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Volatility Spillover in the Foreign Exchange Market: The Indian Experience
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Abstract

We find evidences of significant volatility co-movements and/ or spillover from different financial
markets to forex market for Indian economy. Among a large number of variables examined, volatility
spillovers from stock market, government securities market, overnight index swap, Ted spread and
international crude oil prices to the foreign exchange market are found to be most important. Empirical
findings also indicate that the volatility spillover differed across variables in terms of their influence
through shocks and in terms of lagged volatility (persistence) coefficients. There are evidences of
asymmetric reactions in the forex market volatility. Comparisons between pre-crisis and post-crisis
periods indicate that the reform measures and changes in financial markets microstructure during the
crisis period had significant impact on volatility spillover. During the post-crisis period, it is the past
volatility (persistent or fundamental) changes, rather than the temporary shocks, that had significant
spillover effect on forex volatility. There are evidences of decline in asymmetric response in the forex
market during the post-crisis period for the Indian economy.
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Volatility Spillover in the Foreign Exchange Market: The Indian Experience

Introduction

The exchange rate is a key financial variable that affects decisions made by foreign
exchange traders, businesses, financial institutions, professional investors, and policymakers.
Movements in exchange rate and its volatility have important implications for the economy’s
business cycle, trade and capital flows and are therefore crucial to understand financial

developments and changes in economic policy.

There exist a plethora of studies on the exchange rate modelling. The forecastability of
the exchange rate based on fundamentals has been debated in the economic literature and there
does not appear to be a consensus that the out-of-sample forecasts of a random work model can
be improved upon. While both theoretical and empirical research still explore possibilities to
improve standard macro fundamentals-based exchange rate models, to explain or predict the
exchange rate movement reliably (the mean equation), we concentrate on the second moment
(i.e. volatility) and aims to analyze the volatility spillover from across different financial markets
to the exchange rate market. Moreover, we use high frequency (daily) data and consider those
financial variables that are frequently referred while quoting the day-to-day rates by the traders
and market participants in the Emerging Markets (EMESs). In particular, our study concentrates
on a set of variables (equity prices, short and long run rates, term spread, Ted-spread, crude
prices and Dollar-index) that the traders in the forex desk closely monitor and immediately react
along with other long run macroeconomic variables.

The analysis of volatility and its spillover is particularly important at this juncture, as the
last decade (2000-2011) witnessed significant addition of sophisticated financial instruments and
participants in the EMEs. In the Indian context, consequent to a series of reform measures
initiated by the Reserve Bank of India (RBI) and Foreign Exchange Dealers Association of India
(FEDALI), there has been considerable improvement in financial market microstructure in the
recent years (RCF 2006). The exchange rate policy of the Reserve Bank of India in recent years
has been guided by the broad principles of careful monitoring and management of exchange rates

with flexibility, without a fixed target or a pre-announced target or a band. The exchange rate



(USDINR) is largely market determined, but the central bank intervenes in the market to smooth
excess volatility, to prevent disruptions to macroeconomic stability and/or to facilitate optimal

decision making of the market participants.

This study adds to the existing literature in several ways. To mention a few, the
use of high frequency financial markets’ data and Multivariate GARCH model is likely to shed
light on the short run exchange rate volatility dynamics for an emerging market. Second, in the
presence of a large spillover effect, a shock in one of the market could have a destabilizing
impact on the forex market. From the financial stability perspective it is important to understand
how the shocks propagate across the markets and how an unanticipated change in the volatility
of one financial variable, in turn, affects the conditional exchange rate volatility. Third, given
that one of the objectives of the Indian central bank is to smooth excess short run volatility in the
foreign exchange market, the results of this study could help in identifying the relative
importance of different markets in influencing the forex volatility; and finally, it also sheds light
on the plausible change in the abovementioned relationships before and after the global financial

crisis.

The rest of the paper is organised as follows: Section II briefs on the international
literature; Section III describes the data and methodology; Section IV devotes itself on the

empirical analysis & results; and Section V concludes the paper.
2. Literature

The financial market volatility has been extensively studied using ARCH-GARCH
framework pioneered by Engle (1982) and further developed by Bollerslev (1986), Nelson
(1991) and others. The first generation of research considers the univariate ARCH-GARCH
framework to model volatility clustering and pooling in different segments of financial markets
in isolation, rather than considering the spillover from other segments of the financial markets.
The second generation of models marked a departure from the large number of univariate
volatility model to a multivariate framework, which explicitly accounts for volatility spillover
between markets and assets. These studies generally used a multivariate-GARCH framework to
model the conditional variances and co-variances across financial markets. The most widely used

model in this class are VECH model (Bollerslev, Engle & Wooldridge (1990)) and the BEKK



model of Engle and Kroner (1995); these models differ in their assumptions and specifications of
the variance-covariance matrix, but they help in modelling time varying variance and covariance

estimates.

The financial literature postulates many possible reasons for such volatility spillovers
across markets. Ross (1989) notes that apart from the information contained in prices
themselves, volatility is also an important source of information in the financial markets. The
first channel of volatility spillover is because of the common factors / news that affect a set of
financial variables (Bollerslev.et.al (1992)) simultaneously. It states that if there are fundamental
linkages between the markets, variation in the common factors is likely to cause volatility
spillover across markets. The second channel operates through the information spillover caused
by the cross market hedging Ederington & Lee (1993).The contagion hypothesis notes that
agents who observe a price decline in one market becomes more risk averse and reduces their

position in the other markets and thereby creates an apparent spillover effect (Ebrahim 2000).

There have been several applications of the volatility spillover model in the literature. To
refer the most important ones, a large body of literature concentrated on the volatility spillover in
the stock markets. These studies considered (a) volatility spillover from one country / world
index to another (Brailsford (1996), Ng (2000)) (b) volatility spillover across indices (Kanes
(1998), Beirne (2010)) and (c) volatility spillover from one script to another script/index. A
second body of literature analyzed volatility spillover from spot to futures market and vice-versa.
For instance, Tse and Booth (1995) study the relationship between US Treasury bill and
Eurodollar futures, Tse (1999) studies the volatility spillover between DJIA spot and Futures
market, while Kuo, Hsu & Chiang (2008) study whether and how the opening of foreign
investment (FI) affects information transmission between futures and spot markets in terms of
volatility spillover. These studies generally found evidences of volatility spillover between
futures and spot markets. Furthermore, Kho.et.al (2008) results suggest that increased
participation of FI in emerging futures market may enhance the rate of information flows and

improve the quality and reliability of information transmission in local futures market.

Finally, there are several studies that analyze volatility spillover across different markets.
Ebrahim (2000) uses a tri-variate GARCH model to investigate information transmission

between foreign exchange and money markets in Canada and finds that there are significant
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spillovers in the conditional means and variances in foreign exchange and money markets
returns. Agren (2006) finds strong evidences of volatility spillover from oil (crude) prices to
stock markets in Japan, Norway, U.K. and USA. Chulia and Torro (2008) indicate existence of
bi-directional volatility spillover between Euro stock and bond futures markets. Kanas (2000)
results indicate that volatility of home stock return is a significant determinant of the volatility of
exchange rate changes for the USA, the UK and the Japan. Finally, Fedorova and Saleem (2008)
study concentrates on the volatility spillover between Emerging Eastern European countries
(Poland, Hungry, Russia and Czech Republic) and found evidence of direct linkage between the

equity markets and currency market.

