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*Reject the null hypothesis. Ho: Y does not cause X. In this case the Stock Prices cause the Exchange Rates or vice versa.
*1% significance level, **5% significance level, ¥**10% significance level

The results tend to confirm the influence of the US market in this
economy, as it affects its stock and currency market. These results are not
surprising as Poland is considered as the most developed market in the region, and
in accordance with the behaviour of most of the developed economies markets, it
also tends to be affected by movements in the US economy. For the Czech
Republic, the causality tests show causality from the Czech exchange rate to

Czech stock prices in all three models (tables 4.3 to 4.5).

TABLE 4.5: GRANGER CAUSALITY TEST WHEN THE US IS USED AS A PROXY

Type of Test AlC HQ
Countries Variables No. of F-stat p-value No. of F-stat p-value
lags lags
DHGE = DHGI 22.0793 4.6E-14* 22.0793 4.6E-14*
DHGI = DHGE 0.9498 0.4156 0.9498 0.4156
DUS = DHGI 3.0363 0.0281 3.0363 0.0281
Hungary DHGI= DUS 3 1.2050 0.3064 3 1.2050 0.3064
DUS = DHGE 03716 0.7735 03716 0.7735
DHGE = DUS 12.0775 7.8E-08* 12.0775 7.8E-08*
DPOE = DPOI 31.4354 7.7E-20* 31.4354 7.7E-20*
DPOI = DPOE 2.3643 0.0693 2.3643 0.0693
DUS => DPOI 3 58.7405 2.4E-36* 3 58.7405 2.4E-36*
Poland DPOI=> DUS 0.4232 0.7363 0.4232 0.7363
DUS = DPOE 6.2810 0.0003* 6.2810 0.0003*
DPOE = DUS 0.7215 0.5390 0.7215 0.5390
DCZE = DCZI 5.9475 0.0004* 5.9475 0.0004*
DCZI=>DCZE 1.2655 0.2845 1.2655 0.2845
Czech DUS = DCZI 30.6942 2.2E-19% 30.6942 2.2E-19*
Republic DCZI=>DUS 3 0.1942 0.9003 3 0.1942 0.9003
DUS=>DCZE 1.2210 0.3005 1.2210 0.3005
DCZE => DUS 0.2400 0.8684 0.2400 0.8684
DSLE => DSLI 1.8668 0.0826 0.0213 0.8838
DSLI=>DSLE 0.9124 0.4848 0.5789 0.4468
DUS = DSLI 1 1.1182 0.3489 6 2.1792 0.1400
Slovakia DSLI=>DUS 0.9635 0.4484 0.9368 0.3332
DUS = DSLE 1.5813 0.1485 2.8888 0.0893
DSLE = DUS 0.6477 0.6920 0.4752 0.4906

*Reject the null hypothesis. Ho: Y does not cause X. In this case the Stock Prices cause the Exchange Rates or vice versa.
*1% significance level, **5% significance level, ***10% significance level
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The results from table 4.5 show that there is also causality running from
the US stock prices to the Czech stock prices. Finally, in the case of Slovakia the
results indicate that there is no evidence of a causal relationship between the stock
price and exchange rate in all three models (see tables 4.3 to 4.5, last rows of
results), as well as no causality between any of the international financial markets
and Slovakian stock prices or exchange rates. The results for Slovakia differ from
the findings for the Czech Republic, Hungary and Poland, and considering that
this market is the smallest and less developed, these results are not shocking. The
results from the analysis of cointegration relationships show evidence of
cointegration between stock prices and the exchange rates for Slovakia, and
Germany is included as a proxy for the international financial environment; there
is a need to include the error correction term in the causality tests in order to get
an unbiased result. The results indicate that the ECM is significant at the 1 per
significance level, thus there is also a short- term dynamic relationship between
the stock prices of the German market and the exchange rates and stock prices in
Slovakia.

The trivariate analysis that has been done when considering the three
international proxies shows that the Dow Jones Industrials is a source of causal
effects on the Polish stock and currency markets, as well as on the Czech stock
markets. As was mentioned previously, these two markets and especially the
Polish one are the most developed among the East European markets, and they are
sharing similar patterns with the world’s most developed economies that tend to
be affected by shocks originating from the US stock markets. These findings
confirm that when analysing stock and currency markets relationships the US
markets should be also considered as it seems to be improbable to find a market

that will not be affected by the US markets to some extent.
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4.1.3.3 Analysis and Conclusions

This section sets out to investigate the relationship between stock prices
and exchange rates in four East European economies when a third variable is
included in the study, with the objective of finding out the international shocks
that could affect these economies. The results from the cointegration tests
indicated that there is no long-term relationship between exchange rates and stock
markets. The findings are thus consistent with the results of Smyth and Nandha
(2003), Nieh and Lee (2001) and Bahamani-Oskooee and Sohrabian (1992),
noting that these authors analysed completely different markets. The major
conclusions from this study are similar to the general findings that the existing
literature in this area has shown, and which is characterised by the absence of any
significant evidence of a long-term relationship between stock prices and

exchange rates.

The results from the causality tests indicate that, normally, a movement in
the exchange rate causes movements in stock prices; thus, causality is
unidirectional with no evidence of causality from stock prices to exchange rates in
most of the countries and cases of analysis. Furthermore, what happens on
international stock markets can also affect the respective domestic stock markets
and exchange rate movements, as reflected in the significant causal relationship
from the US stock market to most of the European markets. To a lesser extent,
there is also evidence of some influence from the UK stock market on the East
European markets; but the effect from the German market is less clear. The lack
of a general international stock market influence on the East European stock
exchanges indicates that the East European markets are not as integrated with the
world financial markets as the big European stock markets are, the only exception
being that the US market generates an effect on the Polish stock and currency
market, and on the Czech stock market. These results indicate that, for example, a

fall in the US stock market would have a negative effect on the Czech and Polish
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stock markets, which in turn would cause a capital outflow which would create
depreciation pressures for the Czech and Polish exchange rates; conversely, a
boom in the US stock market would have a positive effect on Czech and Polish
stock markets and would lead to increased demand for their currencies, and
therefore, to an appreciation of the exchange rate. An awareness of these linkages
is likely to provide important information for more effective policy formulation
on exchange rate issues, as well as for fund managers in terms of devising more
effective portfolio hedging and diversification strategies. In this case for example
investors should consider that they can diversify their portfolio taking into
account East European markets but they will also need to consider hedging
strategies that protect their investment from shocks that could originate from the

US markets.

4.1.4 Volatility Analysis

4.1.4.1 Introduction

The present analysis will be conducted with the purpose of investigating
volatility spillovers between stock returns and exchange rate changes for the four
East European Markets (the Czech Republic, Hungary, Poland and Slovakia) for
the period 1996-2006"". Tt has been decided to divide the sample period into two
subperiods that would analyse the behaviour of these markets before 2004, a time
period when these countries did not belong to the EU, and after 2004, when these
countries became part of the EU. The data set consists of daily (5days) closed
stock market indices and foreign exchange rates with a total of 2766 observations
for each series. For the exchange rates, the domestic exchange rates is used (the
Czech Koruna, Hungarian Forint, Polish Zloty, and the Slovak Koruna, against

the US dollar), and the stock prices used are the Prague SE PX, Budapest BUX,

7 All results are available in Appendix C. The omission of some results through the thesis is
motivated by the high volume of results that were obtained from the calculations.
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Warsaw General Index, and the Slovakia SAX 16. All data are taken from

DataStream, and the Federal Reserve Statistic Release.

4.1.4.2. Empirical Results

This subsection presents and discusses the key results obtained from the
volatility analysis. First, a description of the series statistics is outlined;

afterwards, the findings regarding volatility issues are presented and discussed.

4.1.4.2.1 Descriptive Statistics

The study starts by presenting the results obtained from the descriptive
statistics for stock returns and exchange rates that will set the characteristics of
the sample. For the entire period, the sample means of stock returns are positive
for Slovakia and Poland, while the mean is negative for Hungary and the Czech
Republic. The results are positive for all the countries during the first period, as
well as and after the 1% of May 2004, when the countries joined the EU. The
highest mean returns were for Poland, (6.35E-04), followed by Slovakia (6.99E-
05), for the pre-European Union period; the mean returns were highest for the
Czech Republic, (0.000546) and Poland, (0.000455), followed by Slovakia and
Hungary for the same period, whereas for the post-EU period they were highest
for Slovakia (0.001336) followed by Hungary (0.00122), Poland (0.000996) and
the Czech Republic (0.000897). The standard deviation of the stock returns range
from 0.29 per cent to 1.26 per cent for the entire period and from 1.29 per cent to
1.52 per cent for the pre-European period (before 2002) and from 1.40 per cent to
1.01 per cent for the post-European period (after 2004). This indicates that the
volatility of stock returns in general were lower in the period after the countries
joined the EU, than compared with the period before EU membership. These
results support the hypothesis of stability that EU adhesion generates in the

markets, and also provide some evidence of the effects that in the long-term this
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membership could have in terms of market integration. The skewness and kurtosis
coefficients indicate that stock returns are leptokurtic in relation to the normal
distribution. This a common finding for stock returns, as Caporale et al (2002)
noticed. The Jarque-Bera (JB) tests are very high, meaning that the null
hypothesis of stock returns normally distributed is rejected for all the countries in
all the periods.

The descriptive statistics for the exchange rate returns show that the
sample means are positive for the entire period for the Czech Republic, Slovakia
and Poland. For the pre-EU period, the means are positive just for Poland and for
the post-EU period they are positive only for Hungary. The volatility of the
exchange rate returns ranged from 1.33 per cent (Poland) to 4 per cent (Czech
Republic) for the entire period. During the pre-EU period the highest volatility
was found in Poland with 6.6 per cent and the lowest in Slovakia with 3 per cent;
in the post-EU period, it moved between 2.6 per cent (Slovakia) to 5 per cent
(Poland), the highest volatility period being the pre-EU one. This is explained by
all the economic adjustment processes that took place before these countries were
able to join the EU. These economies had to comply with EU regulations and
requirements in order to be fully part of the EU; as a consequence, their
economies have been able to improve their financial markets, thus creating more
stability, a characteristic that is reflected by the reduction in their volatility
coefficients.

After analysing the descriptive statistics of the data, the next step consists
in the presentation of the results derived from the econometric models. The results
from the ADF tests statistics show that the null hypothesis of the existence of unit
root in levels is rejected for all variables in all periods, indicating that all series
are 1(0).

Given that all the variables are integrated at the same level, the main
conclusion is that the variables are cointegrated, implying that there is a long-term
relationship between stock returns and exchange rate returns for all the countries

in all the periods. Therefore, is not necessary to implement the Johansen’s (1992)
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cointegration test. Hence, the analysis proceeds with the application of the
likelihood ratio (LR) test in order to determine the truncation length (p) for the
conditional equations in the bivariate EGARCH model. The LR test is performed
on an individual basis on the stock returns and exchange rate conditional variance
equations to determine the optimal lag length for the EGARCH specification of
each equation.

The results showed that we select the EGARCH (1,1) for all the countries
in all the periods with the exception of Slovakia where the EGARCH (2,1) model
is selected for the entire period. The results from the EGARCH model
estimations, are set out in tables 4.6 to 4.8, for the total sample, and also, for
before, and after 2004 respectively. This analysis will present results in terms of

volatility persistence, volatility spillover effects and asymmetric spillover effects.

4.1.4.2.2 Volatility Persistence

In relation to the coefficients on the volatility persistence terms, the results
from tables 4.6 to 4.8 (first and seven rows) indicate that there is significant
persistence in stock returns volatility for all the countries during the three periods.

TABLE 4.6: Volatility Spillovers between Stock Returns and Exchange Rate Changes: Total
Sample

Estimated Parameters Hungary Czech Republic Slovakia Poland
Volatility Persistence 0.2596 0.1846 0.4905 0.2175
(Stock Returns) ( Z bs ) (0.000)* (0.000)* (0.000)* (0.000)*
Spillover: from Stock Returns to 0.0490 00524 -0.0209 -0.0433
Exchange Rates ( z 55 £) (0.2183) (0.0353)** (0.3951) (0.169)
Asymmetric Spillover effect: From

Stock Returns to Exchange Rates 0.9105 0.9517 0.9987 0.9478
0.000)* 0.000)* 0.000)* 0.000)*

(295,5 ) ( ) ( ) ( ) ( )

Volatility Persistence 0.2103 0.2986 0.2186 0.1064
(Exchange Rates) ( z bE ) (0.000)* (0.001)* (0.002)* (0.000)*
Spillover: from Exchange Rates to Stock 20,0274 0.0719 0.0093 -0.0028
Returns ( z 5S,E ) (0.423) (0.259) (0.0778)*** (0.829)
Asymmetric Spillover effect :From: 0.9263 0.9188 0.8894 0.9898
Exchange Rates to Stock Returns (0.000)* (0.000)* (0.000)* (0.000)*
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(> 0se)

Correlation Coefficient ( Og g ) 0.3200 0.3810 0.0147 0.3744

*1% significance level, **5% significance level, ***10% significance level

For the exchange rate equation, the results show that the coefficients are
all significant for the entire period and for the pre-EU period, while it is found
that for the post-EU period, volatility persistence for exchange rate returns are not
significant in the case of Hungary and Poland, but are significant for the Czech
Republic and Slovakia. A necessary condition for the volatility persistence terms
to be stable is that the value of the estimated coefficients should be less than one

(Wu, 2005). For this analysis, this condition applies in all of the cases.

4.1.4.2.3 Volatility Spillovers

The coefficients for the volatility spillover effects presented in tables 4.6
to 4.8 (rows three and nine) from stock returns to exchange rate returns show that
the coefficients are not significant for all the countries, for the three periods of
analysis, with the exception of the Czech Republic, where the coefficient is

significant after the country joined the EU.

TABLE 4.7: Volatility Spillovers between Stock Returns and Exchange Rate Changes: Pre

Europe (before 2004)

Estimated Parameters Hungary Czech Republic Slovakia Poland
Volatility Persistence 0.0756 0.1577 0.2023 0.1020
(Stock Returns) ( z bs ) (0.007)* (0.000)* (0.005)* (0.000)*
Spillover: from Stock Returns to -0.0370 -0.0249 00142 -0.0069
Exchange Rates ( Z 55 £) (0.063)*** (0.350) (0.749) (0.642)
Asymmetric Spillover effect: From

Stock Returns to Exchange Rates 0.9788 0.9620 0.8756 0.9783
0.000)* 0.000)* 0.000)* 0.000)*

(ZQS,E ) ( ) ( ) ( ) ( )

Volatility Persistence 0.3073 0.2460 0.3053 0.1608
(Exchange Rates) ( Z bE ) (0.002)* (0.000)* (0.000)* (0.006)*
Spillover: from Exchange Rates to Stock 0.0813 0.0346 0.0440 0.0953
Retums(z5s £) (0.250) (0.431) (0.3280) (0.004)*
Asymmetric Spillover effect: From 09117 0.9060 0.8959 0.9032
Exchange Rates to Stock Returns (0.000)* (0.000)* (0.000)* (0.000)*
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(> 0se)

Correlation Coefficient ( Og g ) 0.0298 0.0017 -0.0502 0.0274

*1% significance level, **5% significance level, ***10% significance level

The non-existence of significant spillovers in these countries indicates the
existence of a potential for diversification between stock markets and currency
markets. This could be translated as follows: when the stock market is affected by
a shock or economic hit, this effect will tend to be isolated; therefore, there is no
transmission effect to the currency markets or in the opposite direction.
Surprisingly, these results show that the volatility of stock returns is not a
determinant of the volatility of the exchange rate, suggesting the non existence of
integration between these two markets. The results also indicate that volatility
information contained in stock prices does not impact on the behaviour of

exchange rates in these markets.

In terms of volatility spillovers from exchange rates to stock markets, it is
found that the estimated coefficients are insignificant for all the countries for the
entire period, and that they are insignificant as well for the pre-EU period with the
exception of Poland. Identical results are found for the post-EU period; in this

case, Hungary is the exception, where a significant coefficient is found.

4.1.4.2.4 Asymmetric Spillovers

Finally, and in order to conclude the presentation of this analysis’s major
findings, the results for the asymmetric spillover effects from stock returns to
exchange rates are presented in tables 4.6 to 4.8 (rows five and eleven).

The results show that the coefficients are significant in the case of

asymmetric spillover effects from stock returns to exchange rates and from

exchange rates to stock returns in all the countries for all time periods. The
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positive sign on all significant coefficients indicates that unexpected good news

on stock returns has a greater impact on volatility than unexpected bad news.

TABLE 4.8: Volatility Spillovers between Stock Returns and Exchange Rate Changes: Post

Europe (after 2004)
Estimated Parameters Hungary Czech Republic Slovakia Poland
Volatility Persistence 0.2103 0.2615 0.2310 0.1426
(Stock Returns) ( Z bs ) (0.000)* (0.000)* (0.003)* (0.000)*
Spillover: from Stock Returns to 20.0352 01821 0.0364 0.0212
Exchange Rates ( z §S,E ) (0.471) (0.000)* (0.466) (0.383)
Asymmetric Spillover effect: From
Stock Returns to Exchange Rates 0.9592 0.8801 0.8658 0.9907
0.000)* 0.000)* 0.000)* 0.000)*
(ZQS,E ) ( ) ( ) ( ) ( )
Volatility Persistence 0.0828 0.0873 0.2150 0.0623
(Exchange Rates) ( Z bE ) (0.111) (0.037)** (0.002)* (0.306)
Spillover: from Exchange Rates to Stock 0.1459 -0.0087 20.0134 01261
Returns ( z 55 £) (0.003)* (0.763) (0.827) (0.013)**
Asymmetric Spillover effect: From
Exchange Rates to Stock Returns 0.9654 0.9648 0.9690 0.8495
0.000)* 0.000)* 0.000)* 0.000)*
(ZQS,E ) ( ) ( ) ( ) ( )
Correlation Coefficient ( Og g ) -0.084 -0.012 0.045 0.0142

*1% significance level, **5% significance level, ***10% significance level

A possible explanation for this is that good news on stock prices may have

a greater impact on demand for currency, which increases volatility, as foreign

investors want to increase holdings of rising stock. Also, good news on exchange

rates may have a greater impact on demand for stocks as investors switch between

holdings of stocks and currency, so impacting on stock market volatility.

4.1.4.2.5 Diagnostic Tests

The Jarque-Bera (JB) test indicates that the null hypothesis of residuals

normally distributed is rejected in almost all the cases (justifying the use of

Bollerslev-Wooldridge robust t-statistics). The only exception was found when

analysing the residuals for the exchange rate equation in the post-EU period for

the Czech Republic and Poland where the residuals are normally distributed,
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results that are quite surprising as a non-normal distribution tends to be common
in these series.

The Ljung-Box statistics for all three periods and for all countries indicate
that there are no residual linear dependencies, with two exceptions. There is linear
dependency in the stock return equation for Hungary and Slovakia for the total
sample, although for the pre-EU period and post-EU period separately the

dependencies are absent.

4.1.4.2.6 Conclusions

The aim of this section has been to provide empirical evidence of the
linkage between volatility of stock prices and volatility of exchange rates for four
East European countries (Hungary, the Czech Republic, Slovakia and Poland).

The empirical results show that volatility in stock returns and exchange
rates tended to decrease after the countries joined the European Union. These
results could be explained by the fact that transition economies start their
stabilization process by influencing exchange rates, when they move from a
floating exchange rate regime to a fixed exchange rate regime. In the present case,
it is obvious that these countries have moved into a fixed regime, as they had to
peg their currency to the Euro. This whole process results in a decrease in the
exchange rate volatility that is clearly reflected by the results after the countries
have joined the EU. Fixed exchange rates regimes are strongly associated with
open economies countries, which increases their credibility in the financial
markets, and creates attractive conditions for potential investors. The recent years
in terms of exchange rates policies for these countries have been marked by a
major trend: an increasing orientation of the exchange rate prices policies towards
the Euro, where the exchange rates of these economies have been pegged to the
European currency (Egert and Lahroche Revil, 2003).

In terms of volatility spillover effects from stock returns to exchange rates

returns, there are no significant spillovers in these countries. This suggests the non
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existence of integration between these two markets. When analysing the spillover
effects from exchange rates to stock markets it is found that there is a lack of
significant spillovers from exchange rates to stock returns, a situation that can be
explained as suggested by Jorion (1990); according to that author, the positive
exchange rate volatility on stock returns for some firms offsets negative exchange
rate volatility for other firms, to give an insignificant effect afterwards.

Finally, asymmetric spillover effects are found to be relevant for all the
countries, from stock returns to exchange rates, with all the coefficients having
positive signs. This is interpreted as follows: good news has a greater impact on
volatility than unexpected bad news.

The results show that the lack of volatility spillovers between stock
markets and exchange rates in most of the countries creates the perfect conditions
for investors in terms of diversifying their portfolios in the East European

countries that have been analysed.

4.1.5 Analysis and Conclusions

The objective of this chapter’s first section has been to provide empirical
evidence of the relationship between equity markets and currency markets in four
key emerging economies in Eastern Europe. The most important characteristic of
this research is that it has included the study of East European countries that have
not been analysed in this field before.

The main findings from the bivariate analysis could be summarised as
follows: the results show that the individual pair wise analysis does not identify a
cointegration relationship in the majority of the countries included in the sample
when exchange rates and stock prices are analysed. A comparison done with the
results of the Johansen cointegration technique finds that the results are
consistent. They confirm the non existence of cointegration relationships in

almost all the cases.
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The causality test is not able to identify a causal relationship running from
stock prices to exchange rates or vice versa. In a few cases only, the results show
evidence of an unidirectional relationship, although the results are not very
helpful in clarifying the causal relationship between these variables due to the fact
that two different methodologies were implemented. Therefore, it is possible to
state that these two markets seem to be unrelated.

