difference in the volatility pattern in opening and closing prices has been examined in this study.
Tables 9 and 10 show the results for SENSEX and NIFTY indices respectively. Volatility in the
opening returns is always higher than the closing returns for all years and for both indices. Open
to close volatility has declined significantly in the last two years. High- low volatility is at a
higher level in 2001, declined up to 2005 and increased in the later period. It is highest in 2008 in

case of both indices.

Conclusion

From the analysis of empirical results following broad conclusions emerge from this study. First,
developed and emerging markets show distinct pattern in return and volatility behavior. Both
daily returns and standard deviation are higher for emerging markets over developed markets.
This finding is in conformity with the observations made by Bekaert and Harvey (1995). Both
emerging and developed markets have recorded extreme values in returns and standard deviation

during financial meltdown. Second, asymmetry pattern as shown by skewness and kurtosis have
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been different for developed and emerging markets. This has undergone significant changes
during current global financial crisis and calls for more investigation in this respect. Third, in the
group of emerging markets India holds a reasonably good position. Since 2003 to 2007 positive
returns have been recorded with moderate volatility. At the same time asymmetries estimated by
skewness and kurtosis has been less for Indian indexes. Finally, current financial meltdown has a
significant impact on the statistical properties of financial time series. This demands further

investigation on the matter.
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TABLE 1: STOCK INDEX DAILY RETURN AVERAGE AND VOLATILITY (PERCENTAGE) FOR

DEVELOPED MARKETS

Country 2001 | 2002 2003 2004 | 2005 | 2006 | 2007 2008 2009
Mean -0.04 | -0.07 0.12 0.09 0.06 0.11 0.09 -0.49 0.36
Australia | SD 1.13 1.09 0.96 1.05 0.86 0.99 1.55 3.89 2.64
Mean -0.20 | -0.18 0.09 0.07 | -0.01 0.09 0.03 -0.35 0.07
France SD 1.48 2.16 1.34 1.01 0.79 1.08 1.20 3.42 2.81
Mean -0.20 | -0.20 0.15 0.05| -0.03 0.07 0.10 -0.32 0.11
Germany | SD 1.56 2.46 1.68 1.14 0.86 1.13 1.10 3.33 2.98
Mean -0.18 | -0.10 0.06 0.07 0.03 0.10 0.09 -0.39 0.37
Hongkong | SD 1.65 1.21 1.04 0.99 0.71 0.92 1.65 3.57 3.00
Mean -0.12 | -0.24 0.03 0.07 | -0.04 0.07 0.01 -0.41 0.11
UK SD 1.31 1.63 1.11 0.83 0.65 0.92 1.24 3.25 3.07
Mean -0.15| -0.14 0.09 0.06 0.00 0.03 0.01 -0.29 0.01
usS SD 1.27 1.72 1.09 0.72 0.63 0.64 1.02 2.75 2.62
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TABLE 2: STOCK INDEX DAILY RETURN AVERAGE AND VOLATILITY (PERCENTAGE) FOR

EMERGING MARKETS

Country 2001 2002 2003 2004 2005 2006 2007 2008 | 2009
Mean -0.14 | -0.18 0.23 0.18 0.08 0.03 0.09 -0.47 | 0.61

Brazil SD 2.61 294 2.04 2.26 1.98 2.12 2.35 585 | 3.90
Mean -0.03 -0.08 0.20 0.19 0.06 0.09 0.02 -0.27 | 0.48

Chile SD 0.83 0.89 0.85 0.96 0.78 0.82 1.17 2.76 1.83
Mean -0.10 0.04 -0.02 -0.08 -0.09 0.25 0.27 -0.59 | 0.63

China SD 1.13 1.59 1.15 1.36 1.41 1.33 2.32 3.37 | 2.15
India Mean -0.15 -0.03 0.17 0.08 0.09 0.20 0.06 -0.57 | 0.49
(Sensex) | SD 1.68 1.10 1.19 1.81 1.15 1.73 1.67 394 | 3.70
India Mean -0.12 -0.02 0.16 0.08 0.06 0.18 0.08 -0.56 | 0.46
(NIFTY) SD 1.59 1.07 1.26 1.96 1.19 1.78 1.72 3.87 | 3.65
Mean -0.12 0.13 0.13 0.13 0.10 0.15 0.03 -0.51 | 0.64