In the context of Asian Emerging Markets, such volatility spillover studies have been
limited. In the Indian context, there have been a few studies that analyzed the role of volatility
spillover from the international stock market to the domestic market in the post liberalization
period (Apte (2003), Nath(2007)). In the context of domestic financial market inter-linkage and
volatility spillovers, Badrinath and Apte (2003) examined the inter-linkages between stock
market, money market and foreign exchange market and found evidences of volatility spillover
across these markets; their study is based on daily returns data for the period January 1993 to
December 2001. However, as the findings of Ghosh & Bhattacharya (2009) indicate, there has
been a sea change in the Indian financial market microstructure in general and money market in
particular since 2004, which has significantly changed the inter-linkages and behaviour in the
Indian financial market. In the volatility spillover context, another study by Mishra et. al. (2007)
used daily data up to 2003 analyze volatility spillover between stock market and foreign
exchange market in India. However, rather than using a multivariate GARCH framework,
Mishra et. al. estimate different order AR-GARCH to model volatility in different financial
markets. In the second stage, the authors test for volatility spillover in the co-integration
framework. Their results indicate that there exist a significant bi-directional volatility spillover
between the Indian stock market and the foreign exchange market, and suggest that there is a
long run relationship between two markets’ volatility and both the market move in tandem with
each other. Finally in a recent study, Behera (2011) investigated the onshore-offshore linkage of
the rupee using multivariate GARCH technique. It indicates that the Non-Deliverable-Forward

market (NDF) shocks and volatilities influence the onshore markets.



With this background, our study contributes to the literature in the two important ways:
first, it empirically evaluates the contribution of a large number of financial markets variables
(both domestic and international) to the exchange rate volatility in India, where the financial
market microstructure has undergone a sea change over the past decade; and second, it compares
the change in such volatility spillover in the pre-subprime crisis period to post subprime crisis
period for a country, which was not directly impacted by the crisis but underwent large decline in
the financial capital flows from its developed counterparts. Moreover, India also introduced large
number of financial instruments, reforms during the crisis period to strengthen its financial
markets. Our study sheds light on the changes in the spillover relationship as a result of the

reform measure introduced in the economy, especially in the post crisis period.

3. Data and Methodology

3.1 Data

The main data source for this study is Datastream (Reuters). Daily data for financial
markets variable from January 2003 to March 2012 have been used for this study. The financial
markets variables considered include the Rupee-Dollar exchange rate (EXRATE), the Bombay
Stock Exchange Index (BSE), the overnight money market rate (Call), ten years benchmark yield
(Gsec), the term spread (ten year Gsec yield minus one 364-day Tbill yield, SPD1)!, Ted Spread
(Ted spread, has been widely used as the indicator of underlying risk in the financial markets
especially in the post crisis period (e.g. ECB Annual report, Monthly reviews, and BIS
publications), in the Indian context it is defined as three-month MIBOR? and the three-month T-
bill interest rate; TEDSPD), one year OIS rate (OIS1Y) and three month Rupee-Dollar forward
premium (FWD3M). In the international context, the Dollar-Index (USDX)® and the

international crude oil prices (WTI per barrel) have been used to analyse their spillover effects

" In the Indian context term spread has been used as an indicator of monetary policy tightness, Prasad and Ghosh
(2005), Ghosh and Ghosh (2006).

> MIBOR, Mumbai Interbank offer Rate, Published by National Stock Exchange and FIMMDA.

3The US Dollar Index (USDX) is an index (or measure) of the value of the United States Dollar relative to a basket
of foreign currencies. It is a weighted geometric mean of the Dollar's value compared only with, Euro (EUR), 58.6%
weight, Japanese Yen (JPY) 12.6% weight, Pound Sterling (GBP), 11.9% weight, Canadian Dollar (CAD), 9.1%
weight, Swedish Krona (SEK), 4.2% weight and Swiss Franc (CHF) 3.6% weight. USDX goes up when the US
dollar gains "strength" (value) when compared to other currencies.



on Rupee-Dollar exchange rate. Figure 1 (Annex) indicates the time path of these variable and
Table — 1 reports the descriptive statistics. A common feature of these variables, as indicated in
the Figure-1, is abnormal movements during the period September 2008 for around a year, which
was mainly on account of the recent global financial crisis. Some of these variables also
indicated non-stationary behaviour. The stationarity test based on the Augmented Dickey-Fuller
methodology indicated presence of unit root in exchange rate, BSE index, Gsec, OIS rate and
WTI in their levels. The returns of these variables (or first difference for GSEC and OIS) are

therefore used for the volatility analysis (Figure 2).

Our analysis considered the pooled period (Jan 2003 to March 2012) and two sub
periods. For the entire period, a dummy variable (crisis_dum) is used in the volatility equation,
which took value one for the crisis-period and zero otherwise. The crisis period started from the
collapse of Lehman Brothers (Sep 15, 2008) and was considered still end October 2009, when
the Mid-term review of the Monetary Policy Statement (of the Reserve Bank of India) noted the
need to “exit” from the crisis period conventional and unconventional policies in a “calibrated
way”, and the ‘exit’ process started with the closure of some special liquidity support measures
that were announced during the crisis period. Thus the “pre crisis period” is considered from
January 2003 to September 15, 2008 and the “post crisis analysis” is considered from November

2009 to March 2012.
3.2 Methodology

As mentioned earlier, most of the volatility models that have been used in the empirical
literature are univariate in nature. The multivariate GARCH (MVGARCH) model makes a
departure from the univariate analysis and considers volatility co-movement / spillover between
markets (or assets). So MVGARCH explicitly models time varying covariance between two

markets. The mean equation for our study is specified as under:

Ri= pi + ui, (1i=1,2) and u; /1.1~ N(0,Hy)

Where uj; is the conditional error term, and H; represents the conditional variance at time ‘t’
The specification of the variance and covariance matrix in VECH model is given as follows:

VECH(H)=C+A*VECH(E,| E'v;)+B*VECH(H,)
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In this context VECH(H(t))=||h22t|| and the expanded VECH(E.; E'..1)= u2t—1
h12t ult—1*u2t—1

Where a;; measures the shock spillover and b;; measures the past volatility spillover.

So the conditional variance and conditional covariance depend on the lagged values of all
the conditional variance and covariance (between the two assets) as well as lagged square error
and error cross-products. Several different multivariate GARCH formulations are proposed,
which deals with the variance-covariance matrix differently (under different assumptions). For
instance, Bollerslev, Engles and Wooldridge (1988) proposed a model where ‘A’ and ‘B’

matrices are assumed to be diagonal (diagonal-VECH model), which is given by
hije=cijtajj i1 vje1+bj hyj e for j,i=1,2

Under assumption of conditional normality this system of equations can be estimated by
maximizing the likelihood function. However the Multivariate-GARCH estimation introduces
additional complexity and extra parameters as compared to its univaraiate counterpart. With the
increase in the number of variables (Markets or assets), the number of parameters and
consequently the estimation of such models become difficult. In view of the above our study uses
bi-variate MVGARCH model and use diagonal-VECH specification to estimate the same. We
compare the robustness of the result also by estimating the BEKK (Engle and Kroner (1995)
methodology”.

Finally, the literature has documented that volatility spillover between the financial
markets could be asymmetric and sited two main reasons for asymmetric volatility responses.
The first is based on the leverage effect hypothesis, which notes that a drop in the value of the
stock increased the leverage and therefore makes the stock more risky and consequently
increasing the volatility (Black 1976, Christie, 1982). The second one, commonly referred as the
volatility spillover hypotheses, suggest that the asymmetric volatility is a consequence of return

incorporating time varying risk premium. Though, the existence of asymmetry has been well

* For a detailed discussion on Multivariate GARCH, see Brooks (2008) and Bauwens (2006).
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documented the volatility models, the literature remains ambiguous about which of these two
effects dominates the asymmetric financial market volatility, To account for such asymmetric
response to a negative shocks, we use GJR model (also known as a variant of Threshold GARCH
or TGARCH), which is a simple extension of the above GARCH model. It include an additional
term Ii.;, which takes value one (if u;1<0, u;1<0; for j,i=1,2). In the presence of asymmetric
impact the GJR-coefficient of I.; takes a positive and significant value. The augmented

MVGARCH with diagonal VECH and GJR (or TGARCH) coefficient is as under:
hij=cijtaij™ui 1 Uj1tbi *hij 1 +di*ui 1 U 1 Tt e*Crisis_dummy

for j,i=1,2 and the GJR variable I;.; =1, if u; .1<0 and/or u; ;<0 (for j,i=1,2);

where crisis dummy takes the value 1 for the period Sep 15, 2008 to October 27, 2009.