The trivariate analysis results show consistency with the bivariate analysis,
indicating that there is no long-term relationship between exchange rates and
stock markets. The findings are thus consistent with the general results that have
been obtained analysing interlinkages between stock and currency markets, where
different countries have been analysed and where the major findings showed that
there is no significant evidence of a long-term relationship between stock prices
and exchange rates (see for example: Smyth and Nandha (2003), Nieh and Lee
(2001), Bahamani-Oskooee and Sohrabian (1992) and Grambovas (2003)).

The results from the causality tests indicate that normally movements in
the exchange rate cause movements in stock prices; thus, causality is
unidirectional with very little evidence of bidirectional causality running between
exchange rates and stock markets in most of the countries and cases of analysis.
The results prove that there is a low integration process in the area, and that these
markets are not yet integrated with the world financial markets.

Finally, the last sub-section of the chapter examined the volatility linkages
between stock returns and exchange rates in the four emerging East European
markets. Two main periods were examined, corresponding to the pre-EU (1996-
2004) and the post-EU (2004-2006) periods. The findings show evidence of
unidirectional volatility spillovers. The coefficients for spillover effects from
stock returns to exchange rates appear to be significant in almost all the cases for
the three periods of analysis, but there are a few exceptions with regard to the
above mentioned results.

Volatility spillovers from exchange rates to stock returns appear as not

being significant in almost all the cases. The evidence shows that movements of
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stock prices will affect future exchange rates movements while changes in
exchange rates have less of a direct impact on future changes of stock prices.
Taking into account that this thesis analyses different countries, it is worth
mentioning that the general conclusion in the existing literature when analysing
volatility relationships between stock returns and exchange rates changes tends to
be consistent, and tends to how that a unidirectional relationship exists from stock
returns to exchange rates; it is in this context where this research findings tend to
be consistent with the other authors’ findings.

Relationships between equity returns and exchange rates are of particular
interest for academics and practitioners due to the fact that these two variables
play a crucial role in portfolio and risk management. Equity returns and exchange
rate movements may be used to hedge portfolios against currency movements,
while risk management will have to take into consideration the linkages between

these two markets in order to design appropriate strategies.

4.2 ASIAN EQUITY MARKETS

4.2.1 Introduction

The main objective in this section is the study of volatility spillovers
between stock returns and exchange rates in five Asian emerging economies
(Hong Kong, South Korea, Singapore, Taiwan and Thailand), and in particular,
the changes that took effect during the Asian financial crisis. The reason for
conducting such a study is the need to understand if this economic event did
generate effects in the relationship between stock returns and exchange rates
changes in other major economies around the world. The Asian emerging markets
deserve special attention due to the fact that these countries are gaining in
economic importance, and also because they are increasingly linked to other
regions, in particular to the EU. More recently, these countries have been

developing new alliances with Latin American countries, where Chile and Mexico
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are considered key economies that will play a crucial role in their relationships in
the coming years. The main interest of this section is the analysis of interlinkages
between these two markets in emerging economies. In particular, the author is
very keen in knowing if the economic crisis that hit this part of the world during
1997 to 1998 also propagated around the world, hitting other countries and
affecting other markets. During the current times of financial turmoil and
economic distress, where high levels of uncertainty have spread among investors,
and where the world economies seem to be moving into a downward spiral, it is
very important to get a better understanding of the financial markets relationships.
Accordingly, a better knowledge of the real behaviour of the major financial
markets in the world could help governments, investors, academics and
practitioners to design more effective economic and investment strategies. The
author’s particular interest in the Asian countries is justified by the rapid
development that these economies experienced since the 1960s, when they were
then newly-industrialised emerging economies. Taking all these facts into
consideration, the author is very interested by the fact that during the 1990s these
countries started to face increasing economic problems that culminated with the
Asian financial crisis in July 1997 to December 1998. After this event took place,
it is very important to note that this part of the world was able to recover quite
quickly. Therefore, it is considered of relevance to research the existence of
potential benefits derived from the allocation of capital in these markets during
times of uncertainty, as it could be likely that investors could benefit from lower
losses during times of financial and economic distress. The other major reason for
considering the Asian financial crisis is the analysis of the dimension that this
event could have had on other markets, and in particular on some commodities
markets, like precious metals and oil markets.

But before the empirical findings are presented and discussed, it is worth

highlighting the special characteristics of the Asian markets'®, and how they

'"® The Asian financial crisis is an important event and this thesis just provides some brief
comments about it. More information can be found in the following research papers: Corsetti,
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evolved after this shock took place. Firstly, the Asian countries under analysis
experienced an incredible economic and financial revolution during the 1960s.
For example, South Korea went from being a poor nation to being transformed
into an economically driven power house. During 1963, the country experienced
an economic reform that shifted the nature of its economic relationships with the
rest of the world. South Korea moved from an inward economy to an outward
one, emphasizing its exports. According to government reports, over the next
forty years, South Korea’s per-capita GDP grew by a factor of 10, which is more
than the US has accomplished over the past century. But this transformation was
not just confined to this country; other East or South East Asian countries such as
Hong Kong, Taiwan, Singapore, Malaysia, Thailand, Indonesia and China
accompanied South Korea in this process of economic and financial development
at different points in time. Therefore, these countries entered into a phase of
economic growth that allowed them to move from being considered as Third
World countries, onto the adoption of the most developed economies’ practices.

The economic situation of these countries was very healthy prior to the
1990s, when they financed most of their high investment from domestic savings.
However, after 1990s substantial financial outflows took place in the developing
Asian countries and they began to run large current account deficits as a share of
GDP. At this stage some economists worried that the high deficits would have the
same effects as it did Mexico in the late 1994. Others attributed the large capital
flow and rapid growing rate to the macro-economically stable economies that
gave rise to expectations of profitable investment opportunities in the area.

In 1997 these Asian economies experienced a severe financial crisis,
where three major weaknesses stood out: 1) a productivity slow down, i1) weak
banking regulations, and iii) the lack of a legal framework. Some of these
problems were shared with Latin American Countries, and looking to recent

events, this is exactly what has started to unfold since 2008, when the world

Pesenti, and Roubini, (1998), Marshall (1998), Radelet and Sachs (1998), Zuang and Dowling
(2002).
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economy started to show signs of economic slowdown, and where weak banking
regulations and legal frameworks are major causes of the economic crisis.

It is commonly thought that the Asian economic downturn started in July
1997, with the devaluation of the Thai baht. During the first half of 1997
speculation on the devaluation of the baht led to an accelerating loss of foreign
currency, and on July 2, 1997 the government attempted a controlled 15 per cent
devaluation that led to speculation against the currencies of Malaysia, Indonesia
and eventually South Korea. At that moment, the Asian economies were facing
many troubles that resulted in a dramatic reversal of their current accounts
positions, mostly due to the huge drop in imports, as their economies contracted.
The currencies eventually stabilized and interest rates decreased; however, there
were spillovers from the region’s slump that caused slowdowns or recessions in
several neighboring countries like Hong Kong, Singapore, New Zealand and
Japan, and also in parts of Europe and Latin America. China and Taiwan went
largely unscathed in the crisis, being able to maintain capital controls and having
current accounts surpluses over the pre crisis period.

Fortunately, the downturn was V-shaped, and after the sharp output
contraction in 1998 growth rates returned in 1999, supported by the depreciated
currencies that spurred higher exports.

This brief analysis of the events that took place during the Asian financial
crisis highlights the importance of understanding these markets behaviour and
their linkages with the rest of the world markets. This is especially true nowadays,
where it is believed that the world economies are facing the most important
downturn since the Great Depression. Taking these facts into consideration, it is
this thesis’s objective to analyse the interactions between stock markets and
currency markets during this period. Consequently, and as has been discussed in
previous chapters, the major expectations are to find evidence of independent
behaviour between these two markets in the emerging economies. This would
imply that investors will have greater profit opportunities through diversification

and for investment protection and risk reduction during times of financial distress
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in these markets, if the a priori suspicions of independence are then confirmed.
The rest of the chapter is organised as follows: the next subsection presents and
discusses the main empirical results and finally, the section concludes with a

discussion of the importance of the findings.

4.2.2 Empirical Results

This analysis is being conducted with the ultimate purpose of investigating
volatility spillovers between stock returns and exchange rate changes for five
Asian markets namely, Hong Kong, South Korea, Singapore, Taiwan and
Thailand, for the period 1 January 1997 to 7 July 2006. The data set consists of
daily closing values for the Hang Seng, Strait Times, Korea SE Composite,
Taiwan Se Weighted, and Thailand SE TISCO stock market indices, and the
Hong Kong$, Singapore$, South Korea Won, Taiwan New Dollar and Thai Bhat
foreign exchange rates against the USS. The final sample has a total of 2485

observations.

4.2.2.1 Descriptive Statistics

The descriptive statistics for stock returns and exchange rates summarise
the statistical characteristics of the sample. For the entire period, the sample
means of stock returns are positive for all countries except Taiwan as well as
being positive for Hong Kong and South Korea during the Asian crisis period
(1997-1998) and negative for the other countries in the crisis period. These results
reflect how the financial crisis impacted in different ways on the five economies.
As was mentioned in the previous sections, these countries suffered in a different
manner during the economic downturn, due to the main financial and economic
differences between them. In the post crisis period, the mean of all stock returns
was positive. The highest mean returns were for South Korea at 2.78 per cent

followed by Thailand at 1 per cent for the entire sample; during the crisis period,
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they were highest for Hong Kong and Korea, and for the post crisis period they
were highest for Singapore, followed by Korea and Hong Kong, with Taiwan
having the lowest mean returns in the post crisis period. The standard deviations,
that are an initial measure of volatility, of the stock returns range from 0.7 per
cent to 2.7 per cent for the entire period and from 0.5 per cent to 3.2 per cent in
the crisis period and 0.03 per cent to 1.9 per cent in the post crisis period,
indicating that the volatility of stock returns in general were lower in the post
crisis period than during the financial crisis. As expected, the standard deviations
show how the stock returns were more volatile during the crisis, reaching a level
of 3.2 per cent. As it is possible to observe, before the crisis was officially
declared, the standard deviation of the stock markets returns of this area was
moving around 2.7 per cent, and this could be interpreted as a sign of instability
appearing in the early years. Both the skewness and kurtosis coefficients indicate
that stock returns are leptokurtic relative to the normal distribution. The Jarque-
Bera test also rejects the hypothesis that stock returns are normally distributed in
all countries.

The descriptive statistics for the exchange rate returns show that the
sample means are positive for all countries for the entire period except for Taiwan
and Korea; for the crisis period, the means were negative only for Taiwan and
Thailand, and for the post crisis period they were negative only for Korea and
Singapore. The volatility of exchange rate returns ranged from 0.04 per cent in
Hong Kong to 1.06 per cent in South Korea for the entire period; volatility was
higher during the crisis period than during the post crisis period for all countries.
In relation to the volatility of the exchange rates changes, this appears to be lower
than the volatility experienced by the stock returns in these markets, which is
quite surprising as the markets problems started with the devaluation of their
currencies. This early information is important, because at this early stage it
seems that these markets could be behaving slightly differently to the shock.

Again the skewness and kurtosis statistics indicate that the distribution of
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exchange rate returns are non-normal and the Jarque-Bera test also rejects the
hypothesis of normally distributed returns for all periods and for all countries.

The results from the ADF tests indicates that we can reject the null
hypothesis of the existence of unit roots in levels for all variables in all periods
indicating that all series are 1(0)."

In relation to the EGARCH (p,q) model, we have decided to verify which
model would better explain the relationship between the variables. In this case the
same procedure that was attempted when analysing the East European countries is
followed, therefore, it was decided to run the EGARCH (1,1) and EGARCH (2,1)
for each case, and using the Maximum Likelihood function (the whole procedure
is explained in detail in the Methodology section), that enables us to select the
better model for each case. This is done in order to get the most robust results.
The results indicate that for the entire period the EGARCH (2,1) is selected in the
case of Hong Kong, Taiwan and Thailand for stock prices, and for Hong Kong,
South Korea, Taiwan and Thailand in the case of exchange rate changes. The
EGARCH (1,1) model is selected for South Korea and Singapore for stock prices
and for Singapore for exchange rate changes. For the crisis period, the EGARCH
(2,1) model is chosen for stock prices for Hong Kong and Singapore and the
EGARCH (1,1) for Singapore, Taiwan and Thailand. In the case of exchange
rates for the crisis period, the EGARCH (2,1) is the selected model for Korea and
Thailand, and the EGARCH (1,1) for Hong Kong, Singapore and Taiwan. For the
post crisis period, the EGARCH (2,1) is selected for stock prices for Hong Kong
and Taiwan, as well as for exchange rates for Hong Kong, Singapore, Taiwan and
Thailand; the EGARCH (1,1) is selected for stock prices for the post crisis period
for Korea, Singapore and Thailand, and for exchange rates for Korea.

The estimated parameters from the EGARCH estimation are set out in
tables 5.1 to 5.3 (see following pages) for the total sample, the crisis period and

the post crisis period respectively.

' The LMF test results indicated that the ADF tests were free from serial correlation; for brevity
the test results are not showed here, but can be found in Appendix E.
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4.2.2.2 Volatility Persistence

First, in relation to the coefficients on the volatility persistence term, the
results presented in tables 4.9 to 4.11 (rows one and four in each table) indicate
that there is significant persistence in stock returns volatility for South Korea,
Singapore and Thailand, while the coefficient is insignificant for Hong Kong and
Taiwan for the entire period. During the post crisis period, it is found that the
coefficient is significant in the case of South Korea, Singapore, Taiwan, and
Thailand, whereas with regard to Hong Kong there is no evidence of volatility
persistence. For the crisis period, the persistence of volatility is significant for
Hong Kong, South Korea and Taiwan; in relation to Singapore and Thailand the
coefficients are not significant. When analysing the exchange rate equation,
related to the total sample the coefficients are significant in the case of all
countries; regarding the crisis period, volatility persistence is significant for all
countries except Taiwan and Thailand and for the post crisis period for all

countries except Taiwan and Thailand.

Table 4.9: Volatility Spillovers Between Stock Returns and Exchange Rate Changes: Total Sample

Estimated Parameters Hong Kong South Korea Singapore Taiwan Thailand
Volatility Persistence -0.0073 0.1126 0.1892 0.0195 0.6658
(Stock Returns) ( Z bs ) (0.9053) (0.000)* (0.000)* (0.7407) (0.000)*
Spillover: from Stock Returns to Exchange -0.0610 -0.0367 -0.0568 -0.0655 -0.1567
Rates ( Z 5555 ) (0.000)* (0.0203)** (0.0084)* (0.000)* (0.1087)
Asymmetric Spillover effect:From Stock 0.9888 0.9931 0.9874 0.9813 0.8159
Returns to Exchange Rates ( ng,E ) (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Volatility Persistence 0.4119 0.5357 0.1210 0.6394 0.4119
(Exchange Rates) ( Z bE ) (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Spillover: from Exchange Rates to Stock -0.0355 0.0413 0.0180 -0.0448 -0.0355
Returns ( 255,E ) (0.3960) (0.2273) (0.2142) (0.3973) (0.3960)
Asymmetric Spillover effect:From: Exchange 0.9874 0.9809 0.9927 0.9240 0.9874
Rates to Stock Returns ( z 495,5 ) (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
-0.037 -0.095 -0.136 -0.146 0.109

Correlation Coefficient ( Og ¢ )

*1% significance level, **5% significance level, ***10% significance level

Wu (2005) notes that a necessary condition for the volatility persistence

terms to be stable and consistent in the model is that the value of the estimated
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coefficients should be less than one; otherwise the model would be presenting
instability and the results would not be reliable regarding their interpretation. For
the current findings, this condition applies to all the results in almost all the cases
except for Hong Kong exchange rates during the crisis and post crisis periods and
for Taiwan stock returns during the post crisis period. These results therefore
provide support that the model used for the analysis is an appropriate one and that
in most of the cases, the information that was obtained from the estimation is
consistent and reliable. Thus, it can be concluded that volatility persistence is an
important characteristic of the world’s major markets, and consistently these
Asian emerging financial markets are showing similar results. The results are also
consistent with the ones that were obtained when analysing East European
markets and they reflect that when markets suffer from a shock the effects tend to

last, which is also explained by volatility clustering behaviour.

4.2.2.3 Volatility Spillovers

In terms of the coefficients for the volatility spillover effects from stock
returns to exchange rate changes, the results presented in tables 4.9 to 4.11 (rows
two and five) show that there are some significant differences between the results
for the three time periods. All coefficients are significant for the entire sample.
During the crisis, the coefficients are significant for Korea, Singapore and
Thailand while for the post crisis period, volatility spillovers from stock markets
to exchange rates were only significant for Hong Kong.

The significant coefficients indicate that the volatility of stock returns was
a determinant of the volatility of the exchange rate, as well as, indicative of
integration between stock markets and exchange rate markets. Furthermore,
where significant, the results indicate that volatility information contained in

stock prices impacted on the behaviour of exchange rates in these markets.
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Table 4.10: Volatility Spillovers Between Stock Returns and Exchange Rates: Crisis period

Estimated Parameters South Korea Singapore Taiwan Thailand
Hong Kong
Volatility Persistence 0.3065 0.6575 0.1607 0.1855 0.1652
(Stock Returns) ( z bs ) (0.025)** (0.0056)* (0.018)** (0.000)* (0.065)%**
Spillover: from Stock Returns to Exchange 0.1325 0.1091 -0.1598 0.0030 -0.1742
Rates ( Z§S,E ) (0.000)* (0.0023)* (0.000)* (0.9396) (0.001)*
Asymmetric Spillover effect: From Stock 0.9970 0.9879 0.9673 0.9849 0.8526
Returns to Exchange Rates ( Z 95,5 ) (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Volatility Persistence 1.0078 0.5219 0.5664 0.2043 -0.2545
(Exchange Rates) ( z bE ) (0.000)* (0.000)* (0.000)* (0.0252)** (0.646)
Spillover: from Exchange Rates to Stock 0.0318 0.0425 0.0635 -0.1279 0.4472
Returns ( 255,5 ) (0.872) (0.5217) (0.341) (0.0116)** (0.526)
Asymmetric Spillover effect: From 0.7190 0.9868 0.9640 0.9773 0.7155
Exchange Rates to Stock Returns (0.000)* (0.000)* (0.000)* (0.000)* (0.005)*
Q. 0se)
0.000 0.222 -0.212 0.213 0.040

Correlation Coefficient ( Og g )

*1% significance level, **5% significance level, ***10% significance level

The lack of significant spillovers in the post crisis period in all markets at
the 1 per cent significance level could indicate that governments were able to
learn quickly from what happened during the time of instability and therefore,
they could implement policies that allowed them to isolate their currencies from
fluctuations in their markets, and especially portfolio managers were able to
implement hedging strategies that reduced their exposure to risk. These findings
are quite relevant, as they indicate potential for diversification between stock
markets and currency markets in these countries.

In terms of volatility spillovers from exchange rates to stock markets, it is
found that for the entire period the coefficients are insignificant for all the
countries. An identical situation is shown for the crisis period, where it is found
that all the estimated coefficients are insignificant, while in the post crisis period,
significant volatility spillovers from exchange rates to stock markets were found
for Hong Kong, Taiwan and Thailand. The lack of significant spillovers from
exchange rate changes to stock returns found here for some countries is consistent
with the results that were put forward by authors like Yang and Doong (2005)

when analysing Asian economies.
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In addition to this, the use of instruments to hedge exchange rate risk may
reduce the impact of exchange rate volatility on stock markets. Grant and
Marshall, (1997), and Bodnar et al. (1995) note that the use of hedging
instruments to ameliorate exchange rate risk is pervasive amongst larger
companies who are the main components of national stock markets indices. The
lack of significant spillovers from exchange rates to stock markets in the post
crisis period may thus be indicative of the wider use of hedging techniques by
firms listed on the stock markets in these countries than during the crisis; it is also
likely that the crisis itself may have contributed to more extensive use of hedging
against foreign exchange rate risk.

In this case, the author agrees with the possibility of the offsetting effects
generated by the actions of investors in the markets. As the results show, there
was evidence of some spillovers before the Asian crisis; therefore, a learning
process took place during this time period. Investors became aware of the
influence of currency markets on the stock markets and therefore, they started to

apply sophisticated hedging techniques to eliminate or minimise their exposure to

this kind of risk.

4.2.2.4 Asymmetric Spillovers

For the asymmetric spillover effects from stock returns to exchange rates,
the results are presented in tables 4.9 to 4.11 (see row three and six), and it is
found that there are significant coefficients for all countries and for all time
periods.

