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ABSTRACT
This paper evaluates the forecasting performance of a range of volatility models in Value-at-Risk estimation in the
context of the Basle regulatory framework using stock index return data from a selection of emerging markets. It extends
the current research in these economies by including a range of GARCH models and their long memory extension, in
addition to some standard statistical methods often used by financial institutions. The results suggest that models with
long memory or asymmetric effects or both are important considerations in providing improved VaR (vector auto
regression) estimates that minimise occasions when the minimum capital requirement identified by the VaR process
would have fallen short of actual trading losses. In addition, the results highlight the relevance Basel regulatory
framework, and of using out-of-sample forecast evaluation methods for the identification of forecasting models that
provide accurate VaR estimates.

Introduction
Equity volatility can be defined as the variation observed in returns calculated over the relevant period of time
and volatility spillover as the persistence of volatility across international boundaries or over financial assets
in active operation simultaneously or in different periods of time. The present chapter concentrates on
transnational spillover of volatility and returns in equity markets. There are variety of reasons for the spillover
of volatility between international markets but all of them come together to the degree of integration between
the concerned economies and hence the markets that are referred to.
This trend towards integration of national economies got a boost after the collapse of the Brettonwoods and
the subsequent liberalization of international capital markets in a phased manner. This has led to enormous
amount of capital being moved across international boundaries. A major chunk of this is portfolio investment.
This has made equity markets interlinked on a scale never seen before and made them responsive to pulses in
any other market. Consequently, the benefits of diversification have begun to be questioned and volatility
studies have become an integral part of identification of risk as generated in a particular market as a result of
adverse foreign market movement. With this background, the present study has built a model of volatility
spillover connecting Japan, India and USA. This study is expected to throw light on the behavior of mean and
volatility spillover across these markets and identify the risk present in each of these markets that is being
generated in the other two. The selection of markets is based on the trend of past studies as well as on the
strategical importance of each of the markets. Nikkei and S&P 500 are two of the biggest markets in terms of
market capitalization and trading activity. They also operate on either side of the opening of the Indian market
thereby making it easy to capture the mutual impact. It will enable to establish transnational spillover of return
and volatility without any ambiguity.
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Review of Literature
The seminal works of Tobin (1958) and Markowitz (1959) showed that the efficiency of portfolios could be
optimized by combining assets based on the correlation in their return.
In a study centered on the abnormal crash of the US stock market in October 1989 and the subsequent ripple
effects around the world, King and Wadhwani (1989), examined a ‘rational expectations price equilibrium’
and a model of contagion between markets as an outcome of rational attempts to use imperfect information
about the events relevant to equity value. The result, as interpreted using simple variance across markets and
volatility coefficients of Tokyo, London and New York, supported the contagion hypothesis.
Eun and Shim (1989) used a Vector Auto Regression framework to analyze whether, equity movements in one
market can be explained by innovations in other markets and how rapidly information gets transmitted from
one market to the other.
An investigation exclusively focused on the transmission of stock return and volatility in the North American
market was conducted by Karolyi (1995). The study used conditional heteroscedasticity family models along
with Vector Auto Regression to assess the transmission mechanism of volatility for the US and Canadian
markets for the period from April 1981 to December 1989 using daily data of New York Stock Exchange
(NYSE) and Toronto Stock Exchange (TSE). The study found bivariate GARCH model. An extreme value –
Vector Auto Regression (VAR) model was used by Booth et al.(1997) in a study of the volatility transmission
among US, UK and Japanese markets.
Indian stock market volatility
Studies on the volatility spillover of Indian market have been far and few. In one of the earliest studies,
Sharma and Kenndy (1977) examined the price behavior of Indian market with US and London markets. The
objective of their study was to test the random walk hypothesis by runs analysis and spectral densities for
Bombay Variable Dividend Industrial Share Index (BVDISI), New York S&P 425 common stock Index (S&P
425) and the London Financial Times Actuaries 500 (London FTA). The test period covered 132 monthly
observations from 1963 to 1973. The study found that the behavior of BVDISI was statistically
indistinguishable from that of London FTA and S&P 425.
Based on these tests, the study observed that the stocks on the BVDISI obeyed a random walk and were
equivalent in this sense to the behavior of stock prices in more advanced industrial countries.
Hypotheses of the Study
Ho: The risk return premium does not have any effect on the voltility of the market.
Tools used
The study uses models like GARCH, EGARCH, Historical Simulation, EWMA used by NSE Nifty Junior,
Nikkei.
Data collection
Daily return is used in the study and the return was found out by taking the log of the difference of index
closing prices on successive days and ranges from January 1 2015 to July 2005. Since there are three markets
and all of them do not operate on the same day during the entire period, whenever a market was closed for
trading for a particular day the return for all the markets for that day have been removed and hence the final
number of observations is 2426 though the original number runs from 2547 for S&P 500 to 2642 for Nifty.
All the returns are measured in the local currency. Nifty is a free floating index consisting of a well balanced
portfolio of 50 common stocks.
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For Nikkei and S&P 500 the number of scripts is 225 and 500 respectively. Data for Nifty return was
collected from the official website of the National Stock Exchange of India and those for Nikkei and S&P 500
were collected from econstats.com.
Data Analysis
As a starting point of the discussion on the volatility spill over between Nikkei, Nifty and S&P 500, it would
be prudent to have a feeling of the movement of the indices over the study period. It would give a primary
idea about the response of each market to major market collapses overseas and also to sustained booms. The
markets have been indexed to a base of 5000 for easy comparison.
Table:1 Comparison of Nikkei, Nifty and S&P 500 performance is as follows