The last term (e;; *Crisis_dummy) appears in the pooled estimation, where e;; coefficient

indicates the effect of crisis on the financial markets variable and the spillover coefficients.

4. Empirical Results

We first test for the presence of time varying volatility clustering for the select set of
variables (as indicated in section 3.1) pertaining to Indian financial markets. The LM-test for the
ARCH effect confirms that the selected set of variables exhibit volatility clustering. This is in
line with the finding of several studies for the developed financial markets (for a survey
Bollerslev, Chou, Kroner, 1992) and Indian financial market (Thenmozhi, 2002; Raju and
Karande, 2003, Bandivadekar and Ghosh, 2003, Apte (2003), Behra(2011)), which indicate
presence of volatility clustering in the Indian financial time series. Our select variables from
international financial markets (i.e. return on Dollarindex and return on crude) also indicate
presence of ARCH effect.

We thereafter evaluate volatility co-movements and/or volatility spillover to forex market
from each of the other segments of the domestic financial markets and international markets by
analyzing the volatility co-movements / spillover in bivariate-GARCH framework. In this model,
one of the variables is the daily returns from Rupee-Dollar exchange rates and the other variable
is each of different financial markets’ rates and/or returns. The result of each of the estimations is

reported in this Table 1A for the entire period (Jan 2003 to March 2012) under consideration.



These results confirm the volatility clustering and pooling (ARCH) effect as almost all of the
coefficients (4(i,j) and B(i,j)) in the variance equation are significantly different from zero at the
conventional levels. Furthermore, there are strong evidences of volatility co-movemetn as the
cross coefficient are found to be significantly different from zero. The coefficients a(7,2), that
measured the shock (uj.1) spillover are found to be statistically significant below 5 per cent level
for all the pairs except the returns on the Dollar-Index (USDX), which also reported the lowest
a(l,2) coefficient. The a(1,2) coefficient is maximum for the stock return (RBSE) followed by
the 3-month forward premium, and the Ted-Spread. On the other hand, the coefficients b(1,2),
which measure the volatility (h;i) spillover, are significantly different from zero (below 5
percent level) for all the variables. B(1,2), which measures the impact of past volatility, recorded
much larger coefficient value (as compared to the a(7,2)) and the Return on Dollar-index
(RUSDX) has the highest value. The RUSDX-coefficient is followed by coefficient of
differenced benchmark rate (DGSec), differenced one year OIS rate (DOIS)’ and the return on
crude oil prices (RWTI). These results (a) confirms the findings of few studies on India that
found evidences of volatility spillover in Indian finance markets in general (Apte (2003),
Behra(2011) and in forex market in particular (b) clearly indicates that past shocks and
conditional volatility in different segments of financial markets in India plays an important role
in influencing the forex volatility clustering in Indian financial markets and (c) indicates that
different variables have different impact in shock (uj) spillover and in past volatility (hij.1)
spillover, through which they affect the forex volatility. For instance while past volatility in
Dollar-index return and crude (WTI) return played an important role, it was forward premium
and Ted-spread, which influenced the shock spillover most. These findings shade light on the
variable that perturbs exchange rate volatility in the short run from those, which have more
persistent / enduring impact on the forex rate volatility.

Next, we turn to the coefficient of the dummy variable in the pooled regression. The
E(1,1) coefficient are generally positive and significant indicating the increased volatility during
the crisis period. The E(7,2) coefficients, on the other hand, are mostly found to be insignificant.

Some of the E(2,2) coefficients are found to be positive, while some of the £(2,2) coefficients

> For Gsec and OIS the first differences of these variables were used as they were found to be non-stationary for the
time period under consideration. However, in view of the relevance of the rate variables (Gsec and OIS1Y), we re-
estimated the model in the levels (Gsec and OIS1Y) rather than in their differenced form. The results in general
supporte the spillover of volatility as A(i,j) and B(i,j) coefficient are positive, significant and comparable in both
cases.
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are significant and negative (for instance, one year OIS, or the forward premium coefficients),
indicating marginal reduction in volatility through these route. All-in-all, the coefficients indicate
the change in the underline volatility dynamics during the crisis period and note the need for
more detail analysis of the changes in underlined dynamics during the pre-crisis and post-crisis
period®.

Finally, though the Diagonal-VEC estimates the impact of lagged cross error term (uj.1)
and past volatility (h;jj;.1) on the present cross volatility and the coefficients A(i,j) and B(i,j) have
been referred in the literature (Brooks (2008)) as the volatility spillover, it remains silent on the
causal relation and the direction of volatility spillover. To shed light on this issue, we followed a
two step process, where in the first stage we estimate uni-variate GARCH (1,1) and conditional
volatility for each of the markets; and in the second stage we test for the existence of causal
relationship among these conditional variances using Granger causality test. The optimal lag
length for the test is found to be 4 using AIC Criterion. However, the F-Statistics obtained with
the lag length 3 and 5 also confirm the results. The Granger causality test results indicate
presence of unidirectional causal relation from BSE (returns) volatility, Dollarindex (returns)
volatility, WIT crude (returns) volatility and OIS volatility to Forex Volatility. Moreover, bi-
directional causal relation between GSEC rate volatility and Forex return Volatility, TEDSPD
volatility and Forex return Volatility and between Spread volatility and forex return volatility
were found to be statistically significant. These results support and strengthen the finding of the
Multivariate GARCH results obtained above.

4.1 Volatility Spillover from Financial Market to Forex Market during the pre-crisis and post-
crisis periods:

The financial landscape has changed significantly after the collapse of Lehman Brothers
in September 2008. An important lesson learnt, in the post-September 2008, is that irrespective
of the degree of globalisation of a country and the soundness of its domestic policies, a financial
crisis could spread to every economy (Mohanty 2009). Though the sub-prime crisis didn’t impact
the financial markets in India directly, the crisis affected the financial markets through

withdrawals of foreign equity investment in India and put pressure on the dollar liquidity in the

¢ In an alternative specification we have also estimated the above pooled model after introducing the ‘crisis dummy’
in the mean equation. In the mean equation the coefficients of the crisis dummy were found to have the expected
signs and were significant for call rate, spread, Ted Spread and forward rate. The estimated results of the GARCH
specification had significant A(i,j) and B(i,j) coefficients and strongly supports observation relating to volatility as
reported in the above paragraphs.
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domestic foreign exchange market. Policy makers in India reacted with both conventional and
unconventional monetary policy measures, and also with long term measures like introduction of
several new financial instruments, more emphasis on financial stability in the policy stance. In
the post crisis period, some of the new financial instruments introduced in Indian financial
markets include, currency derivatives (in US Dollar) in August 2008, interest rate futures in
August 2009, currency futures in Yen, Euro and GBP in January 2010 and Marginal Standing
Facility (MSF)’as a new operational tool for monetary policy in May 2011. The sub-prime crisis,
on the other hand, also brought to fore the resilience of Indian financial system, well capitalized
banking system, renewed investors’ confidence, which resulted in quick recovery of the Indian
economy from the crisis.

To understand the impact of the sub-prime crisis, the new instrument and their impact on
volatility spillover relation between the foreign exchange market and other financial variables,
we re-estimate the same set of MVGARCH models for the pre-crisis period (Jan 2003 to
September 15, 2008) and the post-crisis period (October 2009 to March 31, 2012) and the re-
estimated coefficients are reported in the Table 2A and Table 3A respectively.

The above tables indicate the presence of ARCH-effect for both the periods; most of the
coefficients in the volatility equation are significant during the pre-crisis and the post-crisis
periods. In particular, the coefficient a(7,2) and b(1,2) are all significant at one per cent level in
the pre-crisis period. The magnitude and significance of the cross coefficient indicate that the
stock market return (RBSE) has important influence on forex volatility spillover, and influence
the latter through both the shocks (u;) and the past volatility (h;..1) routes during the pre-crisis
period. These findings are in line with Kanas (2002) and Fedorova & Saleem (2008), where the
authors emphasise the role of home stock market volatility in influencing the exchange rate
volatility. Among the other factors that had high coefficient values are differenced-benchmark-
yield-volatility, the Ted-spread-volatility and the differenced-one-year-OIS rate volatility.