Similarly, the asymmetric spillover effects from exchange rates to stock

prices are significant for all countries and for all time periods.
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Table 4.11: Volatility Spillovers Between Stock Returns and Exchange Rates: Post crisis period

Estimated Parameters Hong Kong South Korea Singapore Taiwan Thailand
Volatility Persistence -0.0895 0.1903 0.0919 1.6651 0.3466
0.276 0.000)* 0.000)* 0.000)* 0.000)*
(Stock Returns) ( Z bS ) ( ) ( ) ( ) ( ) ( )
Spillover: from Stock Returns to Exchange -0.0296 -0.0434 -0.0376 -0.1362 -0.0311
0.035)** 0.116 0.052)*** 0.003)* 0.5694
Raes (3 o e ) (0.035) (0.116) (0.052) (0.003) (0.5694)
Asymmetric Spillover effect: From Stock 0.9920 0.9811 0.9918 1.0019 0.9558
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Returns to Exchange Rates ( z o SsE)
Volatility Persistence 1.6849 0.1124 0.4703 -0.0577 -0.0580
0.000)* 0.000)* 0.000)* 0.377 0.368
(Exchange Rates) ( Z bE ) ( ) ( ) ( ) ( ) ( )
Spillover: from Exchange Rates to Stock -0.7321 -0.0066 0.0341 -0.0625 -0.0627
0.000)* 0.687 0.200 0.000)* 0.000)*
Returns ( z See) (0.000) (0.687) (0.200) (0.000) (0.000)
Asymmetric Spillover effect: From 0.7373 0.9521 0.9302 0.9825 0.9834
Exchange Rates to Stock Returns (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Q05 )
-0.006 -0.045 -0.023 0.004 -0.077

Correlation Coefficient ( Og ¢ )

*1% significance level, **5% significance level, ***10% significance level

The existence of insignificant coefficients indicate that the spillover
effects in these instances are symmetric; in other words, positive and negative
shocks have the same impact on volatility, or a decrease in stock returns has the
same impact on exchange rate volatility as an increase in stock return. The
positive sign on all significant coefficients indicates that unexpected good news
has a greater impact on volatility than unexpected bad news. One possible
explanation for this is that good news on stock prices may have a greater impact
on demand for currency so increasing volatility as foreign investors want to
increase holdings of rising stocks; good news on exchange rates may have a
greater impact on demand for stocks as investors switch between holdings of
stocks and currency, so impacting on stock market volatility. The correlation
coefficients for the standardised residuals from the stock and exchange rate
equations are significant for Korea, Taiwan and Singapore for the entire period
and the crisis period indicating significant contemporaneous relationships
between the two markets in these countries for these periods. The only significant

correlation for the post crisis period is for Thailand.
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4.2.2.5 Diagnostic Tests

The diagnostic test performed in this analysis indicates that when looking
to normality behaviour, the Jarque-Bera test indicates that we reject the
hypothesis that the residuals are normally distributed. This finding, and as
happened with the East European analysis, justify the use of the Bollerslev-
Wooldridge robust t-statistics that will make the results stronger. The Ljung-Box
statistics for all three periods for all countries indicate that there are no residual
linear dependencies. The exceptions to this is the existence of a linear dependency
in the exchange rate equation for Singapore and Thailand, in the stock return
equation for Thailand, for Thailand and South Korea in the exchange rate
equation for the total sample, and for Singapore for the crisis sample. It should be
noted that for the crisis and post crisis periods separately, the linear dependencies

are absent*’, with the exception of Singapore.

4.2.3 Analysis and Conclusions

This section sets out to examine the volatility linkages between stock
returns and exchange rates in a number of Asian markets that encompass newly
industrialised as well as emerging economies such as Thailand.

The whole period 1997-2006 is studied, as well as sub-periods so as to
compare and contrast the volatility linkages between the two markets during the
Asian financial crisis. The main results indicated that for most markets, there
exists significant persistence in the volatility of both exchange rates and stock
returns in all periods, a characteristic that has been found to be common in the
general literature when analysing interlinkages between these two variables. In
addition to this, the results showed significant volatility spillovers between stock
returns and exchange rates during the crisis period for Hong Kong, South Korea,

Singapore and Thailand. While Wu (2005) investigates this relationship for a

20 Kanas (2000) found similar linear dependencies for the UK in the stock return equation.
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number of Asian countries, his sample ends in 2000; the current results are
broadly consistent with those for the crisis period even though in this study the
crisis sample period is slightly different than the one used by Wu (2005).
However, there are some differences in this investigation findings for the post
crisis period; in particular and in contrast to Wu (2005) there are no volatility
spillovers between the stock and currency markets in Korea, Taiwan and Thailand
and no volatility spillovers from currency markets to stock markets in South
Korea and Singapore.

The results overall indicate that since the Asian financial crisis, there
exists significant scope for investors and portfolio managers to diversify their
assets between stocks and currencies in these markets. In particular, the lack of
volatility spillovers between stock markets and exchange rates in most of the
countries (South Korea and Thailand for the entire period, Taiwan during the
crisis period and Hong Kong, South Korea, Singapore and Thailand for the post
crisis period), and between exchange rates and stock markets in all countries with
the exception of Hong Kong, Taiwan and Thailand in the post crisis period
indicates that there is scope for investors to diversify their investments in these
markets.

When doing a comparative analysis of the major findings for East
European and Asian emerging economies, there is a need to highlight that some of
the markets analysed are still immature, and they are undertaking fiscal and
monetary policy adjustments that allow them to reflect most developed markets’
characteristics. They also share a common pattern with regard to the lack of
interlinkages between stock returns and exchange rates which makes these
economies’ financial markets attractive with real potential with regard to the

making of profits derived from diversification strategies.
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4.3 LATIN AMERICAN EQUITY MARKETS

4.3.1 Introduction

Throughout this section, the research focuses on the Latin American
economies that are other emerging markets showing interesting economic
developments. Along with Eastern Europe and Asia, Latin America has been
deemed a very attractive destination for extending markets in terms of the variety
of choices that investors will have when designing their portfolios; in addition to
this, governments should analyse the Latin American emerging economies in
order to identify new investment opportunities that incentivise national
companies’ business expansions. This issue is considered of high importance,
especially within the European Community, where currently Spain is the second
biggest international investor in the area after the US, and is the main investor
from the EU, accounting for more than 40 per cent of the total investment (Galan
and Benito, 2006). In particular, Spanish multinationals such as Telefonica,
Endesa, Banco Santander and BBVA have invested very aggressively in Latin
America. Spain has invested a lot of capital in the electricity, communications,
and financial sectors in countries such as Brazil, Argentina, Chile, Mexico,
Colombia and Venezuela; therefore, the a priori expectations are to find evidence
of strong linkages between these economies and the Spanish currency.

Given this scenario, it is of great interest to identify the role of the Spanish
currency in the area before and after the introduction of the Euro. It is obvious
that with the introduction of the Euro, it became more difficult to appreciate and
detect any interaction or linkage that could exist between the Spanish currency
market and the Latin American economies as the Euro dilutes the Spanish
currency representation in these economies. It is well known that Latin American

economies are facing important challenges to align their economies with the rest
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of the developed world’s economies, in order to become more integrated with
these markets.

In spite of major financial crises like Mexico (1994), Brazil (1998) and
Argentina (2001), the Latin American region has been able to maintain a
commitment to macroeconomic stability during the 1990s, which together with
the growing liberalization of markets have driven the area to a high level of
integration (Mercosur and NAFTA). Even though Latin America has made much
progress over the last 20 years, in terms of liberalization, integration and
modernization, it still has a long way to go. But it is expected that this region will
become a prime destination for foreign direct investment for both the US and the
EU. Regional integration such as NAFTA and Mercosur, and Free Trade
Agreements (FTAs) have been flourishing in this region since the 1990s.

On the other hand, Asian countries have continued expanding their trade
through market integration by means of formal agreements based on regional
schemes such as APEC and AFTA (Hosono and Nshijima, 2003). This expansion
has been reflected during the last few years, where a country like Japan has
showed an increasing interest in bilateral FTAs between Latin America and Asia
(Japan-Mexico and Japan-Chile FTA discussions). Latin American countries also
have been seeking to extend their relationships with Asian countries. In particular,
Mexico and Chile are showing strong commitment and enthusiasm in forming a
bilateral framework with the Asian region. Negotiations with Japan and South
Korea have become a core focus for Mexico, who is looking for less dependency
on the US economy. Japan, South Korea and other East Asian countries are
increasingly more convinced of the need to strengthen their links and cooperation
with Latin America, since North American and European countries are moving in
this direction. Indeed, East Asian countries substantially lag behind the US,
Canada and European countries in their foreign direct investment in the region.
Therefore, East Asian firms are in a disadvantageous position in terms of

competition in the area of trade and investment with US and EU firms. In addition

111



Interlinkages between Equity, Currency, Precious Metals and Oil Markets: an Emphasis on Emerging Markets

to this, it should be mentioned that Latin America has always been important for

Asian countries because of its abundant resources of minerals and foodstuffs.

After taking all these facts into consideration it is quite clear that the
emerging economies in the Latin American and Asian regions will be major
economies to consider in the future. Therefore, the current analysis will be
focusing on stock returns and exchange rates changes interlinkages, where special
attention will be paid to the Euro and the US dollar effects on these markets. The
reason for introducing the Euro into the study is explained by the Spanish
presence in these markets as was discussed above. Accordingly, it was decided to
divide the sample into three different periods of analysis, so this partition would
identify if the Spanish currency did generate an influence in these markets before
the introduction of the Euro. The a priori expectations are that this should be the
case; therefore, after the virtual introduction of the Euro in the financial markets
in 1999, it is expected that the Euro would not be able to reflect the importance of

the Spanish currency in these markets.

The rest of the section is organised as follows: first the analysis starts with
the presentation and discussion of the empirical findings and concludes by

highlighting the major implications of the results.

4.3.2 Empirical Results

This analysis focuses on the period 1 January 1998 to 31 December 2006°'
which will be split into three sub samples in order to provide greater detail and a
better understanding of volatility spillovers between stock returns and exchange
rates. Thus the first sub sample analyses 1998, the period prior to the introduction

of the Euro. There is also an interest in examining whether the first years of the

! In the case of Colombia, it was not possible to present results before 2002 as DataStream only
provided data for the CSE Index after July 2001. All the results are presented in Appendix F.
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introduction of the Euro affected the relationship between the variables; thus, the
sample is also split into two sub periods as follows: 1999-2001 covers the period
when exchange rates were fixed against the Euro but the currency was not
physically introduced, and 2002-2006 covers the period when the Euro was
physically introduced in the markets. The motivation for doing this kind of
analysis is based on the author’s belief of the possibility of highly volatile markets
during the first years of the European currency being settled in the financial
markets around the world. Therefore, it is evident that this event could have a
particular effect on emerging and world developed economies. Investors could
have felt a lack of confidence regarding the new currency, and therefore, this
could have been reflected in high levels of volatility in these markets. This
analysis is also relevant with regard to the emerging economies in the Asian
region, but considering that this research’s objective is to analyse the impact of
two different events that generated uncertainty in the markets, it was decided to
focus on analysing the effects of the Asian crisis on the Asian economies, and the
effects of the introduction of the Euro on the Latin American region’s economies,
which would provide different evidence of how these markets reacted to two
different events.

The data set consists of daily closing values for the stock market indices
in each country as follows: Argentina (Merval), Brazil (Bovespa), Chile (IGPA
Gen), Colombia (CSE Index), Mexico (IPC) and Venezuela (IBC). To analyse the
importance of the Euro, the Spanish market was introduced, and will be
represented by Spain’s (IBEX 35). Thus the sample will be formed by daily
closing values for the exchange rates of each country against the Euro, UKE,
Japanese Yen and the US§ and the Canadian$, and also by exchange rates of each
country versus the six Latin American exchange rates. These exchange rates have
been introduced into the analysis for the following reasons: i) first, the study will
analyse if there is any significant relationship between stock returns in this region
and the strongest currencies of the world; therefore, the Euro, British Pound,

Japanese Yen and the US and Canadian dollars are included in the analysis. ii)
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Second, and as was pointed out in the literature review, most of the studies have
devoted their attention to the analysis of the relationship between emerging stock
markets versus the American dollar; so this research is interested in knowing the
nature of the relationship between these markets and other major currencies. iii)
Finally, and as was also seen in the literature review, there is a clear lack of
studies analysing the interaction between stock markets and the exchange rates of
their neighbouring economies. Therefore, the author speculates that including
these exchange rates to examine whether volatility spillovers are stronger from
certain currencies, than others, would represent an important contribution to this
area of research. Data was taken from DataStream and the Federal Reserve

Statistic Release, giving a total of 2176 observations for each series.

4.3.2.1 Descriptive Statistics

The analysis begins by providing descriptive statistics for stock returns
and exchange rates.”> For the stock returns of each country for 1998, it is found
that the means are negative in all the cases, with the exception of the Spanish
stock market, IBEX 35. During 1999-2001 the performance of stock markets
generally improved with the sample means of stock returns positive for all
countries with the exception of Argentina (Merval) and Spain (IBEX 35). For the
2002-2006 period, the means of all the indices are positive and generally of a
higher magnitude than for 1999-2001, indicating further improved performance
over this period. The results obtained from the means analysis showed that before
the introduction of the Euro the markets were reacting by presenting negative
results. This could be explained by the effects of the Asian Financial crisis.
Afterwards, the markets present positive results, with the exception of Argentina,
an economy that suffered an economic downturn during 2001 that affected

therefore the performance of its equity and currency markets during this period.

22 All the results regarding our empirical test are available in the Appendix F. Only a few relevant
tables have been included through the thesis.
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The standard deviations of the stock returns provide information about the
volatility of the markets in each period. All stock markets exhibited higher
volatility during 1998 prior to the introduction of the Euro; the standard deviation
of stock returns in all markets declined during the 1999-2001 period, and was
lowest in all markets for 2002-2006. The standard deviation for 1998 ranged from
1.15 per cent (IGPA Gen) to 3.63 per cent (Bovespa) while for 1999-2001 it was
between 0.7 per cent (IGPA Gen) and 2.56 per cent (Merval) and between 0.6 per
cent (IGPA Gen) to 2.1 per cent (Merval). The high levels of volatility affect the
first subsample, and considering that this period includes the time when the Asian
financial crisis hit the markets, these results are not surprising. This means that
the Euro did not generate as much uncertainty in the markets as the Asian crisis
did. An interesting fact that needs to be mentioned is the behaviour of the Chilean
stock market, where its volatility was the lowest in all periods. On the other hand,
volatility in the case of Argentina was generally the highest, particularly in the
aftermath of the introduction of the Euro. As mentioned before, this effect has its
explanation in the particular circumstances of the Argentinean economy during
these years.

The descriptive statistics for the exchange rate returns are presented for
each country to capture the behaviour of the exchange rates on an individual
basis. Overall, there is a considerable variation in the sign and magnitude of the
means and standard deviations both over time, across countries and across the
various bilateral exchange rates that are included in the analysis.

In 1998, Mexico was the only country for which the means of the
exchange rates were positive in all instances; for Venezuela, they were positive
against all the ‘hard’ currencies while in Chile the means were negative for all of
the Latin American bilateral exchange rates. Although for Argentina, Brazil and
Venezuela the means were negative against the Colombian and Mexican Peso,
they were positive against the Chilean Peso. For all other countries, a mix of
positive and negative means across the bilateral exchange rates reflecting both

appreciations and depreciations of the various bilateral exchange rates during this
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period can be observed. As it was mentioned in previous paragraphs, during 1998
this region was suffering from the consequences of the Asian markets crisis, and
the impact that this event had in the Latin American region was not homogeneous.
Also, there is a need of being aware of the individual characteristics and level of
development of the economies of the countries in this region. These markets are
very different and are characterised by their lack of intra-regional integration;
therefore the information that is showed by the descriptive statistics is just a clear
reflection of these facts.

For the 1999-2001 period, Brazil was the only country where the means of
all exchange rate returns were positive while in the case of Chile they were all
negative; both Mexico and Argentina exhibited negative mean returns across all
bilateral exchange rates except for the Euro and Chilean Peso, with the return also
negative for Argentina against the Mexican Peso. Venezuela showed positive
mean returns against all the ‘hard’ currencies in contrast to the Euro where they
were negative; the Euro also showed positive mean returns against all the Latin
American currencies during this period with the exception of the Argentinean
Peso.

For the period since the Euro was introduced into circulation, all mean
returns were positive for Argentina, and almost all positive for Venezuela; Chile
and Mexico showed positive mean returns across all hard currencies excluding the
Euro. In fact, all Latin American currencies showed positive mean returns against
the Canadian dollar, the Japanese Yen and the British pound. While Brazil had
negative mean returns against all other Latin American exchange rates, for the
rest of the exchange rates in other countries, no discernable patterns are evident
and, as for the earlier periods, a mix of positive and negative means across the
other bilateral exchange rates reflecting both appreciation and depreciation of the
various bilateral exchange rates during this period can be observed.

With regard to the standard deviation of the exchange rates for the period
prior to the introduction of the Euro, for all countries volatility was generally

lowest against the US dollar and highest against the Yen, except for Argentina
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where volatility was highest against the US dollar and for the Spanish Peseta
where volatility was highest against the Columbian Peso. For the 1999-2001
period, again volatility for the Latin American bilateral exchange rates was
generally lowest against the US dollar and highest against the Brazilian Real. For
the Euro, the standard deviation of volatility was lowest against the British pound,
and highest against the Brazilian Real. For the final period of analysis, again the
standard deviation was lowest against the US dollar for most bilateral exchange
rates and highest against the Argentinean Peso. The magnitude of the standard
deviations were similar in the earlier two periods and showed a slight increase for
the final period. The results obtained from the analysis of the volatility associated
with these exchange rates reflect an overall low volatility regarding these
economies and the US dollar. This situation could be explained by the strong
trade and investment interlinkages that exist between this region and the
American economy. These facts drive these economies to pay a lot of attention to
their exposure to the US currency and therefore, they would be implementing
strategies and using tools, like hedging techniques, to minimise the effects of the
dollar depreciation or appreciation in their economies. Regarding the rest of the
currencies, each country would face different circumstances, depending on their
international relationships. In the cases where a high volatility exists because two
economies are not integrated, the controls regarding exchange rates movements
will be weaker in those markets. Therefore, there is a clear opportunity for
diversification between these economies.

The results from the ADF tests statistics indicate the rejection of the null
hypothesis of the existence of unit root in levels for all variables in all periods
indicating that all series are 1(0).*

In order to establish the correct lag length for the EGARCH model, the
Likelihood Ratio test is applied; this procedure is implemented in order to get the

best model for each market. Therefore, the results become more robust.

3 The LMF test results indicated that the ADF tests were free from serial correlation; for brevity
we do not show the test results here. All results are available in Appendix F.
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For the stock return equation, the EGARCH (1,1) model is chosen for
Argentina for 1998, for Mexico and Venezuela for 1999-2001 and for Columbia,
Chile and Venezuela for 2000-2002 across all bilateral exchange rates. For the
other countries there was a mix of (1,1) and (2,1) models chosen for the different
bilateral exchange rates. For the exchange rate equation, there was less
consistency across countries and time periods in the selection of the EGARCH
model with a mixture of (1,1) and (2,1) chosen for each country for each bilateral
exchange rate.

The estimated parameters from the EGARCH estimation are set out in
Tables 4.12 to 4.20, for the three periods of analysis (1998, 1999-2001 and 2002-

2006). The p-values are given in parentheses beneath each coefficient estimate.

4.3.2.2 Volatility Persistence

First, the coefficients obtained for the wvolatility persistence term
associated with each country stock returns and exchange rates changes, are
presented in table 4.12 for 1998, table 4.13 for 1999-2001 and table 4.14 for
2002-2006. The results vary depending on the country and the equation, but the
majority of terms are significant for both the stock returns and exchange rate
changes in all three periods. An interesting feature of the results which reflects the
inclusion of more than one bilateral exchange rate in the analysis is that the
persistence of volatility varies across the different bilateral exchange rates. This
finding could be translated as follows: volatility persistence will have a high
repercussion in those markets where the level of integration is higher, than in
those others where a lack of interlinkages exists.