Indonesia | SD 2.27 1.64 1.31 1.71 1.38 1.79 1.78 4.09 | 3.28
Mean -0.05 -0.03 0.10 0.04 -0.02 0.11 0.11 -0.32 | 0.28

Malasia | SD 1.10 0.81 0.77 0.74 0.47 0.66 1.21 201 | 1.70
Mean 0.05 -0.04 0.14 0.15 0.13 0.09 -0.02 -0.29 | 0.23

Mexico | SD 1.63 1.65 1.03 1.08 1.14 1.70 1.61 401 | 3.42
South Mean -0.17 0.07 0.12 0.14 0.04 0.10| -0.03 -0.38 | 0.31
Africa SD 1.51 1.60 1.14 1.30 1.27 1.89 1.84 421 | 3.29
Mean 0.12 -0.08 0.07 0.11 0.00 0.01 0.05 -0.36 | 0.46

Taiwan | SD 2.02 1.71 1.30 1.51 0.95 1.19 1.36 297 | 3.02
Mean -0.03 0.07 0.34| -0.11 0.03 0.00 0.11 -0.39 | 0.35

Thailand | SD 1.62 1.39 1.32 1.63 1.00 1.88 1.59 292 | 212
Korea Mean 0.16 -0.04 0.02 0.14 0.12 0.00 0.12 -0.49 | 0.39
SD 2.17 2.05 1.64 1.64 1.17 1.38 1.68 5.04 | 3.43

Singapore | Mean -0.11 -0.10 0.04 0.10 0.06 0.11 0.01 -0.40 | 0.29
SD 1.42 1.23 1.24 0.95 0.70 0.94 1.55 3.09| 3.03
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TABLE 3:

HIGHER ORDER MOVEMENTS IN STOCK INDEX DAILY RETURNS FOR DEVELOPED

MARKETS

Country 2001 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 2009
Skewness -1.00 0.02 | 0.08 1.20 | -0.22 0.83 0.07 -1.39 0.03
Australia | Kurtosis 0.95 -0.69 | -1.11 0.52 | -0.93 -0.34 | -0.83 9.70 -0.09
Skewness 0.31| -0.18 | -0.01 1.07 | 0.13 0.44 | -031| -0.45 -0.08

France | Kurtosis -0.46 | -1.35| -0.57 0.51| -1.03| -0.71| -1.32 7.20 0.08
Skewness -0.05 -0.27 | -0.03 0.91| 0.49 0.75 -0.24 | -0.79 0.01
Germany | Kurtosis -0.38 | -1.38 | -0.77 0.09 | -0.60 | -0.24| -1.13 8.07 0.34
Skewness 0.13 0.04 | 0.48 0.01| 0.15 0.70 0.92 0.03 0.85
Hongkong | Kurtosis -0.54| -090| -1.14| -0.73| -1.47 | -0.66| -0.48 4.27 1.57
Skewness 0.38 | -0.05| 0.04 1.35| 0.26 0.42| -0.15| -0.14 0.02

UK Kurtosis -0.23 | -1.47 | -0.63 093 | -1.16 | -0.81| -0.63 5.67 -0.24
Skewness -0.17 0.16 | -0.38 0.79 | 0.18 0.90 0.00 -1.15 0.63

uUsS Kurtosis -0.29 -1.48 | -0.91 0.36 | -0.50 | -0.31 -0.92 4.37 1.50
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TABLE 4: HIGHER ORDER MOVEMENTS IN STOCK INDEX DAILY RETURNS FOR EMERGING