In the post-crisis period, the presence of the ARCH effect were confirmed by the
significance of a(i,i) and b(j,j). However, among the cross terms b(i,j), the changes in Gsec rate
(DGsec), the changes in one-year OIS rate (DOIS), the stock exchange return and the

international crude price return reported high coefficient values.

"Banks can borrow overnight from the MSF up to one per cent of their respective net demand and time liabilities or
NDTL. The rate of interest on amounts accessed from this facility will be 100 basis points above the repo rate.
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One important finding is that most of the a(ij) coefficients, which are found to be
statistically significant during the per-crisis period, are found to be statistically insignificant
during the post-crisis period (with an exception of the stock return term, which is found to be
statistically significant in both the periods). The Table-1 presents the estimate of the MVGARCH
model coefficient for the pre-crisis period and post-crisis periods. The coefficients reported in
Table-1 support the findings of the Antoniou and Holmes (1995) and Bologna and Cavallo
(2002) study. It shows that in the GARCH variance-equation, the a(i,j) components have mostly
become statically insignificant, whereas most of the b(i,j) components estimates are significant at
five per cent level®. Both Antoniou and Holmes (1995) and Bologna and Cavallo’s (2002)
studies have referred a(i,j) as the effect of ‘recent news’ and b(.i,j) capturing the effect of ‘old
news’, persistence of a shock, or more fundamental changes. Thus, the result reported in Table-1
indicate that the post crisis period have actually increased the spillover impact of “old” or
persistent news and at the same time reduced the uncertainty originating from the sudden and
temporary shocks. This could be an indication of the deepening / maturing of the Indian financial
market, which could have been the result of financial market related policies, introduction of new

instruments or both.

¢ It may be mentioned here that the a(i,j) are the coefficient of square of the error term and the b(i,j) that represents
the coefficient of the lagged variance term in the MVGARCH covariance equation.
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Table 1: Spillover Effects

Pre- Post-crisis Pooled Pre- Post-
Crisis Data Crisis crisis
A1(1,2) A1(1,2) A1(1,2) B1(1,2) B1(1,2) B1(1,2)
RBSE 0.0821  0.1012 0.0430 0.8983 0.8443 0.8910
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
CALL 0.0457  0.0772 0.0329 0.8237 0.6021 0.8387
(0.00) (0.04) (0.28) (0.00) (0.00) (0.00)
DGSEC 0.0220  0.0191 0.0191 0.9622 0.9552 0.9239
(0.00) (0.11) (0.19) (0.00) (0.00) (0.00)
SPD1 0.0497  0.0777 0.0305 0.7289 0.6794 0.8551
(0.02) (0.04) (0.35) (0.00) (0.00) (0.00)
TEDSPD 0.0549  0.0661 -0.0014 0.7043 0.7302 -0.0153
(0.02) (0.04) (0.98) (0.00) (0.00) (0.98)
DOIS1Y 0.0335  0.0395 0.0185 0.9271 0.7876 0.9130
(0.00) (0.16) (0.38) (0.00) (0.00) (0.00)
FWD3M 0.0622  0.1267 0.0502 0.3430 0.4376 0.0387
(0.03) (0.01) (0.37) (0.00) (0.02) (0.93)
RUSDX 0.0094  0.0533 0.0533 0.9783 0.6887 0.6887
(0.08) (0.36) (0.36) (0.00) (0.05) (0.05)
RWTI 0.0436  -0.0155 0.0180 0.9078 0.8046 0.8960
(0.00) (0.50) (0.31) (0.00) (0.00) (0.00)

Note: Rupee-Dollar exchange rate (EXRATE/INRUSD), the Bombay Stock Exchange Index (BSE), the overnight
money market rate (Call), ten years benchmark yield (Gsec), the term spread (ten year Gsec yield minus one 364-
day Thill yield, SPD1), Ted-Spread (difference between three-month MIBOR and the three-month T-bill interest
rate, TED), one year OIS rate (OIS1Y) and three month Rupee-Dollar forward premium (FWD3M). Dollar-Index
(USDX) and the international crude oil prices (WTI per barrel). The US Dollar Index (USDX) is an index (or
measure) of the value of the United States dollar relative to a basket of foreign currencies.

P-values of the coefficients are reported in the parenthesis.

Finally, we consider the Threshold-GARCH coefficient or the D(i,j) coefficient. The
Table for pooled (2A), pre-crisis (3A) and the post-crisis (4A) indicates that the D(7,2) and
D(2,2) coefficients are not generally statistically significant. However, most of the D(1,1)
coefficients are significant during the pooled and pre-crisis periods. The D(1,1) coefficients
generally represent the asymmetric impact of volatility in the foreign exchange return equation.
In the Indian context (the direct exchange rate’) a positive return indicates the relative rupee

depreciation and the error term in the mean equation took negative value when such rupee

? It involves quoting in fixed units of foreign currency against variable amounts of the domestic currency.
For instance $1=INR 53.40 is a direct quote for USDINR exchange rate.
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depreciation was lower than the average depreciation during the period under consideration. The
negative D(1,1) coefficient therefore indicated that volatility increased with higher depreciation
of rupee as compared to below average depreciation. However, this asymmetric response seemed
to have faded out in the post crisis period as most of the D(1,1) coefficients were found to be
statistically insignificant during Nov 2009 to March 2012. This result could indicate better
informed responses by the market, which has reduced the asymmetry in the Indian foreign

exchange market.

4.2 Robustness test

To test how the model-fits the data, we test the residual for autocorrelation using
residual Portmanteau Test for autocorrelation (with both ordinary and standardized residuals) up
to 12 lags, and the Null Hypothesis ‘no residual autocorrelation up to lag h’ could not be rejected
for most of the lags in the pre-crisis and post-crisis periods.

Given the large number of daily observations, the error distribution was assumed
to be multivariate normal, while estimating the coefficients of the MVGARCH equations. To test
the robustness of the above results, we re-estimated the MVGARCH model assuming
multivariate Student’s t error distribution. The estimation results were consistent with those
obtained (and reported) with the multivariate Normal distribution.

Finally, one of the criticisms with the VECH-model is that the resulting ‘A’ and
‘B’ matrix may not be positive semi-definite (PSD). To address this criticism, we re-estimated
the model using BEKK methodology and the covariance path (chart) for the pair of variables
indicated time varying plot, confirming the spillover of volatility from other financial markets to

the forex market.

5. Conclusions

The exchange rate volatility has been a major policy variable because a key macro-
variable like the exchange rate affects optimal decision making of the economic agents in the
real and financial sectors. Central banks (like Reserve Bank of India) attempt to curb excessive
volatility and restore orderly conditions to ensure that exchange rate volatility does not impair on
the macro-economic stability. Given such an important role for exchange rate volatility, our

study attempts to evaluate the volatility co-movements and/or spillovers from other financial
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market segments to forex market and analyze any possible change in the relationship over the

past decade.

Using daily data, we analyze a large number of financial markets variables from January
2003 to March 2012 in a multivariate GARCH framework and find evidences that volatility
actually spilled over from stock market, govt. securities (Gsec) market, forward market,
derivative market (OIS) and international crude prices to forex market. The market risk appetite
represented by Ted-Spread volatility also had an important influence on forex volatility. Stock
market volatility emerged as the most important factor influencing volatility spillover in the
forex market. This is intuitive, and indicates the fact that over the past few years the USD-INR
volatility has been mainly influenced by capital flows in the Indian stock markets. The stock
market volatility spillover is followed by spillover from the Gsec market, OIS market, Ted-

Spread and from the international crude prices.