The results also indicate that the introduction of the Euro (tables 4.13 and
4.14) did not generate any general effect on the persistence of the volatility of
stock returns and exchange rates as it has not had a uniform impact across the
financial markets in Latin American markets. This means that the Latin American

economies do not have a strong relationship with the European markets. As was
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argued before, these markets are particularly connected with the Spanish
economy, but after the Euro was introduced in the financial markets, the currency
effects that were generated by the Spanish domestic currency, the Peseta, were
diluted. Thus, as the Euro is a cocktail of the euro area currencies, the Spanish
presence in this currency would not generate a strong effect due to the fact that

Spain is one of the weakest economies in the EMU.
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Table 4.12: EGARCH RESULTS: VOLATILITY PERSISTENCE 1998
ARGENTINA A.Peso/B.Real A.Peso/Ch.Peso A.Peso/Co.Peso A.Peso/M.Peso A.Peso/Bolivar A,Peso/C$ A.Peso/¥ A.Peso/$ A.Peso/E A.Peso/Pta
Stock Returns 0.1180 0.0738 0.1202 0.1921 0.1163 0.1296 0.1160 0.1202 0.1278 0.1193
(0.018)** (0.099)%** (0.019)** (0.028)** (0.029)** (0.010)* (0.030)** (0.014)%** (0.015)%* (0.015)**
Exchange Rates 0.6476 1.0905 0.6433 0.5174 0.4604 0.6236 0.0737 0.2025 0.4063 0.0760
(0.008)* (0.000)* (0.000)* (0.011)** (0.000)* (0.000)* (0.616) (0.003)* (0.040)%** (0.378)
BRAZIL Real/A.Peso Real/Ch.Peso Real/Co.Peso Real/M.Peso Real/Bolivar Real/C$ Real/¥ Real/$ Real/E Real/Pta
Stock Returns 0.1795 -0.2339 0.1824 0.2071 0.1838 -0.1483 0.2026 0.1776 0.1875 0.1862
(0.000)* (0.033)** (0.000)* (0.001)* (0.000)* (0.180) (0.000)* (0.001)* (0.000)* (0.000)*
Exchange Rates 0.6007 0.9780 0.6573 0.4413 0.3898 0.2031 0.4367 0.3790 0.1170 0.1557
(0.000)* (0.001)* (0.000)* (0.011)** (0.018)** (0.004)* (0.027)** (0.000)* (0.437) (0.194)
CHILE Ch.Peso/A.Peso Ch.Peso/Real Ch.Peso/Co.Peso ChPeso/M.Peso ChPeso/Bolivar Ch Peso/C$ Ch Peso/¥ ChPeso/$ ChPeso/£ ChPeso/Pta
Stock Returns 0.4565 0.4658 0.5399 0.1879 0.4858 0.1974 0.5301 0.2140 0.5464 0.5285
(0.003)* (0.003)* (0.000)* (0.005)* (0.002)* (0.011)** (0.000)* (0.011)** (0.000)* (0.000)*
Exchange Rates 0.8334 0.8061 0.2669 0.9325 0.5231 0.1073 0.3902 0.8369 -0.1081 -0.4321
(0.003)* (0.011)** (0.214) (0.000)* (0.020)** (0.454) (0.065)*** (0.003)* (0.027)** (0.011)**
MEXICO M.Peso/A.Peso M.Peso/.Real M.Peso/Ch.Peso M.Peso/Co.Peso M.Peso/Bolivar M.Peso/C$ M.Peso/¥ M.Peso/$ M.Peso/E M.Peso/Pta
Stock Returns 0.1751 0.1625 0.0268 0.1592 0.0947 0.0481 0.1008 0.1712 0.2241 0.0051
(0.183) (0.2157) (0.857) (0.186) (0.447) (0.710) (0.046)** (0.197) (0.004)* (0.967)
Exchange Rates 0.4524 0.7116 0.3004 0.4602 0.3477 0.3213 0.4996 0.4315 0.5704 0.3344
(0.002)* (0.000)* (0.845) (0.003)* (0.0198)** (0.008)* (0.001)* (0.002)* (0.000)* (0.025)%**
VENEZUELA Bolivar/A.Peso Bolivar/Real Bolivar/Ch.Peso Bolivar/Co.Peso Bolivar/M.Peso Bolivar/C$ Bolivar/¥ Bolivar/$ Bolivar/t Bolivar/Pta
Stock Returns 0.3952 0.4218 0.3852 0.4574 0.7363 0.4410 0.4454 0.3982 0.4288 0.4392
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.2423 0.5317 0.5736 0.2797 0.3611 0.5350 0.6054 0.3386 0.4371 0.1456
(0.266) (0.007)* (0.007)* (0.252) (0.017)** (0.000)* (0.000)* (0.124) (0.000) (0.389)
SPAIN Pta/A.Peso Pta/Real Pta/Ch.Peso Pta/Co.Peso Pta/M.Peso Pta/Bolivar Pta/C$ Pta/¥ Pta/$ Pta/f
Stock Returns 0.1529 0.1555 0.1669 0.0106 0.1432 0.1519 0.1399 0.1712 0.1545 0.1610
(0.007)* (0.007)* (0.007)* (0.971) (0.015)** (0.090)*** (0.007)* (0.008)* (0.007)* (0.007)*
Exchange Rates 0.0383 0.1250 -0.1573 -0.9401 0.2805 0.1654 0.0994 0.2775 0.0243 0.0226
(0.696)) (0.250) (0.000)* (0.064)*** (0.063)*** (0.301) (0.280) (0.128) (0.805) (0.901)

*1% significance level, **5% significance level, ***10% significance level
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Table 4.13: EGARCH RESULTS: VOLATILITY PERSISTENCE 1999-2001
ARGENTINA A.Peso/B.Real A.Peso/Ch.Peso A.Peso/Co.Peso A.Peso/M.Peso A.Peso/Bolivar A,Peso/C$ A.Peso/¥ A.Peso/$ A.Peso/E A.Peso/€
Stock Returns 0.2312 0.2029 0.2065 -0.0035 0.1947 0.1864 0.1895 0.1941 0.1983 0.1989
(0.012)** (0.000)* (0.000)* (0.871) (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.1498 0.3307 0.3272 0.2041 0.5339 0.0687 0.0476 0.5916 0.0806 0.0508
(0.001)* (0.000)* (0.003)* (0.283) (0.002)* (0.067)%** (0.074)%%* (0.000)* (0.357) (0.625)
BRAZIL Real/A.Peso Real/Ch.Peso Real/Co.Peso Real/M.Peso Real/Bolivar Real/C$ Real/¥ Real/$ Real/£ Real/€
Stock Returns 0.2384 0.2073 0.2744 0.1800 0.2283 0.2294 0.2299 0.2326 0.2140 0.2388
(0.067)%** (0.101) (0.050)** (0.002)* (0.065)%*** (0.060)*** (0.084)%** (0.069)***  (0.072)*** (0.047)**
Exchange Rates 0.1490 0.2078 0.2883 0.3588 0.1582 0.2382 0.1460 0.1709 0.0681 0.0571
(0.000)* (0.005)* (0.000)* (0.053)** (0.000)* (0.000)* (0.000)* (0.000)* (0.024)** (0.051)***
CHILE Ch.Peso/A.Peso Ch.Peso/Real Ch.Peso/Co.Peso ChPeso/M.Peso ChPeso/Bolivar Ch Peso/C$ Ch Peso/¥ ChPeso/$ ChPeso/£ ChPeso/€
Stock Returns 0.4975 0.4933 0.4240 0.4618 0.4988 0.4878 0.5264 0.5018 0.5040 0.4135
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.3191 0.1990 0.3200 0.1251 0.3800 0.2864 0.2242 0.3660 0.2985 0.3074
(0.001)* (0.006)* (0.000)* (0.075)*** (0.000)* (0.092)*** (0.370) (0.004)* (0.005)* (0.031)**
MEXICO M.Peso/A.Peso M.Peso./Real M.Peso/Ch.Peso M.Peso/Co.Peso M.Peso/Bolivar M.Peso/C$ M.Peso/¥ M.Peso/$ M.Peso/£ M.Peso/€
Stock Returns 0.0829 0.0965 0.0945 0.1000 0.0812 0.0955 0.0876 0.0776 0.0922 0.0365
(0.058)*** (0.008)* (0.0133)** (0.013)** (0.060)*** (0.014)** (0.023)** (0.0855)***  (0.019)** (0.657)
Exchange Rates 0.2733 0.3437 0.2161 0.3392 0.1407 -0.0024 0.0144 0.2475 0.1725 0.0363
(0.189) (0.063)** (0.001)* (0.022)%** (0.576) (0.985) (0.697) (0.099)%** (0.108) (0.001)*
VENEZUELA Bolivar/A.Peso Bolivar/Real Bolivar/Ch.Peso Bolivar/Co.Peso Bolivar/M.Peso Bolivar/C$ Bolivar/¥ Bolivar/$ Bolivar/ Bolivar//€
Stock Returns 0.1532 0.1575 0.1465 0.1486 0.1590 0.1548 0.1465 0.1483 0.1588 0.1470
(0.001)* (0.000)* (0.002)* (0.001)* (0.003)* (0.002)* (0.001)* (0.001)* (0.002)* (0.001)*
Exchange Rates 0.5208 0.1620 0.3901 0.3593 0.0551 -0.0113 0.0276 0.5999 0.0576 -0.0148
(0.004)* (0.138) (0.000)* (0.007)* (0.770) (0.919) (0.156) (0.000)* (0.242) (0.877)
SPAIN €/A.Peso €/Real €/Ch.Peso €/Co.Peso €/M.Peso €/Bolivar €/IC$ €4 €/% €I
Stock Returns 0.1204 0.1186 0.1130 0.1213 0.1235 0.1239 0.1179 0.0032 0.1209 0.1268
(0.000)* (0.0001)* (0.001)* (0.001)* (0.000)* (0.000)* (0.000)* (0.976) (0.000)* (0.000)*
Exchange Rates -0.0070 0.2007 0.3763 0.1263 0.0414 0.0221 -0.0203 0.2581 -0.0979 0.1395
(0.942) (0.070)*** (0.015)** (0.047)** (0.668) (0.804) (0.631) (0.001)* (0.230) (0.011)**

*1% significance level, **5% significance level, ***10% significance level
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Table 4.14: EGARCH RESULTS: VOLATILITY PERSISTENCE 2002-2006
ARGENTINA A.Peso/B.Real A.Peso/Ch.Peso A.Peso/Co.Peso A.Peso/M.Peso A.Peso/Bolivar A,Peso/C$ A.Peso/¥ A.Peso/$ A.Peso/E A.Peso/€
Stock Returns 0.0646 0.2203 0.2058 0.0424 0.2206 0.1957 0.1990 0.1982 0.2058 0.2104
(0.504) (0.002)* (0.001)* (0.689) (0.001)* (0.000)* (0.000)* (0.000)* (0.001)* (0.001)*
Exchange Rates 0.2729 0.3816 0.2881 1.1702 0.1770 1.0972 0.0660 0.4477 0.9272 0.9467
(0.001)* (0.001)* (0.001)* (0.000)* (0.470) (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
BRAZIL Real/A.Peso Real/Ch.Peso Real/Co.Peso Real/M.Peso Real/Bolivar Real/C$ Real/¥ Real/$ Real/£ Real/€
Stock Returns -0.1031 0.0857 -0.1199 -0.0861 -0.1088 0.0845 -0.1116 0.1054 -0.1079 0.0872
((0.170) (0.008)* (0.161) (0.293) (0.148) (0.007)* (0.168) (0.001)* (0.227) (0.004)*
Exchange Rates 0.1445 0.2806 0.2675 0.1876 0.6537 0.2712 0.1897 0.2888 0.1882 0.1986
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
CHILE Ch.Peso/A.Peso Ch.Peso/Real Ch.Peso/Co.Peso ChPeso/M.Peso ChPeso/Bolivar Ch Peso/C$ Ch Peso/¥ ChPeso/$ ChPeso/f Ch.Peso/€
Stock Returns 0.1578 0.1692 0.1581 0.1643 0.1652 0.1592 0.1562 0.1593 0.1735 0.1597
(0.030)** (0.008)* (0.022)** (0.014)** (0.007)* (0.024)** (0.030)** (0.022)** (0.004)* (0.026)**
Exchange Rates 0.3830 0.3236 0.3987 0.3255 0.2765 0.3620 0.3184 0.3810 0.3335 0.3550
(0.036)** (0.000)* (0.000)* (0.020)** (0.000)* (0.001)* (0.030)** (0.007)* (0.008)* (0.002)*
COLOMBIA Co.Peso/A.Peso Co.Peso/Real Co.Peso/Ch.Peso Co.Peso/M.Peso Co.Peso/Bolivar Co.Peso/C$ Co.Peso/¥ Co.Peso/$ Co.Peso/E Co.Peso/€
Stock Returns 0.3842 0.3805 0.3746 0.3837 0.3826 0.3832 0.3851 0.3848 0.3815 0.3750
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.2577 0.2765 0.3829 0.2072 0.0807 0.1704 0.0962 0.3400 0.1103 -0.0590
(0.035)** (0.000)* (0.000)* (0.000)* (0.373) (0.001)* (0.012)%* (0.000)* (0.007)* (0.403)
MEXICO M.Peso/A.Peso M.Peso.Real M.Peso/Ch.Peso M.Peso/Co.Peso M.Peso/Bolivar M.Peso/C$ M.Peso/¥ M.Peso/$ M.Peso/£ M.Peso/€
Stock Returns 0.1050 0.1064 0.1066 0.1069 0.1020 0.1069 0.1090 0.1128 0.1106 0.1011
(0.002)* (0.001)* (0.000)* (0.002)* (0.000)* (0.002)* (0.002)* (0.001)* (0.001)* (0.002)*
Exchange Rates 0.3161 0.1912 0.3166 0.2136 -0.2842 0.0267 0.0469 0.1106 0.0096 0.0577
(0.000)* (0.000)* (0.014)** (0.000)* (0.293) (0.070)%** (0.032)** (0.002)* (0.503) (0.009)*
VENEZUELA Bolivar/A.Peso Bolivar/Real Bolivar/Ch.Peso Bolivar/Co.Peso Bolivar/M.Peso Bolivar/C$ Bolivar/¥ Bolivar/$ Bolivar/ Bolivar/€
Stock Returns 0.2401 0.2645 0.2274 0.3096 0.3580 0.3147 0.2875 0.2655 03115 0.2526
(0.006)* (0.001)* (0.008)* (0.000)* (0.000)* (0.000)* (0.000)* (0.051)** (0.000)* (0.001)*
Exchange Rates 0.6627 0.4720 0.2565 -0.1562 -0.3189 -0.2236 -0.2259 0.2340 -0.2789 -0.1218
(0.000)* (0.000)* (0.000)* (0.351) (0.150) (0.264) (0.183) (0.130) (0.085) (0.375)
SPAIN €/A.Peso €/Real €/Ch.Peso €/Co.Peso €/M.Peso €/Bolivar €/C$ €¥ €/$ €I
Stock Returns 0.1468 0.1466 0.1582 0.1526 0.1474 0.1420 0.1430 0.1460 0.1525 0.1477
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.6286 0.2351 0.4991 0.1288 0.0787 0.6264 0.0349 0.0616 0.0602 0.0231
(0.000)* (0.000)* (0.000)* (0.001)* (0.003)* (0.000)* (0.436) (0.017)** (0.001)* (0.113)

*1% significance level, **5% significance level, ***10% significance level
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4.3.2.3 Volatility Spillovers

In terms of the coefficients for the volatility spillovers, the results are
presented in tables 4.15 to 4.17 according to the three periods under investigation.
In this case, there is some degree of variation across countries, over time and for
the various bilateral exchange rates included in the analysis. Dealing first with
spillovers from stock markets to exchange rates, for Brazil and Mexico,
significant spillovers are found in all three time periods to all bilateral exchange
rates at the 10 per cent significance level, with most results being significant at
the 1 per cent significance level. Similarly for Spain, all spillover coefficients
were significant for all bilateral exchange rates at the 1 per cent level, with the
exception of the Mexican Peso in the 1998 period which was insignificant. For the
other countries, there are fewer instances both over time and across the bilateral
exchange rates in terms of spillovers from the stock market. In Argentina, for the
1998 period, all coefficients are significant for all bilateral exchange rates at least
at the 10 per cent significance level, but this situation changes for the 1999-2001
and 2002-2006 periods where the finding show significant spillovers from the
stock market only to the Brazilian Real and Mexican Peso. For Chile, there were
significant spillovers at least at the 5 per cent significance level from the stock
market only to all Latin American exchange rates excluding the Mexican Peso in
1998; these spillovers were absent in the 1999-2001 and 2002-2006 periods. In
contrast, for Venezuela there were no significant spillovers from the stock market
to any currency in the 1998 period; spillovers were significant to all currencies for
1999-2001, and then only for the Argentinean Peso, Brazilian Real and Chilean
Peso for the 2002-2006 period. Volatility spillovers were absent from the stock
market to all currencies for Colombia for 2002-06.

Significant coefficients are indicative of integration between stock markets
and exchange rate markets as well as indicating that the volatility of stock returns
is a determinant of the volatility of the exchange rate and that information

contained in stock prices impacts on the behaviour of exchange rates in these
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markets. The lack of consistency over time and across countries and bilateral
exchange rates indicate that the degree of integration of stock and currency
markets varies depending on the currency, and is not constant over time. This
demonstrates that there is a lack of integration between these markets and
therefore, it shows clear signs of the existence of some potential for
diversification between stock markets and currency markets in these countries.

In terms of volatility spillovers from exchange rates to stock markets the
results are also presented in tables 4.15 to 4.17. As above, the results are less
significant and consistent across countries, and over time as the spillovers from
stock markets to exchange rates. Dealing first with the volatility spillovers from
the Latin American bilateral exchange rates to stock markets, the results show that
for Argentina and Brazil there were no significant spillovers at the 5 per cent
significance level neither in 1998 nor in the 2002-2006 period with significant
spillovers only from the Mexican Peso to the Argentinean stock market and from
the Colombian Peso and the Bolivar to the Brazilian stock market in the 1999-
2001 period. For Mexico, again there were no significant spillovers in the 1998
period but volatility spillovers from the Chilean Peso in 1999-2001, and the Real
in 2002-2006, to the Mexican stock market. In the case of Chile, significant
spillovers were found from the Colombian Peso in 1998 and from the Mexican
Peso in 1999-2001 but significant spillovers from all of the Latin American
bilateral exchange rates were completely absent for the 2002-2006 period. There
were significant spillovers for Venezuela in all three periods, but there were some
differences across the three periods with the Argentinean Peso and the Real
significant in 1998, the Chilean Peso and the Bolivar significant for 1999-2001
and the Real significant for the 2002-2006 period. For Colombia, during 2002-
2006, significant volatility spillovers were found from the Real to the Bolivar to
the Colombian stock exchange for this period. The most significant spillovers for
Spain were found from the Real and the Chilean and Colombian Pesos in 1998,
from the Chilean and Mexican Peso for 1999-2001 and from the Mexican Peso
and the Bolivar for 2002-2006. Thus, collectively the results from the estimated
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coefficients of the volatility spillovers from the Latin American exchange rates to
the stock markets examined indicate that the existence of spillovers are dynamic
in nature and not constant over time. The major trend is the non existence of
significant results, something common to all three periods. Furthermore, the lack
of consistency across countries indicates that the impact of volatility spillovers
from any single Latin American currency is not uniform across different stock
markets. The major implications of such results could be found in terms of
making profits from investments in the region. Due to the fact that this area is
showing a dynamic pattern, as well as inconsistency in markets behaviour and
uncertainty, it is the author’s contention that interesting opportunities for realising
important earnings are possible in the short-term. Investors could benefit in two
ways; they could design strategies based on diversification through stock markets

and currency markets, and also across the countries.

Dealing now with the volatility spillovers from the ‘harder’ currencies,
there appears to be some similarities in their impact on the Latin American stock
markets. For 1998, there were significant volatility spillovers from the domestic
currencies against the Yen for Argentina, Brazil, Venezuela and Mexico, with the
Peseta also significant for Argentina in this period. For Chile, volatility spillovers
to the stock market were significant from the Chilean Peso against the US dollar
while for Spain; spillovers from the Canadian dollar and US dollar were
significant.

In the period since the introduction of the Euro, for Argentina, Brazil and
Mexico, significant spillovers were observed from the domestic currencies against
the British pound and the stock market in both the 1999-2001 and 2002-2006
periods with significant spillovers also from the Canadian dollar and US dollar for
Mexico. The significant effects observed in Mexico in relation to the Canadian
and US currency are explained by the strong relationships that exist between these
countries (NAFTA agreement). These were the only significant spillovers

common to both periods after the Euro was introduced; for all other significant
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coefficients, results differ for the 1999-2001 and 2002-2006 periods. For example,
there were no significant spillovers for Chile or Spain for 1999-2001, but for
2002-2006, spillovers from the British pound were significant for Chile and from
the Canadian dollar they were significant for Spain. Similarly, significant
spillovers were found from the Euro (€) to the Brazilian stock market only for
1999-2001, from the Euro (€) to the Mexican stock market only for 2002-2006,
from the Canadian dollar (C$) to the Venezuelan stock market only in 1999-2001
while for 2002-2006, spillovers were significant form the Yen, US dollar and
British pound to the Venezuelan stock market.

The presence of significant volatility spillover coefficients indicate that
volatility of the relevant bilateral exchange rates was a determinant of the
volatility of the stock markets and that information contained in exchange rates
impacted on the behaviour of stock markets in these countries. Overall, volatility
spillovers are much more prevalent from the various stock markets to the various
bilateral exchange rates than is the case for the volatility spillovers from the
various bilateral exchange rates to the stock markets in the countries examined.
This could be interpreted as a major influence on the countries of some of the
world’s strongest economies’ currencies which makes more difficult a portfolio
investment strategy of diversification between developed and emerging
economies. In this case the investor should pay careful attention to the individual
emerging economies and their particular relationships with the world developed
economies, so as to include, in their strategies, those markets that are not
integrated. The more widespread presence of significant spillovers from the
Peseta to stock markets in the pre Euro period compared to the Euro in the post
Euro period is indicative of the dilution effect that the Euro generated in terms of
the Spanish currency, and also of the possibility of a wider use of hedging
techniques by firms listed on the stock markets in these countries after the
introduction of the Euro; it may be that the Euro’s status as a global currency
resulted in increased hedging than was the case for the Peseta in order to insulate

against the volatility of the Euro.
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Considering the results from the volatility spillovers from the stock market
to exchange rates and from exchange rates to stock markets together, it is possible
to highlight a number of instances where the spillovers are bidirectional in nature
between the two markets. For 1998, there are significant bidirectional spillovers
between: the Yen and the Peseta; the stock markets of Argentina and Brazil; the
Colombian Peso and the Chilean stock market and the Yen and the Mexican stock
market, as well as for the Real, Chilean Peso, Bolivar and the British pound for
the Spanish stock market. For 1999-2001, spillovers were significant in both
directions between the Mexican Peso and the Argentinean stock market, for the
Chilean Peso and the Mexican stock market, the Mexican Peso and Canadian
dollar, and the Venezuelan stock market, and for the Real and Colombian Peso
and the Real and the Spanish stock market. In the more recent 2002-2006 period,
there were significant bidirectional volatility spillovers for the Bolivar, Yen and
the US$ and the Brazilian stock market, the Real, British pound, the Euro, and the
Mexican stock market, the Real and the Venezuelan stock market, and the
Mexican Peso, Bolivar and Canadian dollar and the Mexican stock market.