MARKETS
Country 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009
Skewness 0.34 0.23 0.35 0.27 0.56 0.38 0.30 -1.34 | 0.28
Brazil Kurtosis -041 -1.53 -0.83 0.03 -1.02 -0.58 -1.08 8.61| 0.73
Skewness -0.95 -0.03 0.38 0.84 0.09 1.13 -0.27 -2.60 | 0.34
Chile Kurtosis 0.49 -1.29 -1.20 -0.15 -1.55 0.23 -0.61 15.75 0.23
Skewness -0.49 -0.49 -0.42 0.34 -0.03 0.80 0.05 0.52 | 0.08
China Kurtosis -1.06 -0.82 -0.74 -1.33 -0.55 0.57 -1.28 2.92 1.09
India Skewness 0.47 0.16 0.67 0.19 0.33 0.50 0.76 -0.21 0.81
(Sensex) | Kurtosis -0.04 -0.77 -0.88 -0.87 -1.06 -0.86 -0.68 343 | 6.04
India Skewness 0.50 0.09 0.73 0.14 0.38 0.41 0.81 -0.63 | 0.97
(NIFTY) Kurtosis 0.06 -1.00 -0.77 -0.99 -0.89 -0.93 -0.60 459 | 6.91
Skewness 0.47 0.13 0.00 0.63 -0.38 0.60 0.33 -0.15 1.38
Indonesia | Kurtosis -0.58 | -1.05| -1.27| -0.07| -0.76 | -0.67| -1.06 8.21| 4.91
Skewness 0.06 -0.22 0.18 0.22 0.05 1.39 -0.43 0.05| 0.81
Malasia | Kurtosis -1.09 -0.88 -1.32 -1.00 -0.32 1.19 -0.71 6.00 | 2.49
Skewness 0.12 0.38 -0.33 1.25 0.58 0.81 -0.21 -1.42 | 0.63
Mexico Kurtosis -1.06 -1.35 -1.01 0.79 -0.64 -0.15 -0.87 9.78 | 2.09
South Skewness -0.48 0.51 0.65 1.26 0.65 0.50 0.17 -1.00 | 0.18
Africa Kurtosis -0.91 -0.48 -0.78 0.65 -0.65 -0.29 -0.76 7.09 | -0.47
Skewness -0.05 -0.19 0.03 0.29 -0.49 0.82 0.38 0.60 1.57
Taiwan Kurtosis -1.15 -1.01 -1.43 -0.74 -0.16 -0.36 -1.07 3.82 | 9.69
Skewness 0.11 -0.04 0.54 0.84 0.48 0.24 -0.08 0.22 | 0.28
Thailand | Kurtosis -0.50 -0.51 -0.96 0.03 -0.01 -0.36 -1.29 8.30 1.65
Korea Skewness 0.16 -0.05 -0.32 0.17 0.58 0.41 -0.15 0.77 | -0.11
Kurtosis 0.07 -0.77 -1.11 -0.74 -0.44 -0.81 -1.36 10.63 | 0.89
Singapore | Skewness 0.62 | -0.19 0.05 0.63 0.38 1.07 0.12| -0.08| 211
Kurtosis -0.21 -1.25 -1.39 -0.25 -0.60 0.23 -0.55 5.82 | 10.13
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TABLE 5: 30 DAY EQUALLY WEIGHTED ROLLING WINDOW VOLATILITY BEHAVIOUR FOR

DEVELOPED MARKETS

Country 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 2009
MIN(%) 0.88 0.73 0.69 0.81 0.66 | 0.70 0.80 1.07 1.96
Australia | MAX(%) 1.34 1.72 1.24 1.32 1.13| 1.33 2.53 9.34 3.47
MIN(%) 1.07 0.88 0.68 0.67 0.65 | 0.60 0.73 0.94 1.71
France MAX(%) 2.00 3.26 2.28 1.28 1.01| 1.72 1.77 7.57 4.04
MIN(%) 0.96 1.03 0.90 0.67 0.62 | 0.57 0.73 0.87 191
Germany | MAX(%) 2.28 3.73 2.78 1.52 1.14| 1.76 1.47 7.43 4.33
MIN(%) 1.14 0.92 0.72 0.73 0.54 | 0.54 0.84 1.32 2.10
Hongkong | MAX(%) | 2.12 1.68 1.37 1.50 0.88 | 1.30 2.67 6.59 5.30
MIN(%) 0.88 0.57 0.65 0.55 0.45| 0.52 0.55 0.99 1.87
UK MAX(%) 1.95 2.61 1.88 1.11 087 | 1.44 1.99 7.25 3.95
MIN(%) 0.94 0.86 0.66 0.54 047 | 0.36 0.40 1.06 1.34
usS MAX(%) 1.94 2.76 1.73 0.97 0.76 | 0.98 1.49 5.88 3.89
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TABLE 6: 30 DAY EQUALLY WEIGHTED ROLLING WINDOW VOLATILITY BEHAVIOUR FOR