A comparison of the spillover relationship from financial markets to forex market
indicate that during the post-crisis period the temporary shock coefficients (a(i,j) coefficient in
the covariance equation) have become statistically insignificant for most of the financial
variables, while the coefficients of past volatility co-variance (b(i,j) coefficients in the covariance
equation) have increased in value and in statistical significance. These results could indicate the
importance of persistent deviation (fundamental shocks) in the post reform period rather than the
role of temporary disturbances in the volatility spillover to the forex market. There have also
been reductions in the asymmetric response in the forex market volatility in the post-reform

period as compared to the pre-reform period.

Given that there have been considerable reforms, introduction of several new financial
markets instrument and renewed emphasis on financial stability in India in the post-crisis period,
the above findings could indicate improved market microstructure in the Indian financial markets
over the recent years. Today, a large body of literature shed light on issues such as transmission
of information between market participants, heterogeneity of agents’ expectations and the
implication of such heterogeneity for trading volume and exchange rate volatility. While our
study finds empirical support in this direction, future studies might consider addressing issues
relating to market microstructure development and time varying volatility and/or on relationship

between volatility, trading volume, bid-ask spread for the emerging market economics.

16



LT

"SQIOULIND JOY30 0} paredwod uaym (anjea) ,yiuamns,, sured Jefjop SN a3 uoym dn s203 X SN
WS1om %9°¢ (JHD) dUBL] SSIMS Pue JySiom %,z 4 ‘(MHS) BUOIY YSIPamMS WStom %16 (AVD) Te[[op ueipeue) WSom %6 [ (dgD) Sul[rels punod Jysrom
2%9°C1 (Ad[) uek asauede[ yIom 9,9'86 ‘(YNH) oInyg ‘Ym AJuo pasedwrod anjeA s,Je[[Op Y} JO ULSW JLIAWO0T PIAYSIoM € SI I "SIIOUaLIND USI2I0J JO 13Seq
€ 0} OATJR[QI JR[[OP SOJBIS PAIUN 9y} JO anjeA 9y} Jo (2Inseawr J0) Xopur ue St (XSN) Xopu] Je[joq SN Y.L “(jo11eq 1od [T AL ) sooLd [10 9P [BUONBUIIUL O} pue
(xasn) xspur-refjod ‘(INEaAm) wnmudid premiof Je[jod-oadny ypuow 221y} pue (A [SIO) el SO JBdA U0 (QdSAHL ‘el 1S219Ul [[1g-], AUOW-231Y} Y}
pue YOI JIUOW-921Y} UIMIQ 9UIHIP) peaidS-pol ‘(1AdS ‘PISIA [[19L AeP-9¢ SUO SNUIW P[AIA 93SD) T8IA Ud)) pedrds wis) oy} (09sD)) PIRIA JIeWoudq
sreok uo) ‘(Jfe)) ojer joxewr Aouowl JYSIUIdAO 9y} ‘(FSH) xopu] a8ueyoxyg 001§ Aequog oyl ‘(QSMIANI/ALVIXH) 9er a3ueyoxo Ie[jo-oodny :9j0N

0°CL9T 0°CL9T 0°CL9T 0CL9T 0°CL9T 0°CL9T 0°CL9T 0°CL9T 0°CL9T 0'CL9T SUOneAIdISqO
00 00 00 00 00 00 00 00 00 00 L1qeqorg
168 S1€01 I'v01 906 YOITIl 6'LY9 60T 09¥016¢Y 9°0¥C 0°¢C elog-onbaep
S'¢ Sy 9'C ¥'C 9Y 8¢ 8'C L00T Sl "¢ SIS03.In3|
70 €1 ¥'0 €0 €1 'l L0~ €6 1°0- 0 SSOUMINS
6'9¢ 70l [ €1 60 60 ! S'C 0°L89S 8'C ‘A PIS
081 €l £C L'¢ C0- 6°0- 0°¢ 10°0 44314 £6¢ WA
LSyl [4q! 06 0l LY 9°¢ S'6 00L 0°5001¢ L'ES wnuixegy
€9 '8 6'C 19 Il 60 S'L LS S0911 9'Sy UBIPIAl
6'¢9 98 [543 9 €1 'l €L 8¢ CISCII LSy UBIAl

NEATA ddsdil 9je.IXy

$aNse)S ARdLIdSI( (V] dqeL



ZL WL 0L 60 80 L0 90
L

8T

[43

03sO

TIvVO

08

*S910URLIND USISI0] JO JaYSeq
B 0} 9ATJR[SI IR[[OP SO)JBIS PAIUN Y} JO onjeA 3y} Jo (2INSeawr 10) Xopur ue st (XSN) Xopu] Ie[[oq SN YL ‘(jo1req 1od [1AL) sooud [10 9P1IO [BUOTJBUISIUL o) pue
(Xasn) xepur-refjod ‘(Neam4) wnmuaid premioy refjog-eadny yauow sa1y) pue (X [SIO) 93eI STO Jedk auo ‘(QdSAHL ‘9¥el 1SI9Ul [[1q-, [HUOW-991Y} I}
pue JYOIIIN YIUOW-92IY) USIMIq 90UAIJIP) pealdS-pa] ‘(1AdS ‘PIOIA [[19L ABp-#9¢ QU0 snuitl P[oIAk 99sK) Jeak ud)) pealds wiIe) oy ‘(99sD)) PIoIA Iewouaq
sIedA ud) ‘([[eD) el joviewr Aouow JYSIUIdAO oy} ‘(Sg) Xopu] ofueyoxq Yo0lS Aequog oY (ASMINI/ALVIXH) Srer o3ueyoxd Ie[jo-oodnmy :910N

d[qeLIB A [BIOUBUL] O} JO yjed Swil] :] 2In31

cl L

ok

[ ocL

[- 001

[FOLL

[-0ZL

4

X3IAN™VTIOA

4

0

[ 000'S

[ 000'0L

[ 000G L

[ 000'02

000'52

asg

asnani



6T

‘(1oxaeq 10d 11 An) S9011d [10 9PNIO [BUOIBUISIUL UO UINIAI Y} pue (X ASN) XOpUI-Te[[od PAouaIdjId pue (A 1SIOQ) 938l SIO Jed4-0u0 PadudIdpI(
{(09SD(Q) PIOIA JTBWYOUIQ SIBAA U} PASUAIdI( ‘(ASHY) Xopu] aSueyoxH 3o0iS Aequiog uo wnoy ‘(LY UXTY) 9rer 93ueyoxa Je[[o((-0admy wmoy :9JoN

S9|geleA PAIUIIDLIQ PUE SUINIDY 7 94814

2k L 0L 60 80 L0 9 SO ¥O €0 20 2k L 0L 60 80 0 9 SO ¥O €0 <20

o€ 9

1LIMY AlSIlOd

¢k 1L 0L 60 80 L0 9 SO ¥O €0 <0 ¢k kL 0L 60 80 L0 9 SO ¥O €0 <0 ¢k 1L 0L 60 80 L0 9 SO ¥0O €0 20
I I I I I I I I I I 9- I I I I I I I I I I Sl- I I I I I I I I I I .