These results show that there were no significant bidirectional
relationships that were common to all three periods. However, it was found a
bidirectional relationship in the case of the British pound and the Brazilian stock
market, and for the Canadian dollar and the US dollar and the Mexican stock
market in relation to both post Euro periods; the result for Mexico is not
surprising given the geographical proximity of Mexico to the US and Canada and
their strong relationships. The significant spillovers in both directions can be
taken as evidence of a high degree of integration between stock and currency
markets in these countries, which is not surprising as has been mentioned; these
countries share strong relationships regarding trade and investment. Therefore, the
degree of level of integration appears to be currency specific rather than a general
feature of financial markets in these countries, which means that for the rest of
these countries this kind of integration is not so clear. As was mentioned before,

the results show evidence of the possibility of diversification through the region,
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and in particular, the author concludes that important earnings could be obtained
in the short-term. As these markets show a lack of stability and consistency
regarding the relationships between the markets, it would be necessary to re-
design strategies covering short periods in order to minimise risk exposure, and to

get the maximum benefits from these markets.
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ARGENTINE A.Peso/B.Real A.Peso/Ch.Peso A.Peso/Co.Peso A.Peso/M.Peso A.Peso/Bolivar A,Peso/C$ A.Peso/¥ A.Peso/$ A.Peso/E A.Peso/Pta
Stock Returns -0.1198 -0.1227 -0.1215 -0.0808 -0.1239 -0.1325 -0.1171 -0.1193 -0.1212 -0.1228
(0.006)* (0.004)* (0.005)* (0.094)%* (0.005)* (0.001)* (0.009)* 0.012)**  (0.011)** (0.004)*
Exchange Rates -0.2939 -0.0373 -0.0601 -0.1235 0.1950 -0.2365 0.2383 -0.0494 0.1941 0.2119
0.212) (0.685) (0.667) 0.197) (0.055)%** (0.089)*** (0.015)%* (0.440) (0.067)%** (0.012)%*
BRAZIL Real/A.Peso Real/Ch.Peso Real/Co.Peso Real/M.Peso Real/Bolivar Real/C$ Real/¥ Real/$ Realf Real/Pta
Stock Returns -0.2004 -0.2124 -0.1974 -0.1909 -0.1970 -0.2100 -0.1968 -0.1970 -0.1985 -0.1949
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.2357 0.0136 -0.0421 -0.0927 0.1681 -0.0399 0.2383 0.1328 0.1817 0.2487
(0.099)** (0.876) (0.808) (0.403) (0.114) 0.519) (0.039)** 0.211)  (0.096)*** (0.010)*
CHILE Ch.Peso/A.Peso Ch.Peso/Real Ch.Peso/Co.Peso ChPeso/M.Peso ChPeso/Bolivar Ch Peso/C$ Ch Peso/¥ ChPeso/$ ChPeso/f ChPeso/Pta
Stock Returns -0.0677 -0.0626 -0.0644 -0.0364 -0.0558 -0.0401 -0.0498 -0.0389 -0.0451 -0.0504
(0.001)* (0.006)* (0.006)* 0.227) (0.027)** (0.222) (0.069)*** (0.255) (0.128) (0.064)***
Exchange Rates -0.1696 -0.0998 0.2164 -0.1882 -0.0426 0.1071 0.1795 -0.1385 0.0581 0.0716
(0.061)%** (0.256) (0.022)%* (0.131) (0.718) (0.225) (0.115) (0.116) (0.106) (0.040)**
MEXICO M.Peso/A.Peso M.Peso.Real M.Peso/Ch.Peso M.Peso/Co.Peso M.Peso/Bolivar M.Peso/C$ M.Peso/¥ M.Peso/$ M.Peso/£ M.Peso/Pta
Stock Returns -0.0945 -0.0957 -0.1190 -0.0920 -0.1065 -0.1112 -0.1164 -0.0944 -0.1159 -0.1010
(0.021)%* (0.018)* (0.003)* (0.032)%* (0.008)* (0.004)* (0.003)* (0.020)** (0.010)* (0.023)%*
Exchange Rates 0.1833 0.1207 0.0924 0.0174 0.1314 0.0656 0.1540 0.1721 -0.0601 0.0878
(0.250) (0.176) (0.516) (0.885) (0.381) (0.353) (0.045)** (0.260) (0.201) (0.316)
VENEZUELA Bolivar/A.Peso Bolivar/Real Bolivar/Ch.Peso Bolivar/Co.Peso Bolivar/M/Peso Bolivar/C$ Bolivar/¥ Bolivar/$ Bolivar/t Bolivar/Pta
Stock Returns 0.0127 -0.0029 0.0028 -0.0445 -0.1057 -0.0318 -0.0299 0.0155 -0.0266 -0.0301
(0.855) (0.968) (0.968) (0.513) (0.386) (0.639) (0.662) (0.833) (0.700) (0.666)
Exchange Rates -0.3142 -0.5089 0.0332 0.0815 -0.1339 0.1544 0.3037 -0.2828 0.0721 0.3733
(0.020)** (0.004)* 0.797) (0.381) (0.376) (0.124) (0.016)** (0.038)** (0.133) (0.001)*
SPAIN Pta/A.Peso Pta/Real Pta/Ch.Peso Pta/Co.Peso Pta/M.Peso Pta/Bolivar Pta/C$ Pta/¥ Pta/$ Pta/f
Stock Returns -0.1133 -0.1127 -0.1069 0.0097 -0.1086 -0.1129 -0.1301 -0.1003 -0.1130 -0.1083
(0.008)* (0.007)* (0.008)* 0.967) (0.006)* (0.007)* (0.002)* 0.016)**  (0.008)* (0.008)*
Exchange Rates -0.1344 -0.1915 -0.0844 0.6922 -0.0656 0.3478 -0.0981 0.2074 -0.1494 -0.2178
(0.094)%** (0.020)** (0.039)** (0.025)%* (0.491) (0.002)* (0.207) (0.052)%*%  (0.058)*** (0.012)%**

*1% significance level, **5% significance level, ***10% significance level
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Table 4.16: EGARCH RESULTS: VOLATILITY SPILLOVERS 1999-2001

ARGENTINA A.Peso/B.Real A.Peso/Ch.Peso A.Peso/Co.Peso A.Peso/M.Peso A.Peso/Bolivar A,Peso/C$ A.Peso/¥ A.Peso/$ A.Peso/E A.Peso/€
Stock Returns -0.0918 -0.0649 -0.0720 -0.0606 -0.0676 -0.0691 -0.0673 -0.0688 -0.0679 -0.0682
(0.000)* (0.202) (0.157) (0.000)* (0.180) (0.160) (0.178) (0.172) (0.177) (0.179)
Exchange Rates -0.0400 -0.0375 -0.0168 -0.2451 -0.1437 -0.0212 0.0371 -0.0965 -0.0320 -0.0915
(0.196) (0.704) (0.822) (0.047)** (0.235) (0.363) (0.104) (0.271) (0.016)** (0.210)
BRAZIL Real/A.Peso Real/Ch.Peso Real/Co.Peso Real/M.Peso Real/Bolivar Real/C$ Real/¥ Real/$ Realf Real/€
Stock Returns -0.0576 -0.0607 -0.0633 -0.1352 -0.0574 -0.0560 -0.0517 -0.0561 -0.0537 -0.0560
(0.027)** (0.021)** (0.004)* (0.022)** (0.028)** (0.031)** (0.077)%** (0.027)** (0.012)** (0.055)%**
Exchange Rates 0.0477 0.0307 -0.0121 0.0080 0.0502 0.0667 0.0370 0.0477 0.0661 0.0593
(0.118) (0.496) (0.781) (0.797) (0.066)*** (0.073)*** (0.083)*** (0.131) (0.000)* (0.001)*
CHILE Ch.Peso/A.Peso Ch.Peso/Real Ch.Peso/Co.Peso ChPeso/M.Peso ChPeso/Bolivar Ch Peso/C$ Ch Peso/¥ ChPeso/$ ChPeso/£ ChPeso/€
Stock Returns -0.0001 -0.0054 -0.0271 0.0118 0.0098 0.0004 -0.0071 0.0021 -0.0062 -0.0228
(0.996) (0.804) (0.609) (0.271) (0.541) (0.984) (0.744) (0.915) (0.780) (0.654)
Exchange Rates 0.0320 -0.0402 -0.0744 -0.2074 0.0332 -0.0257 0.0091 0.0381 -0.0068 -0.0479
(0.756) (0.330) (0.156) (0.000)* (0.709) (0.811) (0.431) (0.742) (0.872) (0.561)
MEXICO M.Peso/A.Peso M.Peso.Real M.Peso/Ch.Peso M.Peso/Co.Peso M.Peso/Bolivar M.Peso/C$ M.Peso/¥ M.Peso/$ M.Peso/E M.Peso/€
Stock Returns -0.0723 -0.0708 -0.0754 -0.0774 -0.0705 -0.0793 -0.0637 -0.0718 -0.0742 -0.0792
(0.011)** (0.005)* (0.004)* (0.006)* (0.009)* (0.007)* (0.013)** (0.011)**  (0.064)%** (0.005)*
Exchange Rates 0.2262 -0.0118 0.2128 0.0455 0.1831 0.2099 0.0573 0.2353 0.1945 -0.0549
(0.074)%** (0.689) (0.000)* (0.585) (0.095)**:* (0.005)* (0.072)*#* (0.024)** (0.000)* (0.434)
VENEZUELA Bolivar/A.Peso Bolivar/Real Bolivar/Ch.Peso Bolivar/Co.Peso Bolivar/M.Peso Bolivar/C$ Bolivar/¥ Bolivar/$ Bolivar/t Bolivar//€
Stock Returns 0.1042 0.1018 0.1072 0.1057 0.1277 0.1076 0.1065 0.1100 0.1083 0.1048
(0.043)** (0.052)%#* (0.043)%** (0.041)** (0.044)** (0.041)** (0.030)** (0.040)**  (0.051)*** (0.037)%**
Exchange Rates 0.1527 -0.0496 -0.0500 0.0005 -0.1903 -0.0290 0.0284 0.1386 0.0461 -0.1158
(0.236) (0.048)** (0.663) (0.995) (0.024)** (0.000)* (0.145) (0.096)*** (0.218) (0.116)
SPAIN €/A.Peso €/Real €/Ch.Peso €/Co.Peso €/M.Peso €/Bolivar €/C$ £¥ €% €IE
Stock Returns -0.1010 -0.0956 -0.1039 -0.0938 -0.0982 -0.1002 -0.0986 -0.1033 -0.1007 -0.0978
(0.000)* (0.000)* (0.000)* (0.003)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates -0.0240 0.0665 0.0176 0.0900 0.0893 -0.0216 -0.0144 -0.0881 0.0133 -0.0650
(0.716) (0.000)* (0.850) (0.021)** (0.147) (0.642) (0.633) (0.063)*** (0.785) (0.070)%***

*1% significance level, **5% significance level, ***10% significance level
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Table 4.17: EGARCH RESULTS: VOLATILITY SPILLOVERS 2002-2006

ARGENTINA A.Peso/B.Real A.Peso/Ch.Peso A.Peso/Co.Peso A.Peso/M.Peso A.Peso/Bolivar A,Peso/C$ A.Peso/¥ A.Peso/$ A.Peso/E A.Peso/€
Stock Returns -0.0474 -0.0266 -0.0304 -0.0469 -0.0266 -0.0363 -0.0334 -0.0333 -0.0308 -0.0275
(0.074)%** (0.402) (0.280) (0.079)%** (0.389) (0.183) (0.224) (0.233) (0.278) (0.334)
Exchange Rates -0.0217 -0.0425 -0.0193 -0.0164 0.2450 0.0170 -0.0107 -0.0042 0.0204 0.0049
(0.450) (0.131) (0.434) (0.497) (0.08)%** (0.405) (0.599) (0.879) (0.000)* (0.853)
BRAZIL Real/A.Peso Real/Ch.Peso Real/Co.Peso Real/M.Peso Real/Bolivar Real/C$ Real/¥ Real/$ Realf Real/€
Stock Returns -0.0881 -0.0616 -0.0742 -0.0822 -0.0916 -0.0512 -0.0858 -0.0515 -0.0809 -0.0584
(0.000)* (0.002)* (0.000)* (0.000)* (0.000)* (0.010)* (0.000)* (0.012)** (0.000)* (0.003)*
Exchange Rates 0.0168 0.0572 0.0413 0.0607 0.5731 0.0433 0.0486 0.0614 0.0503 0.0404
(0.587) (0.158) (0.09)*** (0.065)*** (0.000)* (0.129) (0.013)** (0.026)** (0.041)** (0.139)
CHILE Ch.Peso/A.Peso Ch.Peso/Real Ch.Peso/Co.Peso ChPeso/M.Peso ChPeso/Bolivar Ch Peso/C$ Ch Peso/¥ ChPeso/$ ChPeso/£ Ch.Peso/€
Stock Returns -0.0237 -0.0264 -0.0223 -0.0242 -0.0205 -0.0240 -0.0241 -0.0229 -0.0266 -0.0221
(0.364) (0.342) (0.385) (0.349) (0.424) (0.370) (0.356) (0.380) (0.299) (0384)
Exchange Rates 0.0403 -0.0692 0.0309 -0.0225 -0.1126 0.0488 0.0638 0.0469 0.0239 0.0009
(0.171) (0.059)%** (0.358) (0.717) (0.158) (0.092)%s#* (0.000)* (0.381) (0.537) (0.989)
COLOMBIA Co.Peso/A.Peso Co.Peso/Real Co.Peso/Ch.Peso Co.Peso/M.Peso Co.Peso/Bolivar Co.Peso/C$ Co.Peso/¥ Co.Peso/$ Co.Peso/E Co.Peso/€
Stock Returns -0.0203 -0.0200 -0.0228 -0.0196 -0.0201 -0.0197 -0.0199 -0.0189 -0.0181 -0.0222
(0.543) (0.552) (0.504) (0.561) (0.545) (0.557) (0.552) (0.57) (0.587) (0.505)
Exchange Rates 0.0171 -0.0486 -0.0243 0.0065 0.2585 0.0125 0.0292 -0.0052 0.0288 -0.0054
(0.467) (0.044)%** (0.690) (0.809) (0.000)* (0.644) (0.262) (0.887) (0.101) (0.824)
MEXICO M.Peso/A.Peso M.Peso.Real M.Peso/Ch.Peso M.Peso/Co.Peso M.Peso/Bolivar M.Peso/C$ M.Peso/¥ M.Peso/$ M.Peso/£ M.Peso/€
Stock Returns -0.1778 -0.1683 -0.1844 -0.1774 -0.1797 -0.1751 -0.1772 -0.1761 -0.1796 -0.1792
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.0152 -0.0621 0.0269 -0.0064 -0.1577 0.0463 0.0066 -0.1796 0.0300 -0.0480
(0.420) (0.049)** (0.689) (0.813) (0.088)*** (0.000)* (0.686) (0.035)** (0.003)* (0.001)*
VENEZUELA Bolivar/A.Peso Bolivar/Real Bolivar/Ch.Peso Bolivar/Co.Peso Bolivar/M.Peso Bolivar/C$ Bolivar/¥ Bolivar/$ Bolivar/t Bolivar/€
Stock Returns 0.1430 0.1771 0.1516 0.1158 0.1174 0.1162 0.1300 0.1315 0.1246 0.1584
(0.065)*** (0.035)** (0.0571)*** (0.176) (0.162) (0.194) (0.129) (0.149) (0.163) (0.044)**
Exchange Rates -0.0636 -0.4502 0.1105 -0.0142 0.1637 0.0122 0.2634 -0.4810 0.2151 0.0270
(0.691) (0.000)* (0.184) (0.734) (0.047)%* (0.843) (0.014)** (0.000)* (0.004)* (0.672)
SPAIN £€/A.Peso £/Real £€/Ch.Peso €/Co.Peso €/M.Peso €/Bolivar €/C$ £¥ €/ €IE
Stock Returns -0.0868 -0.0879 -0.0807 -0.0799 -0.0876 -0.0820 -0.0914 -0.0920 -0.0737 -0.0929
(0.000)* (0.000)* (0.001)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.001)* (0.000)*
Exchange Rates -0.0100 0.0415 -0.0547 -0.0111 -0.0412 0.3375 -0.1051 -0.0111 0.0152 0.0168
(0.867) (0.118) (0.503) (0.597) (0.012)** (0.020)** (0.003)* (0.619) (0.215) (0.158)

*1% significance level, **5% significance level, ***10% significance level
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4.3.2.4 Asymmetric Spillovers

The results for the asymmetric spillover effects are presented in tables 4.18 to
4.20 for each period under analysis respectively. The results from stock returns to
exchange rates show that the coefficients are significant in almost all cases for all
periods. Exceptions are found for the asymmetric spillover effects running from
exchange rates to stock returns during 1998, for the coefficients for the Argentina
Peso/Yen, the Brazilian Real/Pta, the Venezuelan Bolivar/Canadian dollar and the
Bolivar/Pta, and finally for the Spanish Pta/Real, Pta/Colombian Peso and the
Pta/Bolivar. During 1999-2001, the coefficients are significant with the following
exceptions: for Argentina in the case of the Argentinean Peso/€, for Venezuela in the
case of the Bolivar/€ and for Spain in the case of the €/Argentinean Peso, €/Chilean
Peso and the €/Bolivar. The existence of insignificant coefficients indicates that the
spillover effects in these instances are symmetric, that is that positive and negative
shocks have the same impact on volatility, and that the markets would not react in a
different way to positive or negative events that take place in the domestic and world
economies. This kind of puzzling result is possibly explained by the lack of integration
between the markets under analysis, and as there is no relationship between them, the
model is just unable to capture such effects. Thus, the general significance of most of
the asymmetry coefficients justifies the use of the EGARCH model to capture
asymmetry in the impact of good and bad news, but it seems to need a correction in the

model that allows us to filter for abnormalities.
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Table 4.18: EGARCH RESULTS: ASYMMETRIC SPILLOVERS 1998
ARGENTINA A.Peso/B.Real A.Peso/Ch.Peso A.Peso/Co.Peso A.Peso/M.Peso A.Peso/Bolivar A,Peso/C$ A.Peso/¥ A.Peso/$ A.Peso/E A.Peso/Pta
Stock Returns 0.9774 0.9853 0.9765 0.9793 0.9754 0.9775 0.9778 0.9771 0.9746 0.9774
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9721 0.9274 0.9707 0.9536 0.7274 0.9013 -0.2404 0.9850 0.8163 0.7305
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.4384) (0.000)* (0.000)* (0.000)*
BRAZIL Real/A.Peso Real/Ch.Peso Real/Co.Peso Real/M.Peso Real/Bolivar Real/C$ Real/¥ Real/$ Realf Real/Pta
Stock Returns 0.9590 0.9577 0.9577 0.9581 0.9581 0.9534 0.9590 0.9595 0.9568 0.9568
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9080 0.9461 0.9698 0.9584 0.7348 0.9871 0.7365 0.9508 -0.1031 0.5212
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.800) (0.078)***
CHILE Ch.Peso/A.Peso Ch.Peso/Real Ch.Peso/Co.Peso ChPeso/M.Peso ChPeso/Bolivar Ch Peso/C$ Ch Peso/¥ ChPeso/$ ChPeso/£ ChPeso/Pta
Stock Returns 1.0025 1.0016 1.0021 0.9909 0.9994 0.9849 0.9969 0.9819 0.9941 0.9970
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9662 0.9592 0.8808 0.9385 0.9006 0.9303 0.7863 0.9613 0.9278 0.9557
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
COLOMBIA Co.Peso/A.Peso Co.Peso/Real Co.Peso/Ch.Peso Co.Peso/M.Peso Co.Peso/Bolivar Co.Peso/C$ Co.Peso/¥ Co.Peso/$ Co.Peso/t Co.Peso/Pta
Stock Returns n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Exchange Rates n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
MEXICO M.Peso/A.Peso M.Peso.Real M.Peso/Ch.Peso M.Peso/Co.Peso M.Peso/Bolivar M.Peso/C$ M.Peso/¥ M.Peso/$ M.Peso/E M.Peso/Pta
Stock Returns 0.9838 0.9844 0.9880 0.9740 0.9848 0.9818 0.9787 0.9843 0.9796 0.9817
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9496 0.9575 0.9576 0.9557 0.9656 0.9608 0.8739 0.9533 0.9806 0.9496
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
VENEZUELA Bolivar/A.Peso Bolivar/Real Bolivar/Ch.Peso Bolivar/Co.Peso Bolivar/M.Peso Bolivar/C$ Bolivar/¥ Bolivar/$ Bolivar/t Bolivar/Pta
Stock Returns 0.9025 0.8882 0.8960 0.8921 0.4907 0.8999 0.8841 0.9044 0.9088 0.8829
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.5408 -0.3285 0.8993 1.0131 0.9640 0.0443 0.4920 0.5897 -0.8563 0.2228
(0.003)* (0.002)* (0.000)* (0.000)* (0.000)* (0.889) (0.000)* (0.000)* (0.000)* (0.189)
SPAIN Pta/A.Peso Pta/Real Pta/Ch.Peso Pta/Co.Peso Pta/M.Peso Pta/Bolivar Pta/C$ Pta/¥ Pta/$ Pta/f
Stock Returns 0.9559 0.9563 0.9559 0.0100 0.9508 0.9557 0.9550 0.9575 0.9561 0.9578
(0.000)* (0.000)* (0.000)* (0.985) (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.7593 0.5692 0.9536 0.0055 0.9536 0.2028 0.8677 0.7877 0.7289 0.7933
(0.000)* (0.100) (0.000)* (0.986) (0.000)* (0.412) (0.000)* (0.000)* (0.001)* (0.000)*