EMERGING MARKETS

Country 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 2008 2009
MIN®%) | 1.78 | 155| 123| 148| 166| 134| 1.13 1.65 2.62
Brazil | MAX(%)| 3.48| 4.18| 285| 306| 237| 336| 332| 1464 6.72
MIN%) | 051] 059| 055 050 053] 054| 053 0.87 1.12
Chile |MAX®%)| 1.19] 123 118| 130| 117| 125| 1.46 7.15 2.57
MIN®%) | 052] 059| 052] 1.06| 085| 066]| 1.11 1.77 1.05
China |MAX(%)| 1.77| 244| 170| 187| 207]| 203| 318 5.22 3.15
India | MIN%) | 068| 081] 058 076 076| 074| 089 1.45 1.76
(Sensex) | MAX(%) | 2.78| 150| 1.70| 353| 151| 320 225 7.92 5.86
India | MIN(%) | 058| 074| o065| 079| 073] 074] 0.92 1.44 1.90
(NIFTY) | MAX(%)| 2.75| 1.47| 185| 390| 1.58| 337| 233 7.81 5.95
MIN®%) | 1.46| 106| 102] 082] 075| 080] 095 0.83 1.62
Indonesia | MAX(%) | 2.86| 2.07| 1.68| 297 243| 326| 3.02 9.51 5.80
MIN®%) | 053] 054| 046| 042| 027| 027] 068] 097 0.97
Malasia | MAX(%)| 1.67| 1.08| 095| 1.02]| 059| 098] 191 3.70 2.93
MIN%) | 1.10| 1.04| 072] o060 071| 088| 099 0.90 1.88
Mexico | MAX(%)| 2.23| 242| 155| 159 152| 300| 215| 1033 5.08
South | MIN(%) | 0.82] 098] 074 088 092| 1.01| 114 1.42 1.97
Africa | MAX(%)| 1.80| 227] 141 1.79| 148| 320| 284] 9.90 4.99
MIN%) | 1.40| 134| 095] 079 072| 066| 060 1.07 1.67
Taiwan | MAX(%) | 237 232| 173| 257| 127] 196] 216 5.27 5.71
MIN%) | 117 | 095| 081] 094] o061 062| 08| 051 1.10
Thailand | MAX(%) | 2.28| 1.83| 1.75]| 256 1.38| 359| 3.86 7.02 3.51
MIN%) | 1.45] 147] 100] 093] 090| 061| 067 1.20 1.77
Korea |MAX(%)| 2.83| 281| 252| 294| 163| 196| 280| 13.18 7.07
MIN%) | 075| 081] 093] 063] 050| 043]| 079 0.92 1.59
Singapore | MAX(%) | 1.92| 1.66| 1.58| 153| 091] 161| 234 6.83 5.52
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Table 7: Autocorrelations in Sensex Daily Returns

Year Lag 1 Lag 2 Lag 3 Lag 4 Lag 5
| 0.14 -0.09 -0.08 0.05 0.08
Q- Stat 4.95 6.92 8.38 8.89 10.58
2001 P- Value 0.03 0.03 0.04 0.06 0.06
] 0.01 0.01 0.01 0.13 -0.01
Q- Stat 0.01 0.02 0.06 4.44 4.47
2002 P- Value 0.92 0.99 1.00 0.35 0.49
] 0.10 0.05 0.04 0.02 -0.01
Q- Stat 2.36 2.99 3.42 3.54 3.56
2003 P- Value 0.12 0.23 0.33 0.47 0.61
| 0.02 -0.22 0.06 0.16 -0.07
Q- Stat 0.11 12.79 13.62 20.39 21.67
2004 P- Value 0.74 0.00 0.00 0.00 0.00
I 0.15 -0.09 0.06 0.07 -0.04
Q- Stat 5.40 7.64 8.53 9.94 10.29
2005 P- Value 0.02 0.02 0.04 0.04 0.07
I 0.06 -0.09 -0.09 0.07 0.07
Q- Stat 0.84 2.65 4.80 6.19 7.53
2006 P- Value 0.36 0.27 0.19 0.19 0.18
I 0.06 -0.04 0.05 -0.03 -0.08
Q- Stat 1.03 1.36 1.95 2.22 3.79
2007 P- Value 0.31 0.51 0.58 0.70 0.58
I 0.07 -0.13 -0.10 -0.02 0.14
2008 Q- Stat 0.72 3.44 5.31 5.41 8.75
P- Value 0.40 0.18 0.15 0.25 0.12
2009 I 0.03 -0.04 0.02 -0.10 0.03
Q- Stat 0.09 0.22 0.25 1.26 1.33
P- Value 0.76 0.89 0.97 0.87 0.93
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Table 8: Autocorrelations in Nifty Daily Returns.