03s9d 3sgy J1vax3y



0c¢

*S910UALIND USISI0] JO JaYSeq
B 0} 9ATJR[SI IR[[OP SOJBIS PAIUN Y} JO onJeA 3y} Jo (SINSeaw 10) Xopur ue st (XSN) Xopu] Ie[[o SN YL ‘(jo1req 1od [1AL) soouid [10 9p1IO [BUOTJBUISIUL o) pue
(xasn) xspur-refjod ‘(INEaAmd) wniuaid premiof Je[jog-oadny yppuow 321y} pue (A [SIO) el SIO B4 U0 (QdSAHL ‘9.l 1S2I9Ul [[1g-], JIUOW-231Y} Y}
Pue JOLIIA YIUOW-221Y) U2aMIdq DUAIIP) peatdS-pal ‘(1AdS ‘PIRIA [19.L Aep-+9¢ QU0 snurw pP[oIk 99s0) Jeak ud}) peatds wid) Ay} (09sD) PIRIL JIewyoudq
SIBdA U9} ‘(J[eD) 9jes 1ayaew Aduow JYSIUIOAO Ay} (SH) Xopul Bueyoxd 001§ Aequiog oy (ASMIANI/ALVIXH) el a3ueyoxd Je[[o-22dny :910N

€20 15800 8L°0 ¥000'0- 000 S180°0- 100 ¥00000 /80 80000 9t'0 L€00°0 900 T0000 JA A LTEO'0 000 16900 (4] %]
00 ¥520°0- LEO 80000 00 08T0°0- 6T0 €0000- €60 €000°0 €10 TETO0- 0L°0 £L0000°0 9€0 S800°0- 000 1G20°0- (T'1)13
000 LOTO0 000 €100 000 TET00 000 TT100 000 9¢T0°0 000 20100 000 8100 000 SC10°0 000 16000 (T'1)13
000 ST€6°0 000 88960 000 SETO0'0- 000 €960 000 688C°0 000 79910 000 85680 000 SSy¥’'0 000 9€06°0 (z2)1g
000 8060 000 €860 000 0EVE0 000 TLT60 000 €¥0L°0 000 68¢L0 000 70960 000 LET8'0 000 €868°0 (z‘1)19
000 LY¥88°0 000 89/8°0 000 5480 000 60880 000 79980 000 €788°0 000 87980 000 89/8°0 000 0€68°0 (T'T)19
000 01900 0 09000 9,0 00¥0°0 000 8EV0'0-  £L80 8ST0'0- S90 05900 000 SLS0°0-  6T0 §¢L0°0- 000 86900 (¢2)ta
900 0€E0'0- 6£0 ¢L00°0 00 800T0 170 00€0'0- 0/0 6€T0°0- TC0 0870'0- €90 6€00°0 9t°'0 ¢ST00 000 9200~ (¢'1)1a
0°0 ¥120°0- €00 8€C0'0- 000 €VE0'0- 00 ¢SC0'0- 100 €VEOD'0- €00 6€C0°0- 100 STE0'0- ¢C00 ¥8¢0°'0- 010 60T0°0 (1'1)10
000 SST00 000 65200 000 8¥v0'T 000 00900 000 6L€L°0 000 €L¥8°0 000 08¢T'0 000 60¥9°'0 000 S590°0 (Tetv
000 9€¥0°'0 800 76000 €00 2900 000 SEE00 200 6500 00 L6%0°0 000 0c¢zo'0 000 £LS¥0'0 000 17800 (T't)tv
000 TTT0 000 SOET'0 000 08€ET'0 000 18¢T°0 000 [4:14%¢Y 000 0S¢T°0 000 vSv1°0 000 LTET0 000 8¢0T°0 (T1)TV
000 £90T°0 800 80000 000 0110 000 €0000'0 000 97000 000 1000 000 €0000'0 000 TIT000 000 91100 (Yard)
8t°0 6000°0- LSO T0000 000 S900°0- €70 TO0000 8¥'0 €000°0 8t°0 20000 SL°0 ¢00000 TS0 €000°'0- 000 S€00°0- (¢t
000 €7T00°0 000 ¥100°0 000 ¥100°0 000 €700°0 000 ST000 000 Z¢T00°0 000 ST00°0 000 €100°0 000 11000 (TT)o
'qoid 490D 'qo.d 490D 'qoid 44900 'qoid 490D ‘qoid 44900 'qo.d 490D 'qoid 44900 ‘qoid 490D 'qoid 44900

uonenb3 asuenep

900 800 900 00~ 000 6L'C 000 T00°0 000 90'T 000 LL0 970 T0000 000 VLY 000 110 (2o
€00 T0°0- €00 T0°0- 00 10°0- 900 T0°0- 800 10°0- 00 200~ S0°0 T0°0- €00 T10°0- 000 00~ (t)d
uonenb3 ueapy

'qoid 490D ‘qo.d 490D 'qoid 44900 'qo.d 490D ‘qoid 490D 'qoid 490D 'qoid 490D ‘qoid 490D 'qoid 490D

ATsioda adsail 3S49d ILVUXAY
(ZT0T YoseN 03 £00T Adenuer poliad uolzewns])
dewnsy ANHEOA PI[00] (VT dqeL




[EUOIHPUOD JO d3eWIISA (T

‘T)HDYVO s! 1e4xIyH

T¢

‘uinlaJ ajed wmcmzuxw JO {douelea

‘9aue)sul 104 ‘sasayiualed ay3 Ul 3|gelieA Y] JO SJUEBLIBA [BUOILIPUOD 4O 91WIISA (TT)HDYVD S! (dIqerieA)H

LT0 671 €20 Wl 970 1€ LLAVH 95t Jo8uein) jou s20p J1VIXTYH
S1°0 LUl 80¥T 60°0 70T LOVT $0°0 vTT 90tC HLVIXHAYH 9518 195uLn) 10u $20p [LMYH
110 007 L1°0 197 920 0¢'1 XAANIIV TTO(YH 9Se)) WBUeID 10U $20p J LV IXHdH
00°0 €L 80¥T 000 90'6 LOVT 000 vl 90+C HLVIXTIH 9sne) 18uern 10u $50p XIANTIV TIOTYH
€60 b1l 100 65°€ 100 88T NEM JAH 9518 JoBurID) 10U 530p LV IXTIH
99°0 €50 80¥T 950 16'0 LOVT 920 1€ 90tC HLVYXEIH 9Sne)) 105ueID 10u s00p WEMYAH
8L°0 9€°0 9z°0 [ €0 LT ATSIOQH 951 1o8URID) 10U 500p LV IXddH
00°0 18y 80¥T 000 6°€ LOVT 10°0 LTE 90tC HLVYXEIH 9sne)) 18uein 10u s20p X [SIOAH
90°0 T v0'0 vr'C 60°0 61 (QdSAELH 95he) 193UEID) 10U S90p H LY AXHAUH
LS0 L9°0 80¥T 85°0 7L0 LOVT L0°0 €07 90tC HIVYXEYH 9sne)) 1fuein 10u s00p AdSATLH
€0°0 687 100 5o°¢ 200 €LT ]QJdSH 9She)) J93UeIS JOU S30p LV AXAUH
00°0 99°€1 80¥T 000 89°01 LOVT 000 916 90tC ALV AXTIH 95ne) 105ueIn) 10u $20p [AdSH
00 v8T 100 61°¢ 100 STE DASDAH 9518 1BUeID) J0U 530 7LV AXAUH
00 LT 80¥T 200 06C LOVT £0°0 6T 90+C HLVAXHIH 9sne) 108urID) 10U $20p DISOAH
100 YTy 10°0 91°¢ €0°0 v'T TTVOH 9sne) 193ueIn) jou s30p FLVUXTYH
950 89°0 80¥T 79°0 990 LOVT 870 STl 90+C HLVYXTYH 9sne)) 18uern 10u $20p TTYDIH
LE0 Y01 b0 v6'0 6v°0 680 GSEIH osne)) 195ULID) 10U S90p LV IXddH
€ro 98T 00'80%C 800 0T 00'L0%C 110 8L 00'90%C HLVAXHIH 951e)) 193ULID) 10U S0P ASEUH

‘qo1d  onsHEIS-d 90 onsHeIS-g 90 onsHeIS-g 90 :s1s9)0dAH [InN

SIOIRIA JUIIPI(] SSOIIY JIAO[[IdS ADR[0A 10] IS, A)fesne)) Jdgueas) g d[qel.