*1% significance level, **5% significance level, ***10% significance level
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Table 4.19: EGARCH RESULTS: ASYMMETRIC SPILLOVERS 1999-2001
ARGENTINA A.Peso/B.Real A.Peso/Ch.Peso A.Peso/Co.Peso A.Peso/M.Peso A.Peso/Bolivar A,Peso/C$ A.Peso/¥ A.Peso/$ A.Peso/E A.Peso/€
Stock Returns 0.9976 0.9429 0.9425 1.0008 0.9424 0.9517 0.9451 0.9419 0.9430 0.9407
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9900 0.9640 0.9647 0.6661 0.9527 0.9823 0.9790 0.9356 0.9947 0.5654
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.281)
BRAZIL Real/A.Peso Real/Ch.Peso Real/Co.Peso Real/M.Peso Real/Bolivar Real/C$ Real/¥ Real/$ Realf Real/€
Stock Returns 0.9695 0.9690 0.9667 0.9143 0.9698 0.9677 0.9665 0.9696 0.9692 0.9672
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9863 0.9743 0.9753 0.9901 0.9862 0.9783 0.9823 0.9851 0.9812 0.9784
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000) (0.000)* (0.000)* (0.000)* (0.000)*
CHILE Ch.Peso/A.Peso Ch.Peso/Real Ch.Peso/Co.Peso ChPeso/M.Peso ChPeso/Bolivar Ch Peso/C$ Ch Peso/¥ ChPeso/$ ChPeso/E ChPeso/€
Stock Returns 0.9725 0.9657 0.7714 0.9938 0.9888 0.9749 0.9670 0.9760 0.9678 0.7712
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9515 0.9751 0.7870 0.8310 0.9263 0.6013 0.9843 0.7161 -0.6735 0.6662
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
MEXICO M.Peso/A.Peso M.Peso.Real M.Peso/Ch.Peso M.Peso/Co.Peso M.Peso/Bolivar M.Peso/C$ M.Peso/¥ M.Peso/$ M.Peso/E M.Peso/€
Stock Returns 0.9309 0.9514 0.9389 0.9378 0.9350 0.9335 0.9447 0.9301 0.9388 0.9351
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates
0.6965 0.9902 0.7753 0.8276 0.7429 0.4723 0.9581 0.7312 0.6319 -0.3415
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.096)***
VENEZUELA Bolivar/A.Peso Bolivar/Real Bolivar/Ch.Peso Bolivar/Co.Peso Bolivar/M/Peso Bolivar/C$ Bolivar/¥ Bolivar/$ Bolivar/t Bolivar//€
Stock Returns 0.9364 0.9354 0.9333 0.9371 0.9131 0.9346 0.9388 0.9356 0.9338 0.9378
(0.000)* (0.000)* (0.000)* (0.000) (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.006)*
Exchange Rates 0.9521 0.9898 0.9833 0.9675 0.7416 0.9871 0.9833 0.9362 -0.8267 0.4357
(0.000)* (0.000)* (0.000)* (0.000) (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.361)
SPAIN €/A.Peso €/Real €/Ch.Peso €/Co.Peso €/M.Peso €/Bolivar €/C$ £¥ €% €IE
Stock Returns 0.9647 0.9664 0.9637 0.9606 0.9622 0.9656 0.9653 0.9601 0.9651 0.9617
(0.000)* (0.000)* (0.000)* (0.000) (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.0672 0.9796 0.4898 0.8359 0.4465 0.5670 -0.9410 0.6346 -0.8240 0.8902
(0.979) (0.000)* (0.011)** (0.000) (0.007)* (0.581) (0.000)* (0.000)* (0.001)* (0.000)*

*1% significance level, **5% significance level, ***10% significance level
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Table 4.20: EGARCH RESULTS: ASYMMETRIC SPILLOVERS 2002-2006
ARGENTINA A.Peso/B/Real A.Peso/Ch.Peso A.Peso/Co.Peso A.Peso/M.Peso A.Peso/Bolivar A,Peso/C$ A.Peso/¥ A.Peso/$ A.Peso/E A.Peso/€
Stock Returns 0.9615 0.9568 0.9609 0.9622 0.9590 0.9628 0.9623 0.9621 0.9609 0.9603
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9968 0.9961 0.9966 -0.9030 0.9971 -0.9204 0.9964 0.9966 -0.9199 -0.9119
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
BRAZIL Real/A.Peso Real/Ch.Peso Real/Co.Peso Real/M.Peso Real/Bolivar Real/C$ Real/¥ Real/$ Realf Real/€
Stock Returns 0.9486 0.9647 0.9585 0.9504 0.9472 0.9685 0.9474 0.9678 0.9505 0.9667
(0.000)* (0.002)* (0.000)* (0.000)* (0.000)* (0.010)* (0.000)* (0.012)** (0.000)* (0.003)*
Exchange Rates 0.9970 0.9083 0.9739 0.9795 0.7564 0.9541 0.9790 0.9722 0.9704 0.9546
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
CHILE Ch.Peso/A.Peso Ch.Peso/Real Ch.Peso/Co.Peso ChPeso/M.Peso ChPeso/Bolivar Ch Peso/C$ Ch Peso/¥ ChPeso/$ ChPeso/£ Ch.Peso/€
Stock Returns 0.9398 0.9377 0.9408 0.9453 0.9454 0.9378 0.9411 0.9409 0.9408 0.9431
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9957 0.8765 0.9659 0.8148 0.9823 0.9900 0.9988 0.9682 0.9819 0.7978
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
COLOMBIA Co.Peso/A.Peso Co.Peso/Real Co.Peso/Ch.Peso Co.Peso/M.Peso Co.Peso/Bolivar Co.Peso/C$ Co.Peso/¥ Co.Peso/$ Co.Peso/E Co.Peso/€
Stock Returns 0.9259 0.9258 0.9234 0.9266 0.9261 0.9251 0.9261 0.9270 0.9277 0.9276
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9981 0.9679 0.8267 0.9654 0.9925 0.9469 0.9450 0.9645 0.9617 0.9415
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
MEXICO M.Peso/A.Peso M.Peso.Real M.Peso/Ch.Peso M.Peso/Co.Peso M.Peso/Bolivar M.Peso/C$ M.Peso/¥ M.Peso/$ M.Peso/£ M.Peso/€
Stock Returns 0.9223 0.9290 0.9215 09179 0.9225 0.9217 0.9187 0.9201 0.9184 0.9245
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9969 0.9796 0.8004 0.9631 0.9505 0.9916 0.9929 0.9184 0.9844 0.9946
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
VENEZUELA Bolivar/A.Peso Bolivar/Real Bolivar/Ch.Peso Bolivar/Co.Peso Bolivar/M.Peso Bolivar/C$ Bolivar/¥ Bolivar/$ Bolivar/t Bolivar/€
Stock Returns 0.7804 0.7702 0.7679 0.8350 0.8534 0.8272 0.8058 0.8095 0.8091 0.7835
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates -0.8867 0.7246 0.9810 0.9496 0.9624 0.9858 0.9337 0.9807 0.9643 0.9772
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
SPAIN £€/A.Peso £/Real £€/Ch.Peso €/Co.Peso €/M.Peso €/Bolivar €/C$ £¥ €/ €IE
Stock Returns 0.9772 0.9792 0.9765 0.9764 0.9772 0.9775 0.9764 0.9763 0.9769 0.9764
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates -0.9028 0.9478 0.7988 0.9622 0.9850 -0.5760 -0.6516 0.9855 0.9921 0.9999
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

*1% significance level, **5% significance level, ***10% significance level
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4.3.2.5 Diagnostic Tests

The diagnostic test results show similar results obtained for the previous
analyses where the results indicate the rejection of the null hypothesis that the
residuals are normally distributed. The Ljung-Box statistics for all three periods
for all countries indicate that there are no residual linear or non linear
dependencies. There are some exceptions where the coefficient was not
significant but the problem was corrected after introducing more lags into the test.
Finally, and in order to check the validity of the assumption of constant
correlation adopted in the estimation of the bivariate models (Kanas, 2000), the
LB statistics for the cross products of the standardised residuals from the stock
returns equation and from the exchange rate equation are calculated and these
statistics indicated that the assumption of constant correlation over time can be

accepted.

4.3.3 Analysis and Conclusions

This section sets out to summarise the major findings dealing with the
examination of volatility linkages between stock returns and exchange rates in six
Latin American countries and in one European country. The analysis was thus
broader in scope than existing research in that a number of bilateral exchange
rates were included in the study which permitted the examination of whether
volatility spillovers existed to the same extent across exchange rates. It was
decided to introduce a variety of bilateral exchange rates in order to get a better
understanding of the relationship between stock returns and exchange rates. As
was possible to appreciate in the literature review, there is a general agreement on
the existence of a unidirectional relationship running between these markets. It is
believed that stock returns impact on exchange rates, but that the reverse effect
does not occur. But considering that the majority of the studies have introduced

the US dollar as the only currency to analyse this effect, is the author’s belief that
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these studies results need to be considered carefully as a consequence of this
limitation. In addition to this, no research to date has explicitly focused on the
impact of the introduction of the Euro on volatility spillovers between these
financial markets. In order to address these gaps in the literature, this section
examined three main periods, covering the time period before the introduction of
the Euro, immediately after the introduction of the Euro when the currency was
not yet in circulation, and finally the period corresponding to when the currency
was in circulation.

Overall, the results show evidence of a lack of integration between the
markets, but when significant coefficients are found they show that the volatility
of stock prices affects the volatility of exchange rates in a much more widespread
way than the volatility of exchange rates affects the volatility of stock prices. But
the main result is the lack of significant volatility spillovers in these markets,
which clearly indicates that there is potential for diversification between stock
markets and currency markets in certain instances. It also highlighted a number of
situations where the spillovers are bidirectional in nature between the two
markets, although there were no significant bidirectional relationships that were
common to all three periods. The more widespread presence of significant
spillovers from the Peseta to stock markets in the pre Euro period than from the
Euro in the post Euro period, is a reflection of the effect that the European
currency generated on the relevance of the Spanish currency market in the region.

These results are consistent with those of Kanas (2000) and Yang and
Doong (2004) who both found evidence of volatility spillovers from stock returns
to exchange rates. However, this study’s findings differ on the evidence of
spillovers in the opposite direction from exchange rates to stock markets; these
studies found no significant spillovers while the current study found that although
volatility spillovers are much less prevalent from the various bilateral exchange
rates to the stock markets in the countries examined, as well as less consistent
across countries and over time than the spillovers from stock markets to exchange

rates, they nonetheless are present in certain instances. The difference between
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these results and existing studies on volatility spillovers between exchange rates
and stock markets likely reflects the larger number of bilateral exchange rates
included in the analysis. Thus, further research along these lines is required in
order to establish more comprehensively the true nature of spillovers from
exchange rates to equity markets which should provide valuable information on
the possibilities for diversifying holdings of stocks and currencies in investment

portfolios, as well as the potential for hedging amongst these assets.

4.4 THE G-7 EQUITY MARKETS

4.4.1 The G-7 Equity Markets and the Introduction of the Euro

This section focuses on analysing interlinkages between stock returns and
exchange rates in the world’s most developed economies that are represented by
the G-7 economies (Canada, France, Italy, Germany, Japan, the U.K and the U.S).
The study’s initial framework is to analyse what kind of linkages exist between
these markets, using an EGARCH model to study their volatility patterns. After
this analysis is conducted, a second aspect of interest is the identification of
similarities and differences between the emerging economies of the different
regions that we have analysed in the previous chapters (East European countries,
East Asian countries and Latin American countries), and the G-7 economies.
Therefore, the G-7 results are taken as a comparator; the main reason behind this
study is indeed to use the results on the developed economies stocks and
exchange markets as a benchmark so as to better understand the characteristics of
developed and emerging economies. In this new scenario, there is also a need to
remember that the analysis is looking at two different time periods: the Asian
crisis period, and the introduction of the Euro period. Another fact that would
need to be noticed is that the G-7 economies are quite different from each other.
The fact that their levels of development are not the same has to be considered

carefully when arriving at general conclusions, as they would be subjected to a
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high degree of bias. Thus, in order to minimise the possible effects that would be
derived from this situation, there is a need to clarify that the study being
performed is based on a country by country analysis. This means, that the stock
markets of each country are studied in a unique context where a variety of
exchange rates are included in the investigation. The main advantage of
attempting this kind of analysis is the opportunity of obtaining information
regarding the stock market and the exchange rate under consideration by country,
which will facilitate the results discussion, as every country will be analysed
according to their results; it will also enable us to draw some general conclusions
in terms of main differences and points in common between the different regions
under research.

The rest of the section is organised as follows: the presentation of
empirical results, then the major findings derived from the comparison of
emerging economies with the G-7 economies, and finally the section’s

conclusions.

4.4.2 Empirical Results

This section’s purpose is the presentation and discussion of the main
findings obtained after investigating volatility spillovers between stock returns
and exchange rate changes for the G-7** (Canada, France, Germany, Italy, Japan,
the UK and the USA) for the period 1 January 1996 to 31 December 2006, a time
period that is consistent with the ones used for the analysis of emerging
economies. In order to analyse the relationship between these two variables, the
sample is split into three sub samples which provide more detail and a better
understanding of volatility spillovers between the two variables, and also keeps
the analysis aligned with the studies that have been done in previous sections.
Initially, the relationship between these two variables is analysed before the

introduction of the Euro, i.e. for the period 1996-1998. Then the study proceeds

* All the results for this section can be found in Appendix D.
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analysing the time period after the introduction of the Euro, that is, from 1999-
2006. Furthermore, there is also an interest in examining whether the first years of
the single currency in the European financial markets affected the relationship
between the two variables. The first sub period, after the irrevocable locking of
exchange rates took place, covers 1999-2001. The second sub period, 2002-2006,
corresponds to a period where the Euro was physically introduced in the financial
markets. The data set consists of daily closing values for the stock market indices
in each country, as well as daily closing values for the exchange rates of each
country against the Euro, DM, UK pound (£), Swiss Franc (CHF), Japanese Yen
(¥) and the US dollar ($). Data was taken from DataStream and the Federal

Reserve Statistic Release, giving a total of 2766 observations for each series.

4.4.2.1 Descriptive Statistics

The analysis begins by providing descriptive statistics for stock returns
and exchange rates, in order to summarise the statistical characteristics of the
sample. For the stock returns of each country for 1996-1998 it is found that the
means are positive in all the cases, with the exception of the Nikkei 225, where
the Japanese economy’s lost decade would have influenced it. During 1999-2001,
the sample means of stock returns are positive in the case of Canada, France and
the US, while for Germany, Italy, Japan and the UK stock returns means are
negative. During 2002-2006 the means of all the indices are positive. The
standard deviations (SD) of the stock returns provide information about the
volatility of the markets during the three periods. In general, all the markets show
higher volatility during the initial years of the introduction of the Euro on
financial markets than during 1999 to 2001. This is not surprising, as the
introduction of the European currency was a major event, which led to insecurity
for financial investors; therefore, this sentiment was translated onto the markets,
and was reflected by volatile behaviour in the stocks. The SD ranges from 1.23

per cent (Dow Jones) to 1.58 per cent (DAX 30). The standard deviations for
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2002-2006 range from 0.81 per cent (S&P/TSX Composite) to 1.61 per cent
(DAX 30). The skewness and kurtosis coefficients indicate that stock returns are
leptokurtic relative to the normal distribution.

The descriptive statistics for the exchange rate returns are presented for
each country, to capture the behaviour of the exchange rates on an individual
country basis. Overall, there is a wide variation in the sign and magnitude of the
means and standard deviations both over time, across countries and across the
various bilateral exchange rates included in the analysis. This diversity of results
is explained by the differences on each country and their reactions to different
events in the economy, like the Asian financial crisis, the dot.com bubble that
took place during this period and of course the introduction of the Euro that is
subject of this section’s study. For Canada, during 1996-1998 the means of the
exchange rates are positive in the case of the C$/$, C$/£ and the C$/¥, while the
C$/CHF and the C$/DM means are negative. During 1999-2001, the means for
the C$/€ and the C$/$ are positive while the C$/£, C$/¥ and the C$/CHF are
negative, and during 2002-2006 the means for all the exchange rates are negative.
The SD show that, as with the stock returns, the exchange rates are more volatile
during the first years of the introduction of the Euro on financial markets, where
the SD range from 0.36 per cent (C$/$) to 0.79 per cent (C$/¥).

For the period prior to the introduction of the Euro (1996-1998), what is
remarkable is that the results are a mixture of positive and negative means,
depending on the country and the currency under analysis. Positive results are
explained by the tranquillity of the markets with regard to the Euro introduction
process, while the negative results could also be driven by some sort of influence
derived from the Asian crisis that could be lasting on the markets. For France, the
results show that the means are positive in the case of the Franc/$, Franc/£ and the
Franc/¥, while the means are negative for the Franc/CHF and the Franc/DM. For
Germany, the means for the DM/$, DM/£, and the DM/¥ are positive, while the
DM/CHF mean is negative. For Italy, for this period the means are positive for the

Lira/$, Lira/£, while the Lira/¥%, Lira/CHF and the Lira/DM are negative.
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During 1999-2001 the €/$ and the €/£ means are negative while the €/¥
and the €/CHF are positive; this situation reverses during 2002-2006 when the €/$
and the €/£ means are positive and the €/¥ and the €/CHF means are negative. As
with Canada, it is also found that in this case the volatility in the exchange rates is
higher during the 1999-2001 period than in the other periods, ranging from 0.24
per cent (€/CHF) and 0.90 per cent (€/¥).

For Japan, during 1996-1998 the means for the ¥/$, and the ¥/£ are
positive while those for the ¥/CHF and the ¥/DM are negative; during 1999-2001,
the ¥/€ and the ¥/CHF means are negative, while the ¥/$ and the ¥/£ are positive,
and finally during 2002-2006 the means are positive in all the cases with the
exception of the ¥/$ which is negative. The volatility of these markets was higher
during the 1999-2001 period, as in the previous cases, with the SD ranging from
0.71 per cent (¥/$) to 1 per cent (¥/CHF). The results for Japan have to be
considered differently than for the rest of the countries, as the results are affected
by the ‘lost decade’ experienced by the country, and also by the level of
uncertainty derived from the Asian crisis and the introduction of the Euro.

For the UK for 1996-1998, the means for all the exchange rates are
negative; these results can be explained by the effects of the Asian crisis, and also
by the uncertainty generated by the Euro process. During 1999-2001 the means
are positive in all the cases with the exception of the £/CHF. In this case, the
British economy did not reflect any significant effect with regard to the market
uncertainty that could be derived from the introduction of the Euro, or even from
the September 11, 2001 terrorist attack in the US. These results are quite
surprising as the UK has strong relationships with the US and European
economies. Finally, during 2002-2006 the means are negative in all cases; these
results are explained by the economic slow down experienced by the UK
economy since 2001. The SD coefficients indicate that the exchange markets were
more volatile during 1999-2001 than in the other periods, where volatility ranges

from 0.51 per cent (£/€ and £/$) to 1 per cent (£/¥).
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For the US, the mean coefficients are positive during 1996-1998 in all the
cases, with the exception of the $/£, which reflects that the US did not suffer to a
great extent from the Asian crisis. During 1999-2001 the means are negative in all
the cases with the exception of the €/£ where the means are positive. These results
are explained by a lack of confidence generated by the introduction of the Euro,
and later on by the September 11, 2001 terrorist attacks. Finally during 2002-2006
the means are positive with the exception of the $/€, which is negative, results that
could be explained by the European economic slowdown experienced during
these years. The SD coefficients show that again the exchange rates were more
volatile during 1999-2001 than in the rest of the period, ranging from 0.49 per
cent ($/£) to 0.7 per cent ($/¥).

The results from the ADF test statistics indicate that the null hypothesis of
the existence of unit root in levels for all variables is rejected in all periods
indicating that all series are 1(0).

In order to establish the correct lag length for the EGARCH model, the
Likelihood Ratio test is applied; this is done in order to get the best model for the
analysis of the two variables relationship. Dealing firstly with the stock return
equations, for the 1996-1998 period, the EGARCH (1,1) model is chosen for the
DM/$ for Germany and for the $/£, $/Yen and the $/DM for the US. For the 1999-
2001 period the EGARCH (1,1) is selected for Canada for the C$/$, C$/¥ and the
C$/CHF. For Germany and Japan for the same period, this model was also chosen
for all bilateral exchanges rates. In the case of the 2002-2006 period for France
regarding the €/$ and the €/%, as well as for Germany for the €/¥ and for Japan for
all bilateral exchange rates, the (1,1) model was selected on the basis of the LR
results. Finally, and in relation to all countries for all other exchange rates the
EGARCH (2,1) model was selected for the stock return equation.

When applying the model selection criterion for the exchange rate
equation, during the 1996-1998 period the EGARCH (1,1) model is chosen for
Canada in the case of the C$/$, for France for the FR/DM, for Germany for the
DM./$ and for Japan for the Y/CHF. In the case of the 2002-2006 period, again
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the (1,1) model is selected for Canada for the C$/$ and the C$/£, for France and
Italy for the €/8, for the UK for the £/€, and the £/CHF and finally in the case of
the US for the $/€ and the $/£. Again, for all countries and for all other exchange
rates in each period, the EGARCH (2,1) model was chosen for the exchange rate

equation.

4.4.2.2 Volatility Persistence

Firstly, in relation to the coefficients on the volatility persistence term, the
results for all three periods are presented throughout tables 4.21 to 4.23, and their
main characteristic is that they vary depending on the country and the respective
equation under analysis. In general, it has nevertheless been found that the
majority of terms are significant for both the stock returns and exchange rate
changes. Regarding the significance of volatility persistence in stock returns, Italy
was the only country for which the volatility persistence term was significant in
all periods across all bilateral exchange rates. France also showed consistency
across all time periods for all exchange rates with only the €/CHF being not
significant in 2002-2006 (see table 4.23). There appears to be more consistency
between the pre Euro period (see table 4.21) and the 2002-2006 period for certain
countries; for example, for Canada and the UK, all bilateral exchange rates are
significant for the stock return equation in both periods (tables 4.22 and 4.23) but
insignificant for the 1998-2001 (table 4.21) period. While all coefficients were
significant across all exchange rates for Japan in the pre-Euro period (table 4.21),
there was no significant persistence evident after the introduction of the Euro
(tables 4.22 and 4.23). In contrast, there was no significant volatility persistence
in the US apart from the $/CHF prior to the Euro (table 4.21) and for the 1999-
2001 period (table 4.22), but for 2002-2006 (table 4.23) all bilateral exchange
rates were insignificant on the stock returns. For the persistence of volatility of
exchange rates, an interesting feature of the results which reflects the analysis of

more than one exchange rate, is that the persistence of volatility of exchange rates
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varies depending on which bilateral exchange rate is included in the EGARCH
model. Overall, there appears to be more widespread persistence in the 1996-1998
period (table 4.21) and the 2002-2006 period (table 4.23) than the 1991-2001
period (table 4.22) for Canada, Japan, Germany and Italy. Only for the US and
France was there more significant volatility persistence across exchange rates in
the 2002-2006 period (table 4.23) than in the periods prior to this, while for the
UK the 2002-2006 period (table 4.23) showed a decline in the significance of
volatility persistence across exchange rates compared to earlier periods. Thus, the
impact of the introduction of the Euro on the persistence of the volatility of stock
returns and exchange rates has not had a uniform impact across the financial
markets in the G-7.