Nifty has the best average return while S&P 500 is seen to be the least risky market. The normality
assumption is rejected for all the three markets conclusively as the Jarque-Bera statistics is quite high. Only
Nifty among the three is negatively skewed while the other two has slightly longer right hand tails
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Table:2 Test of Stationarity

The result shown here is for the return series and all the three measures of stationarity confirm the stationary
properties of the return data. Notice here that while the ADF and PP tests have non stationarity as the null
hypothesis
Table:3 Correlation Matrix

The result shows that there is very little co-movement between the markets as the highest value is the
0.31 between Nikkei and S&P 500. Nifty seems not to be moving in tandem with Nikkei and S&P 500 as the
correlation coefficients are at a paltry 0.02 and 0.07 respectively.
Table: 4 Vector Auto Regression (VAR) Frameworks
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In this case also S&P 500 is seen to be having more influence in terms of the magnitude of its coefficient.
None of the coefficients in the equation for S&P 500 are significant at 5% level but the first lag of Nikkei
return is significant at 10% level. All these points to the dominant influence the US market is having on the
other two markets.
Table:5 Variance Decomposition Analysis

Volatility Spillover
Mean and volatility spillover has been studied using the AR (1) - GARCH (1, 1) model. The mean equation of
each of the domestic market has the return of the other two markets individually as explanatory variables and
the volatility equation has the residual from the volatility equation of the other two markets individually as
explanatory variables. Further, the return and residuals of the foreign markets have been combined in the
mean and volatility equation respectively of the domestic market to see if the addition of the second market
imparts any additional explanatory power in the equation of the domestic market.
Table:6 Basic model with Garch
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Nifty will be having the return and residuals of Nikkei as explanatory variable in the mean and variance
equations, S&P 500 will be having the return and residuals of Nifty as explanatory variables in its mean and
variance equations and Nikkei will be having the return and residuals of S&P 500 as explanatory variables in
its mean and volatility equations respectively
Table:7 Spillover Model for the Near Market with GARCH*

The result supports the hypothesis that a particular market is likely to be influenced by the return and volatility
of the market that closed just prior to the opening of the former. Model specification has improved for Nifty
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while it has worsened for S&P 500. Skewness and Kurtosis are at acceptable levels except for the Kurtosis of
Nifty which is again observed at a comparatively high 9.7257.
Table:8 Spillover model with Garch
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Table:9 EGARCH for Nifty with Normal Distribution
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Table: 9 Historical Simulations

Table: 10 Historical Simulations for Nifty Junior

Table: 11 Historical Simulations for Nikkei
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Table: 12 Exponentially Weighted Moving Average

Table: 13 Exponentially Moving Average for Nifty Junior

Table: 14 Exponentially Moving Averages for Nikkei

Findings and conclusions
The present study has attempted an investigation in to the volatility spillover among Nikkei, Nifty and S&P
500. The relation and the approximate influence of one market on the other was analyzed with the help of
VAR model and then the volatility spillover from an individual foreign market to the domestic market and
combined volatility spillover from the two foreign markets to the domestic market was also examined using
the GARCH model. In order to account for the asymmetry present in the markets a similar investigation was
made with the EGARCH model.
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Checking for volatility and spillover using the conditional volatility models, it was observed that
there was across the board spillover of mean among the three markets, whether they were taken in the
chronological order of functioning or as a group. The result did not change with EGARCH also. Most of the
times mean spillover effect from foreign market was seen to be as great as to shadow its own effect on its
mean through the autoregressive term. But there were significant findings in the volatility spillover study. It
was found that volatility of domestic market was influenced by the volatility of foreign market that closed
immediately prior to the opening of domestic market.
Taking the other two markets together, it was seen that while Nikkei and Nifty followed the same
pattern as in the individual models, differed from it in that the volatility of the market was not defined either
by volatility of Nifty or Nikkei while it was actively spilling volatility in to Nikkei. The significant conclusion
of the study is that the US market acts independently with respect to Nikkei and Nifty and is the most
important producer of information that affects the mean and volatility of the other two markets. Between the
other two markets, Nifty is observed to be less influential. It is seen to follow the other two markets.
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