[44

"S9I0UALIND UFIAI0) JO JYSeq
B 0} 9ATJR[QI JR[[OP SOJBIS PAIUN 9y} JO anjeA 9y} Jo (2Inseawr J0) Xopur ue st (XSN) Xopu] Je[joq SN Y.L ‘(jo11eq 1od [T AL ) sooLd [10 9P [BUONBUIIUL o) pue
(xasn) xspur-refjod ‘(INEAm) wnmudid premiof Je[jod-oadny yppuow 221y} pue (A [SIO) el SO JedA U0 (QdSAHL ‘9.l 1S2I9Ul [[1g-], JIUOW-231Y} Y}
Pue JOLIIA YIUOW-221) U29MIdq DUAILIP) pea1dS-paL ‘(1AdS ‘PIOIA [[19.L Aep-$9¢ U0 snuitl Pk 93sD) 18K ud)) peards wd) oy (93sD) PIRIA JrIewdudq
SIBdA U9} ‘(J[eD) 9jea 1ayaew Aduow JY3IUIOAO Ay (SH) Xopul 8ueyoxd 001§ Aequiog oy (ASMIUNI/ALVIXH) el o3ueyoxd Je[[o-22dny :910N

000  8I¥80 10°0 90¢t°0 000  ¢€I8I0 000  ¥IS6°0 000 £€6T¥0 100 6081°0 000  1€68°0 00'0  688¢°0 000 €706°0 (T'O1d
00'0  9¥08°0 S0°0 L889°0 00 9LEYO 00'0  9L8L0 00'0  T0£L0 000  ¥6L9°0 000  TSS6°0 00°0 1209°0 000 €¥¥8°0 @Did
00'0  069L°0 00°0 056L°0 000 899L°0 00'0  9SLLO 00'0  TS9L0 000 €89L°0 000 789L°0 00°0 190L°0 00°0  €88L°0 a‘Dig
000 L8800 200 8CI1°0- 790 8LLOO- 000 9¥90°0-  98°0  LLIOO- 990  8ELO0 000  SPCI'0-  [I'0  6L01'0- 000 1860°0 @91a
€6°0 9200 8L°0 €200 €70 82L00-  9€0  ¥0S0°0-  SS°0  10€0°0-  8CTO  €¥S0°0- T8O  STO0'0 S9'0  0L£0°0 €L°0 8100 @'Dia
00'0  6€CI'0-  TLO 8L00°0- 000  $PIT'0- 000 6CII'0- 000  86II'0- 000  LLIT'O- 0000  L8II'0- 000 1€81°0-  98°0 L1000 a‘Dia
¥L°0 80000 11°0 G€80°0- 000  I8¢80 00'0 L0800 00'0 16450 000 L8T80 000 0¥91°0 000 L09L0 000  66¥0°0 @TD1v
05°0  SSI0°0-  9€0 £€50°0 100 L9C1'0 9I'0  S6£0°0 #0'0  1990°0 $0'0  LLLOO 11°0 16100 ¥0'0  CTLLOO 00'0  CI0I'0 @TDIv
00'0 _ 9¥8T°0 00°0 LY61°0 000 6T8T0 00°0 169C°0 00'0  6L8T0 000 ¥€8C°0 000 678C0 00°0  209¢0 00°0 150T°0 a‘Div
000 #9050 000 YL6T°0 000  I8¥0°0 00'0 200000 000 L1000 000 €100°0 00'0  T0000'0 000 60100 00°0 1910°0 TV
9¢€'0  LTO0'0-  €¥0 £500°0 99'0 60000 8C°0 1000°0 ¥6'0 00000 €50 Z000°0 S¥'0 100000 €20 1100°0-  00°0  L900°0- T'DD
00'0 __ 0£00°0 00°0 L200°0 000 0£00°0 00'0 __ 0£00°0 00'0__ 0£00°0 000 0€00°0 000 1€00°0 00°0__ 0¥00°0 00°0 82000 I‘Dd

‘qold 320D ‘qoid }20D  "qold 320D "qoid 320D "qoid 320D "qoid 320D "qoid 320D "qold 320D "qoid 320D
uonenb3 asuelep
y1'0 800 120 10°0- 000  LS'T 60°0 100°0 000 €L0 000 8.0 LLO  ¥0000- 000 ¥L¥ 000 SI0 (40}
L0'0 10°0- 61°0 10°0- S00 100 L0°0 10°0- 0I'0 100~ 900 100" 800  10°0- 01°0 10°0- 000 20°0- {3}
uonenb3 ueay

‘qo1d 33200 ‘qo1d J320)  "qoid JJ20D  'qold JJ20D  'qold 320D 'qoid 320D 'qoid JJ20)  'qold 320D "qold 34900

Neamd AISIOQ adsail

(800C ‘ST Toquiaydog 03 £00T ATenue( poLIdd UONEWISH)

Newnsy ANME[OA SISLD-214 1VE AqEL



€¢

"SO1OULLIND UFI010] JO Jo¥Seq
© 0] QAIJR[QI JR[[OP SI)BIS PAYIU() Y JO dn[eA ) JO (dINSeaw J0) Xopul ue SI (XS[)) Xopu] Jejjod SN YL "(jorreq 10d [ 1A ) soo11d [10 opnIo [euoneUIIUI J} pUeR
(xXasn) xepur-refod ‘(Neam4) wnmuaid premioy refog-eadny yauow sa1y) pue (X [SIO) 9.l STO Ieak auo (QdSAH.L ‘9¥el 1SI9Ul [[1q-, [HUOW-91Y)} I}
pue JYOIIIN YIUOW-92IY) USIMIq 90UAIIP) pealdS-pa] ‘(1AdS ‘PIOIA [[19L ABp-$9¢ QU0 snuitl P[oIk 99sK) Jeok ud)) pealds wLIe) oy ‘(09sD)) PIoIA IewWousq
SIBdA U9} ‘(J[eD) 9jer 1oyaew Aduow JYSIUIGAO Ay} ‘(SH) Xopul Bueyoxd 001§ Aequiog oy (ASMIANI/ALVIXH) el a3ueyoxd Je[jo-2dny :910N

000 96880 10°0 90€1°0 0 £050°0- 000 0€€6°0 00°0 6vLE0 6¥°0 0re10 000 86001 000 0280 00°0 08580 (T1d
000 09680 S0°0 L8890 £6°0 L8€00 000 0€16°0 86°0 £610°0- 000 16680 000 6€C6°0 000 L8€8°0 000 01680 @T'D1d
000 ¥206°0 000 056L°0 00°0 65060 000 22060 00°0 7€06°0 000 15060 000 L¥06°0 000 1€06°0 000 5260 a‘nDig
000 LLLOO 200 8EI1°0- 780 §190°0-  1T0 L910°0- _ ¥6°0 0110°0- 880 60900 000 CC00- 670 1601°0- 000 LS80°0 (T'01a
S6°0 L¥00°0 8L°0 €00 200 868C°0- VL0 1810°0- 600 $99C°0- 60 £860°0-  STO0 0€€0°0 69°0 SY10°0 010 89¢€0°0- @Dia
0¥'0 1L100- TLO 8L00°0- 09°0 81100-  #9°0 8010°0-  L£0 L610°0- €90 LI100- €60 2000 120 65700~ 8¢°0 8S10°0 a‘Dia
19°0 9¢00°0 110 §€80°0- 00°0 19L1°1 000 81¥0°0 000 1699°0 700 £vS8°0 000 9110°0 000 ¥0¥8°0 500 S0€0°0 (TO1v
1€0 0810°0 9¢'0 ££50°0 LEO 20500 8¢°0 S810°0 86°0 #1000~ S€°0 S0£0°0 61°0 1610°0 8C°0 62€0°0 000 0€¥0°0 @DIv
00°0 £680°0 00°0 LY61°0 000 0%780°0 00°0 1560°0 00°0 6680°0 00°0 2980°0 00°0 L680°0 00°0 7£60°0 000 8090°0 a‘Div
£0°0 [43x40 00°0 ¥L6T0 00°0 Ce0’0 10°0 1000°0 000 L100°0 90°0 11000 00°0 8000000~ 00°0 SG10°0 000 0580°0 (TON
10°0 6610°0- €40 £500°0 110 90€0°0-  6C0 £000°0-  8¢€0 8¢000- 160 000°0- 600 000°0- 09°0 6000°0- 000 8¢€10°0- (T DI
£0°0 £700°0 00°0 L200°0 S0°0 0700°0 450 6200°0 700 1700°0 90°0 8€00°0 L1°0 $200°0 70°0 ¥00°0 000 £200°0 (I'DIN
‘qoid 320D ‘qoid J20D  "qoid 320D "qoid 320D "qoid 320D "qoid J20D  "qoid J20D  "qoid 320D "qoid 320D

85°0 70°0 120 10°0- 000 St'S £0°0 6¥00°0 000 [ 00°0 50 00°0 10°0 00°0 £L°9 (440 700 (40}
£8°0 000 61°0 10°0- 950 10°0- £6°0 #100°0- 690 10°0- €70 20°0- L9°0 10°0- 0L°0 10°0 €L°0 10°0- {3}
‘qoid 33200 ‘qoid ‘qo1d J20D  "qoid 320D - "qoid 320D "qoid J20D  "qoid J20D  "qoid 320D "qoid 320D

ILAMY NEamd AISIOd adsadr ALVIXTA
(T10T “UIIBIN 03 600T JPqUIDAON POLIDJ UOHRWINSH)
AewysH ANPEIOA SISLID-IS0d 1V AqeL




Reference:

Agren Martin (2006), Does Oil Price Uncertainty Transmit to Stock Markets?, Uppsala University, Working paper
2006:23

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?” The Journal of Futures Markets, 18 (2),
151-166.