As can be seen from the results, each country has been affected in a
different manner by the introduction of the Euro, and also the results are different
depending on the currency that is taken under consideration. These findings are
quite logical as depending on their international relationships, stock returns and
exchange rates will be affected in a stronger way by countries with stronger
investments linkages, than by countries with weaker relationships. In general
terms the introduction of the Euro seems to generate an effect in stock markets
and currencies, but as mentioned before, the Euro is an amalgamation of the euro-
area currencies, so the stronger economies would have a higher representation in
the currency than the weaker economies; therefore, when analysing the interaction
of the Euro with other exchange rates and stock markets, this situation would be
reflected by insignificant relationships with the countries or currencies for which

the economic interlinkages are weaker.
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Table 4.21 EGARCH RESULTS VOLATILITY PERSISTENCE 1996-1998

Canada Cs/$ Cs¥ C$/DM C$/CHF CS$/£
Stock Returns 0.2749 0.2083 0.2766 0.2706 0.2828
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.1335 0.2671 0.2173 0.1132 0.0866
(0.004)* (0.002)* (0.004)* (0.038)** (0.005)*
France FR/$ FR/E FRM¥ FR/CHF FR/DM
Stock Returns 0.1279 0.1314 0.1270 0.1278 0.1322
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.0171 0.0569 0.1826 0.0436 0.6480
(0.83;) (0.0386)** (0.000)* (0.088)*** (0.000)*
Germany DM/ DM/E DM/¥ DM/CHF
Stock Returns 0.1345 -0.0596 0.1538 -0.0314
(0.000)* (0.4952) (0.000)* (0.7285)
Exchange Rates -0.1973 -0.1532 -0.1936 -0.1417
(0.652) (0.026)** (0.000)* (0.0311)**
Italy LIRA/CHF LIRA LIRA/DM LIRA/E LIRA/$
Stock Returns 0.2081 0.2652 0.1914 0.2522 0.2534
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.0303 0.2463 0.1422 0.1098 0.1059
(0.227) (0.006)* (0.000)* (0.002)* (0.003)*
Japan ¥/ ¥/E ¥/CHF ¥/DM
Stock Returns 0.0450 0.0607 0.0528 0.0483
(0.033)** (0.008)* (0.0130)** (0.0215)**
Exchange Rates 0.2261 0.2589 0.1903 0.1523
(0.0235)** (0.004)* (0.093)*** (0.000)*
UK £/$ £I¥ £/CHF £/DM
Stock Returns 0.0741 0.0851 0.0873 0.0862
(0.002)* (0.001)* (0.001)* (0.001)*
Exchange Rates -0.0017 0.2637 0.0549 0.0638
(0.891) (0.002)* (0.107) (0.017)**
us $/IE $/¥ $/CHF $/DM
Stock Returns -0.0332 -0.0306 0.1396 -0.0381
(0.741) (0.760) (0.005)* (0.723)
Exchange Rates 0.0063 0.2147 0.0425 -0.0863
(0.647) (0.017)** (0.570) (0.287)

*1% significance level, **5% significance level, ¥***10% significance level
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Table 4.22 EGARCH RESULTS VOLATILITY PERSISTENCE 1999-2001

Canada Cs$/$ Cs/¥ C$/CHF C$/£ Cs/€
Stock Returns -0.11603 -0.1227 -0.1101 -0.1016 -0.1172
(0.286) (0.237) (0.279) (0.327) (0.304)
Exchange Rates -0.1667 0.0292 -0.0409 0.0959 -0.0225
(0.159) (0.189) (0.274) (0.220) (0.746)
France €/ €If €% €/CHF
Stock Returns 0.1021 0.0966 0.0978 0.0939
(0.028)** (0.042)** (0.027)** (0.041)**
Exchange Rates -0.1106 0.2804 0.1108 0.1558
(0.072)%** (0.001)* (0.068)*** (0.002)*
Germany €/$ €IE €/¥ €/CHF
Stock Returns -0.1973 -0.1532 -0.1936 -0.1417
(0.013)** (0.080)*** (0.021)** (0.109)
Exchange Rates -0.1122 0.2794 0.0965 0.1614
(0.103) (0.001)* (0.092)*** (0.001)*
Italy €/CHF €¥ €I €/$
Stock Returns 0.2301 0.2535 0.2627 0.2671
(0.001)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.1536 0.1058 0.2543 -0.1050
(0.003)* (0.079)*** (0.003)* (0.124)
Japan ¥/€ ¥/$ ¥/E ¥/CHF
Stock Returns -0.1268 -0.1209 -0.1261 -0.1059
(0.2795) (0.272) (0.251) (0.085)***
Exchange Rates 0.0929 0.0430 0.0171 -0.1059
(0.097)*** (0.066)*** (0.503) (0.334)
UK £I€ £/$ £I¥ £/CHF
Stock Returns 0.0691 0.0689 0.0599 0.0660
(0.059)*** (0.106) (0.106) (0.073)%**
Exchange Rates 0.0858 0.1377 0.1879 0.0728
(0.211) (0.115) (0.000)* (0.130)
us $/€ $/IE $/¥ $/CHF
Stock Returns 0.0550 0.0860 0.0388 0.0540
(0.147) (0.238) (0.292) (0.124)
Exchange Rates -0.0537 0.0860 0.0516 -0.0557
(0.272) (0.238) (0.028)** (0.458)

*1% significance level, **5% significance level, ***10% significance level

147



Interlinkages between Equity, Currency, Precious Metals and Oil Markets: an Emphasis on Emerging Markets

Table 4.23 EGARCH RESULTS VOLATILITY PERSISTENCE 2002-2006

Canada Cs$/$ Cs/¥ C$/CHF C$/£ Cs$/€
Stock Returns 0.0886 0.0794 0.0821 0.0871 0.0981
(0.001)* (0.004)* (0.002)* (0.002)* (0.001)*
Exchange Rates 0.1044 0.0548 0.1240 0.0371 0.0455
(0.014)** (0.044)** (0.000)* (0.597) (0.386)
France €/ €If €% €/CHF
Stock Returns -0.0568 -0.0618 -0.0672 0.0947
(0.492) (0.417) (0.406) (0.000)*
Exchange Rates -0.1165 0.0402 0.0466 0.0957
(0.115) (0.005)* (0.029)** (0.001)*
Germany €/$ €IE €/¥ €/CHF
Stock Returns 0.1116 0.1063 -0.0230 0.1035
(0.000)* (0.000)* (0.781) (0.000)*
Exchange Rates 0.0596 0.0377 0.0459 0.0914
(0.005)* (0.008)* (0.036)** (0.002)*
Italy €/CHF €¥ €I €/$
Stock Returns 0.0660 0.0774 0.0741 0.0832
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.0919 0.0488 0.0447 -0.0934
(0.001)* (0.029)** (0.002)* (0.209)
Japan ¥/€ ¥/$ ¥/E ¥/CHF
Stock Returns -0.0693 -0.0437 -0.0461 -0.0606
(0.359) (0.581) (0.555) (0.442)
Exchange Rates 0.0491 -0.0040 0.0942 0.1363
(0.019)** (0.962) (0.259) (0.007)*
UK £I€ £/$ £I¥ £/CHF
Stock Returns 0.0814 0.0883 0.0741 0.0720
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.1052 -0.0158 0.0226 -0.0887
(0.070)*** (0.131) (0.431) (0.233)
us $/€ $/IE $/¥ $/CHF
Stock Returns 0.0663 0.0654 0.0585 0.0664
(0.000)* (0.000)* (0.001)* (0.000)*
Exchange Rates -0.0843 0.1561 0.0136 0.0544
(0.254) (0.007)* (0.873) (0.007)*

*1% significance level, **5% significance level, ***10% significance level

4.4.2.3 Volatility Spillovers

The results for volatility spillovers effects are presented in tables 4.24 to
4.26% . In terms of the coefficients for the volatility spillover effects, firstly there
is a large degree of consistency across countries and time periods for spillovers
from stock returns to exchange rate changes. The results find significant spillovers
at the 5 per cent level in the cases of Canada, France, Japan and the UK for all
periods (tables 4.24 to 4.26) and all bilateral exchange rates. For Germany, in the

period prior to the introduction of the Euro, the DM/$ was the only exchange rate

2 The tables are organised as follows: the first table (4.24) presents the results for the first sub
period (1996-1998); the second table (4.25) for the second sub period (1999-2002) and the third
tables (4.26) the results for the third sub period (2002-2006).
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for which there were not significant volatility spillovers from the stock market,
with significant spillovers evident from the stock market to all exchange rates
after 1999. Thus, the volatility of stock returns had an important influence and has
been a determinant of volatility of all bilateral exchange rates included in the
analysis of these countries. Furthermore, the impact of stock market volatility on
exchange rates has not been altered significantly by the introduction of the Euro
in the sense that the cross exchange rates against the $, Yen, £ and the CHF
existed prior to the introduction of the Euro as well as after it across nearly all G-7
markets. This could be explained by the fact that these economies are quite strong
and investors take special care in keeping their risk exposure strategies under
control, so that even with the kind of uncertainty derived from the introduction of
the Euro, investors’ hedging techniques would be monitored and updated. In
addition to this, it is also found that for the pre Euro period, Italy was the only
country in the G-7 for which there were no volatility spillover effects from the
stock market to any of the bilateral exchange rates included in the study. After the
Euro was introduced, the $/£ exchange rate was the only exchange rate where no
volatility spillovers were evident from the US stock market at the 5 per cent level,
although it was significant at the 10 per cent level.

The significant coefficients indicate that the volatility of stock returns was
a determinant of the volatility of the exchange rate and that information contained
in stock prices impacted on the behaviour of exchange rates in these markets.
Significant coefficients are also indicative of integration between stock markets
and exchange rate markets; given that the G-7 markets are the most developed
financial markets globally, the existence of integration is not surprising and a
priori expectations were aligned with such a result. In addition, the lack of
spillovers in Italy in the pre Euro period can be taken as evidence that the stock
and currency markets in Italy were not as integrated as in other more developed
G-7 countries. Furthermore, where the coefficients are insignificant, this indicates
that prior to the introduction of the Euro there was some potential for

diversification between stock markets and currency markets in these countries.
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In terms of volatility spillovers from exchange rates to stock markets, the
results are less significant across countries and over time. For the 1996-1998
period (table 4.24), Canada, Germany and Italy had no significant spillovers. For
the other countries included in the analysis, there were a number of bilateral
exchange rates where significant spillovers were evident from exchange rates to
stock returns at the 5 per cent level; for the period prior to the introduction of the
Euro, there were significant spillovers for France for the FR/DM, for Japan for the
Yen/CHF, for the UK for the £/$ and for the US for the $/£ exchange rates. After
the Euro was introduced there is some commonality regarding exchange rates; the
results find significant volatility spillover effects for stock markets. For the €/Yen
and the Yen/CHF the volatility spillovers were significant for the stock markets in
France, Germany and Italy, the Yen/€ and the Yen/CHF for the Japanese stock
market, the £/€ and £/CHF for the UK market and the $/C$ for the US market. For
the 2002-2006 period (table 4.26), again there were only a small number of all
exchange rates included for which significant volatility spillovers into stock
markets were observed; for Canada for the C$/£, for Japan for the Yen/£, for the
UK for the £/€ and £/$. No significant spillovers were evident in France,
Germany or Italy.

The lack of significant spillovers from exchange rates to stock markets in
the pre Euro period could be indicative of wider use of hedging by firms listed on
the stock markets in these countries than after the introduction of the Euro. It may
also be the case that the adoption of the Euro brought greater volatility to certain
stock markets given the global nature of the currency which investors would not
have been exposed to prior to the Euro’s introduction. Another fact to take into
account is that the G-7 economies show a high level of integration; therefore,
there is an important level of cross investment among these countries.
Consequently, the use of sophisticated techniques dealing with risk management
and exposure are implemented as common practice and this is reflected by the
markets through the existence of insignificant coefficients capturing spillover

effects.
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Table 4.24 EGARCH RESULTS VOLATILITY SPILLOVERS 1996-1998

Canada C$/$ C$/¥ C$/DM C$/CHF C$/E
Stock Returns -0.1079 -0.0585 -0.0998 -0.0987 -0.0954
(0.005)* (0.023)** (0.010)* (0.010)* (0.008)*
Exchange Rates 0.0147 0.0834 0.0744 0.0458 0.0583
(0.577) (0.067)*** (0.145) (0.356) (0.121)
France FR/$ FR/E FR/¥ FR/CHF FR/DM
Stock Returns -0.0531 -0.0655 -0.0599 -0.0635 -0.0688
(0.017)%* (0.003)* (0.010)* (0.003)* (0.002)*
Exchange Rates -0.0309 0.0270 0.0208 0.0265 0.1147
(0.537) (0.117) (0.558) (0.229) (0.018)**
Germany DM/$ DMI/E DM/¥ DM/CHF
Stock Returns -0.0339 -0.0750 -0.0494 -0.0603
(0.170) (0.005)* (0.040)** (0.018)**
Exchange Rates -0.0367 0.0176 0.0128 0.0362
(0.441) (0.247) (0.716) (0.255)
Italy Lira/$ Lira/f Lira¥ Lira/CHF Lira/DM
Stock Returns -0.0204 -0.0376 -0.0141 -0.0341 -0.0376
(0.495) (0.303) (0.627) (0.327) (0.290)
Exchange Rates -0.0195 0.0601 0.0162 0.0174 0.0121
(0.074)%** (0.157) (0.577) (0.419) (0.692)
Japan ¥/$ ¥/E ¥/CHF ¥/DM
Stock Returns -0.1320 -0.1324 -0.1364 -0.1416
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates -0.0586 -0.0587 -0.1899 -0.0116
(0.1997) (0.307) (0.005)* (0.736)
UK £/$ £I¥ £/CHF £/DM
Stock Returns -0.0516 -0.0653 -0.0596 -0.0629
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates -0.0402 0.0580 -0.0063 -0.0136
(0.035)%* (0.304) (0.686) (0.352)
us $/IE ¥ $/CHF $/DM
Stock Returns -0.1577 -0.1601 -0.1363 -0.1583
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.0493 0.0392 0.0904 -0.0332
(0.019)** (0.384) (0.072)** (0.506)

*1% significance level, **5% significance level, ***10% significance level
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Table 4.25 EGARCH RESULTS VOLATILITY SPILLOVERS 1999-2001

Canada C3$/$ C3/¥ C$/CHF C3/E C$/€
-0.1014 -0.1031 -0.1078 -0.1093 -0.0619
Stock Returns (0.000)* (0.000)* (0.000)* (0.000)* (0.029)**
-0.0693 0.0252 -0.0054 0.0244 0.0180
Exchange Rates
(0.259) (0.117) (0.794) (0.556) (0.743)
France €/% €IE €¥ €/CHF
-0.0954 -0.0805 -0.0806 -0.0671
Stock Returns (0.002)* (0.009)* (0.011)** (0.024)**
Exchange Rat -0.0210 -0.0753 0.0824 0.1331
xehange Rates (0.639) (0.255) (0.008)* (0.008)*
Germany €/$ €IE €/¥ €/CHF
-0.1217 -0.1131 -0.1106 -0.1075
Stock Returns (0.001)* (0.002)* (0.002)* (0.002)*
Exchanee Ratos -0.0158 -0.0800 0.0665 0.1333
xchang (0.723) (0.232) (0.023)** (0.008)*
Italy €/CHF €Ny €lE €3
-0.0815 -0.0928 -0.0961 -0.1009
Stock Returns (0.002)* (0.018)** (0.011)** (0.008)*
Exchanee Rates -0.1292 -0.0770 -0.0793 -0.0143
& (0.011)%* (0.013)** (0.229) (0.745)
Japan ¥/€ ¥/$ ¥/E ¥/CHF
-0.0939 -0.0896 -0.0894 -0.0840
Stock Returns (0.0505)%%* (0.004)* (0.004)* (0.001)*
Exchanee Rat -0.0617 -0.0349 -0.0242 -0.0840
change ates (0.031)** (0.094)¥** (0.3777) (0.006)*
UK £/€ £/% £1¥ £ICHF
-0.1015 -0.1166 -0.1117 -0.1101
Stock Returns (0.052)%** (0.035)%* (0.041y%* (0.039)**
Exchanee Rates -0.1385 -0.0556 -0.0024 0.0515
xchang (0.002)* (0.227) (0.956) (0.073)***
us $/€ $/E $/¥ $/ICHF
-0.1372 0.0740 -0.1324 -0.1306
Stock Returns (0.000)* (0.0831)*++ (0.000)* (0.000)*
Exchanee Rat 0.0270 0.0740 0.0323 -0.0004
xehange Rates (0.560) (0.083)¥** (0.136) (0.989)

*1% significance level, **5% significance level, ***10% significance level
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Table 4.26 EGARCH RESULTS VOLATILITY SPILLOVERS 2002-2006

Canada C$/$ C$r¥ C$/CHF C$/E C$/€
Stock Returns -0.0803 -0.0850 -0.0836 -0.0833 -0.0939
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates -0.0081 -0.0104 0.0073 0.0145 0.0977
(0.656) (0.657) (0.751) (0.012)** (0.097)
France €% €IE €¥ €/CHF
Stock Returns -0.1149 -0.1304 -0.1156 -0.1297
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.0032 0.0043 0.0032 -0.0023
(0.814) 0.727) (0.863) (0.925)
Germany €/$ €IE €/¥ €/CHF
Stock Returns -0.0949 -0.1109 -0.1083 -0.0991
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.0069 0.0053 0.0004 -0.0041
(0.571) (0.664) (0.982) (0.866)
Italy €/CHF €4 €I €/$
Stock Returns -0.0983 -0.0923 -0.0996 -0.0868
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.0022 -0.0031 0.0035 0.0032
(0.925) (0.867) (0.775) (0.799)
Japan ¥/€ ¥/$ ¥/E ¥/CHF
Stock Returns -0.0506 -0.0598 -0.0595 -0.0583
(0.0477)%* (0.025)** (0.026)** (0.029)**
Exchange Rates 0.0007 0.0241 -0.1276 -0.0055
0.971) (0.682) (0.033)** (0.892)
UK £I€ £/$ £I¥ £/CHF
Stock Returns -0.1205 -0.1189 -0.1244 -0.1278
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.0958 -0.0340 0.0218 -0.0024
(0.041)** (0.000)* (0.2887) (0.757)
us $/€ $/E ¥ $/CHF
Stock Returns -0.0802 -0.0810 -0.0852 -0.0777
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates -0.0080 -0.1030 -0.0662 -0.0035
(0.494) (0.020)** (0.272) (0.801)

*1% significance level, **5% significance level, ***10% significance level

4.4.2.4 Asymmetric Spillovers

The results for asymmetric spillover effects from stock returns to
exchange rates are presented in tables 4.27 to 4.29. The results show that the
coefficients are significant in all the cases and for all periods. Analysing
asymmetric spillover effects from exchange rates to stock returns the results show
some differences; during 1996-1998 (table 4.27) the coefficients are significant in
almost all the cases, with the exception of Canada where the C$/DM coefficient is
insignificant. France shows an insignificant coefficient in the case of the FR/$; for
Germany, the DM/$ relationship is insignificant and finally the $/DM relationship
for the US is insignificant as well. During 1999-2001 (table 4.28), the results

share the same characteristics; in general terms, the coefficients are significant but
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there are a few exceptions in relation to the following countries where the
coefficients are insignificant: in the case of Canada, it is found that the
coefficients are insignificant for the C$/$, C$/£ and the C$/€. The analysis for
France, Germany and Italy show that the €/£, and for the US the $/CHF, show
insignificant coefficients. Analysing the last period 2002-2006 (table 4.29) the
results show that again the coefficients are significant in almost all the cases. A
few exceptions were found where the coefficients are insignificant; this was the
case for Japan (¥/$ and ¥/£), for the UK (£/€) and for the US ($/£ and $/¥). If
significant coefficients regarding asymmetric spillovers effects are found it means
that bad news generate a higher impact on the markets than good news, and
knowing that an insignificant coefficient means that the effect is symmetric, it is
possible to conclude that the existence of insignificant coefficients in this area
could be explained by a low level of integration between some markets. So, when
a particular positive or negative event takes place in one country, this would not
affect the other economy, due to a low level of integration. Another reason could
be found in the time periods under analysis. As was mentioned at the beginning of
the study, the G-7 countries are very different individual economies, and also the
time period under investigation is quite long. So it could be possible that the
series suffers from structural breaks, and it is well-known that statistical models
tend to underperform under such circumstances. The subdivision of the whole
sample under analysis into different sub periods could be minimising the
structural break negative effects on the results. It is worth mentioning that each
economy has different internal problems that could generate structural
breakpoints. Thus, it would be necessary to study each economy in greater detail

and adjust the model to capture the existence of odd periods.