year Lag 1 Lag 2 Lag 3 Lag 4 Lag 5
| 0.17 -0.13 -0.05 0.05 0.12
Q- Stat 7.39 11.93 12.56 13.13 17.00
2001 P- Value 0.01 0.00 0.01 0.01 0.00
] -0.03 -0.04 0.04 0.12 0.02
Q- Stat 0.19 0.58 1.06 4.90 4,98
2002 P- Value 0.67 0.75 0.79 0.30 0.42
] 0.16 0.01 0.06 0.02 0.00
Q- Stat 6.90 6.91 7.71 7.77 7.77
2003 P- Value 0.01 0.03 0.05 0.10 0.17
| 0.08 -0.24 0.05 0.13 -0.06
Q- Stat 1.47 16.88 17.48 21.82 22.76
2004 P- Value 0.23 0.00 0.00 0.00 0.00
I 0.15 -0.09 0.08 0.09 -0.06
Q- Stat 5.41 7.37 8.92 11.20 12.17
2005 P- Value 0.02 0.03 0.03 0.02 0.03
I 0.05 -0.05 -0.11 0.07 0.09
Q- Stat 0.67 1.34 4.59 5.78 7.97
2006 P- Value 0.41 0.51 0.21 0.22 0.16
I 0.05 -0.03 0.04 -0.05 -0.06
Q- Stat 0.62 0.82 1.28 1.87 2.80
2007 P- Value 0.43 0.66 0.73 0.76 0.73
I 0.06 -0.11 -0.09 -0.02 0.13
Q- Stat 0.56 2.81 4.25 4.32 7.43
2008 P- Value 0.45 0.25 0.24 0.36 0.19
2009 I 0.01 -0.03 0.02 -0.11 0.02
Q- Stat 0.00 0.07 0.11 1.25 1.29
P- Value 0.95 0.97 0.99 0.87 0.94
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Table 9: Volatility Difference in Opening and Closing Prices of SENSEX

Close to Close Open to Close High - low Open to Open
Year Volatility (%) Volatility (%) Volatility (%) Volatility(%)
2001 1.6846 0.5477 0.6591 2.5191
2002 1.1001 0.3444 0.4139 1.5164
2003 1.1866 0.3382 0.4346 1.5956
2004 1.8064 0.5140 0.6416 2.0630
2005 1.1487 0.3669 0.4359 1.3665
2006 1.7268 0.5714 0.6631 2.0821
2007 1.6731 0.0046 0.5515 2.3363
2008 2.4353 0.0064 0.7671 3.3324

Table 10: Volatility Difference in Opening and Closing Prices of NIFTY

Close to Close Open to Close High - low Open to Open
Year Volatility (%) Volatility (%) Volatility (%) Volatility (%)
2001 1.5876 0.5712 0.6671 2.2260
2002 1.0701 0.3678 0.4332 1.4030
2003 1.2576 0.4201 0.5034 1.6171
2004 1.9640 0.6117 0.7459 2.1921
2005 1.1871 0.4179 0.4849 1.4011
2006 1.7806 0.6406 0.7263 2.1799
2007 1.7247 0.0058 0.6640 2.2501
2008 2.3778 0.0078 0.9046 2.7832
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Chart 1

30 Day Rolling Window Volatility: Developed Markets (January 2001 to September 2008)
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Chart 2

30 Day Rolling Window Volatility: Emerging Markets (January 2001 to September 2008)
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Chart 3

30 Day Rolling Window Volatility: SENSEX and NIFTY (January 2001 to September 2008)
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Chart4

30 Day Rolling Window Volatility: Developed Markets (January 2008 to July 2009)
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Chart 5

30 Day Rolling Window Volatility: Emerging Markets (January 2008 to July 2009)
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Chart 6

30 Day Rolling Window Volatility: SENSEX and NIFTY (January 2008 to July 2009)
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