Badrinath H.R. and Apte Prakash G. (2003), Volatility Spillovers Across Stock, Call Money And Foreign Exchange
Markets, http://www.nse-india.com/content/research/comppaper109.pdf

Bandivadekar, S.; and Ghosh, S. (2003), "Derivatives and Volatility on Indian Stock Markets," Reserve Bank of
India, Occasional Papers, Vol. 24, No.3, pp. 187-201.

Beirne John , Guglielmo Maria Caporale Marianne Schulze-Ghattas, Nicola Spagnolo (2010) Global and regional
spillovers in emerging stock markets: A multivariate GARCH-in-mean analysis, European Central Bank, Germany

Behera Harendra Kumar (2011) , Onshore and offshore market for Indian rupee: recent evidence on volatility and
shock spillover,Macroeconomics and Finance in Emerging Market Economies 4(1), 43-55

Bollerslev, Tim (1986). "Generalized Autoregressive Conditional Heteroskedasticity", Journal of Econometrics,
31:307-327

Bollerslev, Tim & Chou, Ray Y. & Kroner, Kenneth F. (1992), "ARCH modelling in finance : A review of the
theory and empirical evidence," Journal of Econometrics, 52(1-2), 5-59.

Bollerslev, Tim & Engle, Robert F & Wooldridge, Jeffrey M, (1988). "A Capital Asset Pricing Model with Time-
Varying Covariances," Journal of Political Economy, 96(1), 116-31

Bologna, P and L. Cavallo (2002): “Does the Introduction of Stock Index Futures Effectively Reduce Stock Market
Volatility? Is the ‘Futures Effect’ Immediate? Evidence from the Italian stock exchange using GARCH”, Applied
Financial Economics, 12, 183-192.

Brailsford, T.J. (1996). Volatility spillover across the Tasman, Australian Journal of Management, 21(1), 13-27.
Brooks Chris (2008), Introductory Econometrics for Finance, 2nd Edition, Cambridge University Press

Cheung, Yin-Wong & Chinn, Menzie D. & Pascual, Antonio Garcia, 2005. "Empirical exchange rate models of the
nineties: Are any fit to survive?," Journal of International Money and Finance, Elsevier, vol. 24(7), pages 1150-

1175,

Christopher J. Neely & Lucio Sarno, 2002. "How well do monetary fundamentals forecast exchange rates?,"
Review, Federal Reserve Bank of St. Louis, issue Sep, pages 51-74.

Chulia Helena & Torro Hipolit (2008), The economic value of volatility transmission between the stock and bond
markets, Journal of Futures Markets, 28(11), 1066—1094,

Ebrahim Shafig K. (2000), Volatility Transmission Between Foreign Exchange and Money Markets, Bank of
Canada Working Paper 2000-16

Ederington Louis H. and Lee Jae Ha (1993), How Markets Process Information: News Releases and Volatility, The
Journal of Finance, 48( 4), 1161-1191

24



Engle Robert F. (1982), Autoregressive Conditional Heteroscedasticity with Estimates of the Variance of United
Kingdom Inflation, Econometrica , 50(4), 987-1007.

Engle Robert F. Kroner Kenneth F.(1995), Multivariate Simultaneous Generalized Arch, Econometric Theory,
11(1), 122-150

Ghosh, Saibal & Ghosh, Saurabh, 2006. "Does Monetary Policy Affect A Firm’s Investment Through Leverage?
Micro Evidence for India," Economia Internazionale / International Economics, Camera di Commercio di Genova,
vol. 59(1), pages 17-31.

Ghosh Saurabh & Bhattacharyya Indranil, 2009. "Spread, volatility and monetary policy: empirical evidence from
the Indian overnight money market," Macroeconomics and Finance in Emerging Market Economies, Taylor and
Francis Journals, vol. 2(2), pages 257-277.

Fedorova E and Saleem K (2009), Volatility Spillovers between Stock and Currency Markets: Evidence from
Emerging Eastern Europe, http://papers.ssrn.com/sol3/papers.cfm?abstract_id=1460645

Kanas Angelos (1995) Volatility spillovers across equity markets: European evidence, Journal of International
Money and Finance, 14(6), 747-762

Kanas Angelos, 2000. "Volatility Spillovers Between Stock Returns and Exchange Rate Changes: International
Evidence," Journal of Business Finance & Accounting, Wiley Blackwell, vol. 27(3&4), pages 447-467

Kuo Wen-Hsiu, Hsu Hsinan and Chiang Min-Hsien(2008), Foreign investment, regulation, volatility spillovers
between the futures and spot markets: evidence from Taiwan, Applied Financial Economics, 18(5), 421-430

Meese, R. and K. Rogoff (1983), “Empirical Exchange Rate Models of the 1970s: Do They Fit Out of Sample?”
Journal of International Economics, 14: 3-24.

Mishra Alok Kumar, Swain Niranjan, and Malhotra D.K. (2007) Volatility Spillover between Stock and Foreign
Exchange Markets: Indian Evidence, International Journal of Business, 12(3)

Mohanty (2009), Speech on Exchange Rate Volatility, Bulletin, Reserve Bank of India

Nath GC (2007), Market Efficiency and Volatility in the Indian Foreign Exchange Market, http//www.ccil.org,

Ng Angela (1998), Volatility spillover effects from Japan and the US to the Pacific—Basin, Applied Financial
Economics, 8(3)

Ng Angela (2000), Volatility spillover effects from Japan and the US to the Pacific—Basin, Journal of International
Money and Finance, 19(2), 207-233

Nelson, D. B. (1991). "Conditional heteroskedasticity in asset returns: A new approach", Econometrica 59: 347-370
Prasad A. and Ghosh S (2005), Monetary Policy and Corporate Behaviour in India, IMF Working Paper, WP/05/25

Raju M T and K Karande (2003): “Price Discovery and Volatility on NSE Futures Market” SEBI Bulletin, 1(3), 5-
15.

Reserve Bank of India (2006), Report on Currency and Finance (RCF)

Ross Levine (1989), "The pricing of forward exchange rates," Journal of International Money and Finance, 8(2),
163-179

25



Ross Stephen A. (1989), Information and volatility: The no-arbitrage martingale approach to timing and resolution
irrelevance, Journal of Finance, 44, 1-17

Tse Yiuman (1999) Price discovery and volatility spillovers in the DJIA index and futures markets, Journal of
Futures Markets, 19(8), 911-930,

Tse,Yiuman & Booth G.Geoffrey (1995), The relationship between U.S. and Eurodollar interest rates: Evidence
from the futures markets, Review of World Economics 131(1), 28—46

Thenmozhi M (2002): “Futures Trading, Information and Spot Price Volatility of NSE-50 Index Futures Contract”
NSE Research Initiative, Paper no. 18.

Tim Bollerslev, Ray Y. Chou, Kenneth F. Kroner(1992), ARCH modelling in finance, A review of the theory and
empirical evidence, Journal of Econometrics, 52, 5-59

26