154



Interlinkages between Equity, Currency, Precious Metals and Oil Markets: an Emphasis on Emerging Markets

Table 4.27 EGARCH RESULTS ASYMMETRIC SPILLOVERS 1996-1998

Canada C$/$ C3/¥ C$/DM C$/CHF C$/E
Stock Returms 0.9642 0.9742 0.9665 0.9674 0.9660
u (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9874 0.9027 -0.1972 0.8954 0.9896
xchang (0.000)* (0.000)* (0.598) (0.000)* (0.000)*
France FRI$ FRIE FRIY FRICHF FR/IDM
Stock Returms 0.9899 0.9907 0.9893 0.9902 0.9876
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rat 03573 0.9926 0.9804 0.9811 0.9507
change Rates (0.104) (0.000)* (0.000)* (0.000)* (0.000)*
Germany DM/$ DMI/E DM/¥ DM/CHF
Stock Return 0.9931 0.9843 0.9895 0.9859
ock Returns (0.000)* (0.000)* (0.000)* (0.000)*
Exchanee Rates -0.4816 0.9930 0.9846 0.9767
xchang (0.289) (0.000)* (0.000)* (0.000)*
Italy Lira/$ Lira/E Lira/¥ Lira/CHF Lira/DM
Stock Returms 0.9613 0.9355 0.9634 0.9406 0.9351
u (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchanee Rates 0.9945 0.9390 0.9983 0.9829 0.9749
& (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Japan ¥/$ ¥/E ¥/CHF ¥/DM
Stock Returms 0.9874 0.9856 0.9870 0.9861
(0.000)* (0.000)* (0.000)* (0.000)*
Exchanee Rat 0.9405 0.9097 0.5479 0.9867
change Rates (0.000)* (0.000)* (0.000)* (0.000)*
UK £I% £1Y £/ICHF £/DM
Stock Retumn 0.9947 0.9937 0.9948 0.9943
ock Returns (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9934 0.9102 0.9871 0.9924
xchang (0.000)* (0.000)* (0.000)* (0.000)*
us $/E $/¥ $/ICHF $/DM
Stock Returms 0.9372 0.9399 0.9615 0.9475
u (0.000)* (0.000)* (0.000)* (0.000)*
0.9964 0.9554 0.7299 -0.4999
Exchange Rates
& (0.000)* (0.000)* (0.000)* (0.472)

*1% significance level, **5% significance level, ***10% significance level

155



Interlinkages between Equity, Currency, Precious Metals and Oil Markets: an Emphasis on Emerging Markets

Table 4.28 EGARCH RESULTS ASYMMETRIC SPILLOVERS 1999-2001

Canada Cs$/$ Cs/¥ C$/CHF C$/£ Cs/€
Stock Returns 0.9385 0.9398 0.9413 0.9365 0.9682
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.3974 0.9778 0.9169 -0.6604 -0.7229
(0.285) (0.000)* (0.000)* (0.047)** (0.329)
France €/ €If €% €/CHF
Stock Returns 0.9415 0.9437 0.9484 0.9483
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates -0.8955 -0.0025 0.9047 0.9597
(0.000)* (0.994) (0.000)* (0.000)*
Germany €/$ €IE €/¥ €/CHF
Stock Returns 0.9181 0.9084 0.9152 0.9118
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates -0.8885 -0.0042 0.9204 0.9614
(0.000)* (0.990) (0.000)* (0.000)*
Italy €/CHF €¥ €I €/$
Stock Returns 0.9426 0.9385 0.9375 0.9371
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9608 0.9054 0.0176 -0.8917
(0.000)* (0.000)* (0.963) (0.000)*
Japan ¥/€ ¥/$ ¥/E ¥/CHF
Stock Returns 0.9325 0.9337 0.9325 0.9391
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9236 0.9795 0.9611 0.9391
(0.000)* (0.000)* (0.000)* (0.000)*
UK £I€ £/$ £I¥ £/CHF
Stock Returns 0.9306 0.9173 0.9214 0.9183
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates -0.7294 -0.7077 0.9824 0.9439
y 000)* (0.000)*
(0.000)* (0.000)* (0. .
us $/€ $/IE $/¥ $/CHF
Stock Returns 0.9662 -0.7464 0.9643 0.9698
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates -0.9072 -0.7464 0.9831 0.7417
g
(0.000)* (0.000)* (0.000)* (0.102)

*1% significance level, **5% significance level, ***10% significance level

156



Interlinkages between Equity, Currency, Precious Metals and Oil Markets: an Emphasis on Emerging Markets

Table 4.29 EGARCH RESULTS ASYMMETRIC SPILLOVERS 2002-2006

Canada C$/$ C$r¥ C$/CHF C$/E C$/€
Stock Returns 0.9658 0.9649 0.9658 0.9651 0.9562
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9763 0.9703 0.9570 0.9923 -0.6080
(0.000)* (0.000)* (0.000)* (0.000)* (0.002)*
France €% €IE €¥ €/CHF
Stock Returns 0.9858 0.9844 0.9864 0.9858
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9824 0.9983 0.9946 0.9669
(0.000)* (0.000)* (0.000)* (0.000)*
Germany €/$ €IE €/¥ €/CHF
Stock Returns 0.9878 0.9871 0.9857 0.9874
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9868 0.9986 0.9947 0.9662
(0.000)* (0.000)* (0.000)* (0.000)*
Italy €/CHF €4 €I €/$
Stock Returns 0.9880 0.9878 0.9869 0.9877
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9670 0.9944 0.9975 0.9842
(0.000)* (0.000)* (0.000)* (0.000)*
Japan ¥/€ ¥/$ ¥/E ¥/CHF
Stock Returns 0.9750 0.9698 0.9695 0.9699
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9943 -0.2654 0.0039 0.8993
(0.000)* (0.894) 0.991) (0.000)*
UK £I€ £/$ £I¥ £/CHF
Stock Returns 0.9872 0.9877 0.9876 0.9876
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates -0.2906 0.9963 0.9589 0.9936
(0.368) (0.000)* (0.000)* (0.000)*
us $/€ $/E ¥ $/CHF
Stock Returns 0.9925 0.9924 0.9930 0.9925
(0.000)* (0.000)* (0.000)* (0.000)*
Exchange Rates 0.9889 -0.0108 -0.3173 0.9810
(0.000)* (0.970) (0.687) (0.000)*

*1% significance level, **5% significance level, ***10% significance level

4.4.2.5 Diagnostic Tests

The diagnostic tests performed share common patterns with the ones done
for the emerging economies; for example, the Jarque-Bera test indicates that the
residuals are not normally distributed. The Ljung-Box statistics for all three
periods and for all countries indicate that there are no residual linear or non linear
dependencies, and as has been found before, in this case there are also some
exceptions where the coefficient was not significant but the problem was
corrected after introducing more lags into the test. Finally, to check the validity of
the assumption of constant correlation adopted in the estimation of the bivariate
models (Kanas, 2000), the LB statistics for the cross products of the standardised

residuals from the stock returns equation and from the exchange rate equation are
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calculated and these statistics indicate that the assumption of constant correlation

over time can be accepted.

4.4.3 Developed Economies versus Emerging Economies: A Comparative

Approach

Throughout the last three sections of this chapter, a detailed analysis of
interlinkages between stock and currency markets in three regions characterised
by a number of emerging economies (e.g. Eastern Europe, East Asia and Latin
America) was conducted. These have been compared to the most developed
economies in the world represented by the G-7. Each section has approached an
individual analysis among the major stock markets in each region, versus a
variety of exchange rates.

The current analysis has also introduced two important time periods in the
world’s recent economic history: 1) first, the study looked at the Asian emerging
economies during times of a critical economic environment; this was achieved by
the analysis of the relationship of the two markets during the Asian financial
crisis. 1) Secondly, due to the lack of research in the area, it was considered of
relevance to undertake an analysis of the major consequences of the introduction
of the Euro in emerging economies in Europe and Latin America.

Analysing the existing literature on the relationships between stock and
currency markets in the G-7, and in particular considering the work done by
Zapatero (1995), the author has learnt that in fully integrated markets, like the
developed economies amalgamated in the G-7, there is a clear linkage between
the volatility of stock prices and the volatility of exchange rates. However,
previous research analysing these two markets’ relationship have not been able to
find relevant evidence with regard to the effect that exchange rates generate on
stock markets. After a careful analysis of past and current research on stock
returns and exchange rates, it is possible to infer that a major problem of the
existing studies (Choi, 1995; Kanas, 2000; Morsley and Pentecost, 2000; Griffin
and Stulz, 2001; Nieh and Lee, 2001, Yang and Doong, 2004) is that they have
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focused their attention exclusively on spillovers derived from the domestic
currency versus the American dollar, and the stock markets. Most of these studies
have found evidence of a unidirectional effect running from stock returns to
exchange rates, but no relevant evidence has been presented with regard to a
reverse effect. However, Yang and Doong (2002) noted that, given the rapid
integration and deregulation of international financial markets during recent years,
exchange rates have become more sensitive to stock market innovations. This
possible effect has not been properly identified by the existing research, due to the
lack of analysis considering a variety of exchange rates and their influence on
stock markets. It is also important to mention that another factor that could be
affecting the general findings of no effects generated from the exchange rates to
the stock markets could be explained by the use of risk management techniques in
most countries against the American dollar and other major currencies like the
Japanese Yen, Euro and British pound. The use of these techniques has clearly
offset currency effects on companies, and therefore diminished the possible
effects that fluctuations in currencies could generate on the stock markets.
Therefore, this kind of action hinders researchers getting a real framework of the
true relationship that exists between these financial markets.

In relation to the existing literature analysing the emerging economies that
have been considered, for example, Fang (2002) found evidence of currency
depreciation adversely affecting stock returns in the case of five East Asian
economies (Hong Kong, Singapore, South Korea, Taiwan and Thailand). The
analysis focused on the Asian markets during and after the financial crisis hit the
region, and Fang (2002) found evidence of an existing bidirectional relationship
between these markets for some of the countries. Chowdhury (2004) found that
the markets of Indonesia and Malaysia are affected by bidirectional causality,
while no evidence of causality exists for the Philippines and Thailand. His results
also vary depending on the time period under analysis.

As was outlined and highlighted by the literature review, there is an

extensive amount of research devoted to the analysis of the interaction between
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equity and currency markets. However, the findings are mixed and controversial,
and do not clarify the true kind of relationship that exists between these two
markets. There is a certain degree of confusion regarding the interaction that
exists between these markets in the different economies of the world. There is no
distinction at all made of the differences and similarities between developed and
emerging economies, and there is a big amount of research looking at the effects
that run from the stock markets to the exchange rates, but little has been done on
the reverse relationship.

For these reasons, a discussion highlighting this thesis’s main findings
with regard to emerging and developed economies is presented in the following

subsection.

4.4.3.1 Comparison between the world most developed economies and

some major emerging economies

When looking at the results that were obtained with regard to volatility
persistence and asymmetric spillovers, the results illustrate a great degree of
consistency between emerging economies and the G-7, where in almost all the
cases the coefficients analysing volatility persistence and asymmetric spillover
appear to be significant; these results are also consistent with the main findings in
previous research in the area. Therefore, these findings are not surprising as
financial markets data is characterised for showing high levels of volatility
persistence; thus, when any shock or event takes place, its effects tend to last in
financial markets, as volatility tends to show clustering patterns. In relation to
asymmetric spillover effects, the analysis also provides important and consistent
results, as the significance of the coefficients just reflects that financial markets
would not be affected in the same manner by different types and intensities of
economic shocks or news. Therefore, financial markets are able to differentiate
between good and bad news and as a consequence they will be affected in a

different manner by them.
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This study’s major finding, when analysing volatility spillovers between

stock and currency markets seems to diverge from previous studies. In this

particular area, a mixture of results was found, and can be differentiated by region

as follows:

b)

a)

East European Emerging Economies: in this case, the period of
analysis looks at the effects that were generated by the introduction of
the Euro in the Euro zone. In this regard, before and after the
introduction of the single currency, the coefficients for volatility
spillover effects from stock returns to exchange rates appear to be
insignificant, with the exception of the Czech Republic where the
coefficient is significant after the introduction of the Euro. Therefore,
any movements or shock taking place in stock markets would not be
transmitted to the currencies. The same result is found when exchange
rates are analysed. The results also show that no clear effect exists
between these markets in any direction. Therefore, the results suggest
the non-existence of integration between these two markets, a situation
that could be explained by the immaturity of these economies and
especially by the effects generated by the transition period that they
were involved in, with the final goal of joining EMU and as a

consequence adopting the Euro as their currency.

Asian Emerging Economies: the results for Asia were generated in a
different context. In this case, the study focused on the analysis of the
effects before, during and after the Asian financial crisis, as it was
considered that the Euro would not have such an impact in these
markets, comparable to the shock that took place in 1997. The analysis
of volatility spillovers for this region brings the following results: 1) in
terms of volatility spillovers from stock returns to exchange rates,

there are some significant differences between the results, for the three
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time periods under analysis. For the entire sample, all the coefficients
are significant, a result that has to be taken carefully as it could be
affected by structural breaks (the crisis). i) During the crisis, the
coefficients are significant for South Korea, Singapore and Thailand.
ii1) For the post crisis period, the coefficients are significant in the case
of Hong Kong. Again these results show evidence of the differences
that exist between these markets and countries, and how the crisis
affected them. Another factor that could be influencing the results is
the quick recovery that these markets experienced after 1998, which
resulted in some kind of stability for the markets; therefore, no major
shocks affected the region, and as a consequence volatility spillover
effects are not identified. In relation to exchange rates spillovers to
stock markets, the main findings show insignificant coefficients for all
the countries and periods of analysis, with the only significant
coefficients associated for the post crisis period in the case of Hong
Kong, Taiwan and Thailand. These results confirm that there is a need
to include a variety of exchange rates, as is done for the Latin

American region and for the developed economies.

Latin America Emerging Economies: in this case, the period of
analysis considers the effects of the introduction of the Euro; the
reasons for doing this research are based on the importance of Spanish
investment in the region, and the need to identify if the introduction of
the Euro as the official currency in Spain could dilute the identification
of influences from the Spanish currency on the Latin American stock
markets. In this case, the results for the volatility spillovers
coefficients present some degree of variation across countries and time
for the various bilateral exchanges. Similar findings are encountered
when analysing spillover effects from exchange rates to stock markets.

The presence of significant coefficients indicates that the volatility of
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the world dominant currencies (US dollar, Japanese Yen, and British
Pound) are determinants of shocks in stock markets. These results are
very interesting, as one could identify some instances where spillovers
were bidirectional in nature between the two markets. These results
imply that bidirectional spillovers can be taken as evidence of a high
degree of integration between stock markets and the major currencies.
These kinds of results are not found when looking at the linkages
between stocks returns and exchange rates of neighbouring countries.
Therefore, it seems that the level of integration would be more
currency specific in this part of the world. When comparing these
results to the ones obtained for the Asian region, it is evident that there
is some effect running from the exchange rates to stock markets, which
the analysis did not detect in the Asian case as the exchange rates

under consideration were limited to the region and the U.S dollar.

The G-7 Countries: when looking at the coefficients analysing
volatility spillover effects, a large degree of consistency across
countries and time periods is found. For spillovers running from stock
returns to exchange rates, the results are consistent with the major
findings in the existing literature. So it is possible to conclude that
shocks in stock markets are very important in determining volatility in
the exchange rate markets, and also confirm the high level of
integration that exists between them. These results are not surprising,
as the G-7 join together the most developed financial markets globally.
In terms of volatility spillovers from exchange rates to stock markets,
the results are less significant across countries and overtime. However,
a number of bilateral exchange rates are found where significant
spillovers are evident from exchange rates to stock returns, results that
are consistent with the Latin American results where similar evidence

was found.
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This thesis’s major finding reflects that the results are affected to some extent
by the introduction of a large number of bilateral exchange rates, and this puts
into question the generalised assumption that exchange rates will not generate
effects on stock markets. The author expected to find evidence of exchange rates
driven stock markets, and the results have confirmed her suspicions. The
emerging economies and developed economies under analysis have shown that
there is evidence of exchange rates affecting the stock markets. Another important
conclusion derived from this thesis is that the relationship between these financial
markets is not unidirectional, as stated in previous research, where most of the
studies found that stock markets influence exchange rates, but no evidence of the

reverse effect has been presented.

4.4.4 Analysis and Conclusions

This chapter fills a gap in the literature, where no research to date has
explicitly focused on the impact of the introduction of the Euro and the Asian
financial crisis on volatility spillovers between stock markets and currency
markets around the world. In order to address this gap in the literature, three main
periods have been examined, covering the time period before the introduction of
the Euro, immediately after the irrevocable locking of exchange rates when the
currency was still not in circulation, and finally the period starting with the
introduction of the currency in the financial markets. The analysis also looked at
the effects before, during and after the Asian financial crisis.

The results overall show that the volatility of stock prices affects the
volatility of exchange rates, but there is also important evidence with regard to the
volatility of exchange rates affecting the volatility of stock prices. The cases
where a lack of significant spillovers in these markets is found indicate that there
is potential for diversification between stock markets and currency markets in
certain instances. The main difference between these results and existing studies

on volatility spillovers between exchange rates and stock markets could reflect the
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larger number of bilateral exchange rates included in the current study. Thus,
further research along these lines is required in order to establish more
comprehensively the true nature of spillovers from exchange rates to equity
markets which should provide valuable information on the possibilities for
diversifying holdings of stocks and currencies in investment portfolios, as well as
the potential for hedging amongst these assets.

This thesis’s finding is very significant, as the results provide evidence
that supports the idea of currency markets affecting stock markets. In this regard,
Hutson and Stevenson (2009) demonstrate that the more open the economy, the
more exposed its firms are to exchange rates movements. Therefore, future
research analysing exchange rates influence on stock markets should focus on
looking at countries’ levels of openness, as this is a matter that directly affects the
degree of countries’ firms’ exchange rates exposure. Another issue to take into
consideration that could affect the results obtained is the kind of integration that
the regions under analysis could be facing. As suggested by Barari (2004), there
has been a trend towards increased regional integration relative to global
integration and this affected the markets until the mid-1990s. A distinct change in
trend is noted during the second half of the 1990s, when a process of global
integration became faster in comparison with regional integration. Therefore,
further research along these lines is needed in order to gain a better understanding
of the implications of regional and global integration in currency and stock
markets relationships; more precisely, it would be relevant to look at changes of

patterns during and after the current financial crisis.
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CHAPTER V

EMPIRICAL RESULTS:

PRECIOUS METALS MARKETS

The current chapter is organised as follows: 1) First, the analysis starts
with a brief introduction, where a discussion of the importance of analysing
precious metals and oil markets is highlighted. ii) The next subsection deals with
the main findings regarding precious metals markets and the effects of the Asian
crisis on them. iii) Then, the analysis follows with a discussion of the relationship
between precious metals and the G-7. iv) In the next part, the study focuses on
studying the interaction between precious metals and three of the most developed

economies and oil prices. Finally, the chapter’s conclusions are provided.

5.1 Introduction

The purpose of this chapter is to focus on the analysis of precious metals
markets and of the interlinkages existing between gold, silver, platinum and
palladium. This study hypothesises the idea of the existence of low levels of
integration between precious metals among themselves, and also in terms of
interlinkages between the G-7 stock markets and precious metals. If these
suspicions are to be confirmed by the research findings, and precious metals are
not highly integrated with these markets, investors would have great opportunities
to diversify their portfolios in the commodities markets, and in particular in

precious metals markets.
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The existing literature shows that little attention has been paid to the study
of interlinkages between stock markets and precious metals markets and in
particular to the analysis of volatility spillovers among them. Hillier, Draper and
Faff (2006) notice that gold, platinum and silver have the potential to play a
diversifying role in investment portfolios, as precious metals exhibit some
hedging capability during periods of abnormal markets volatility. As a
consequence, this analysis is motivated by the results obtained from previous
studies, where precious metals markets appeared to be an interesting option for
investors to diversify their portfolios and to implement their hedging techniques.

In conducting this research, two methodologies will be implemented. As in
the previous chapter, the EGARCH (p,q) framework has been employed to keep
consistency, and also because it has been demonstrated to be a good model to
investigate volatility in financial markets. It is also a good model that provides
rich information, as it allows the analysis of volatility persistence, volatility
spillovers, and asymmetric spillovers. On the other hand, there is also need to
check some of these results to determine if they are consistent, as has been
demonstrated by the existing research, when analysing markets interaction the
results tend to vary depending on the methodology applied. Thus it is relevant to
implement an additional study of volatility persistence through a GARCH (p,q)
model which is a great tool that allows a comparative analysis with the EGARCH
(p,q) output.

The results from this study are of particular importance to investors due to the
fact that stock markets are influenced by shocks in oil and precious metals
markets, while precious metals markets are seen as more stable and secure assets.
Therefore, the independent behaviour of precious metals regarding oil and equity
markets during times of crises, and the long term upward trend that these markets
are facing represent highly valuable information for investors who would be able
to design their investment strategies taking into account the use of precious metals
in the composition of their portfolios. This research’s initial hypothesis posits the

important implication of the new role that precious metals markets could develop
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for investors; thus this new approach complements the analysis carried out so far
and his is indeed a topic worthy for research.

The current economic and financial situation is one where equity markets
are under intense pressure, a situation that appears to be aggravated by the
American economy’s deep downturn since the late 2008. This situation leads one
to wonder about the consequences for the rest of the world economies if the US
enters into a deep crisis. Anxious investors seeking for new and safer havens
could realise that precious metals markets, oil, and emerging markets are sources

of investment opportunities that should be taken into consideration.

5.2 PRECIOUS METALS MARKETS: THE EFFECTS OF THE ASIAN
CRISIS

In this section, the analysis focuses on the period that spans from 1 January
1995 to 31 July 2007. The study will focus on looking at the full sample, and also
it has been considered appropriate to split the whole sample into three sub
samples in order to provide greater details and a better understanding of volatility
spillovers between precious metals returns, as has been done previously when
analysing stock markets and exchange rates interlinkages. Thus the first sub
sample spans over January 1995-June 1997, the period prior to the Asian crisis.
As the author is interested in examining if the Asian crisis could generate
volatility spillovers between these commodities markets the second subsample
will cover the July 1997-December 1998 period when the crisis hit the markets;
finally, the last sample period covers the years 1999- July 2007, where the main
idea is to analyse the behaviour of these markets immediately after the major
shock, and subsequently. The main reason for splitting the sample in this way is
based on the notion of structural breaks and their influence in econometric
analysis. The Asian crisis took effect during July 1997 to December 1998, so
there is a need to check what the behaviour of these markets was during this

period, and how the markets reacted before and after this event took place.
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Another reason for considering the Asian financial crisis is hypothesising that
precious metals markets are less volatile during times of financial distress than
equity and currency markets. Therefore, investors would face fewer losses if they
diversified their investments taking into account these properties of the precious
metals markets. Another fact of interest is the importance of the Asian crisis on
the world economy; therefore, this is a relevant period that could not be ignored
by this research. The data set consists of daily closing values for precious metals
data, where the following selection was done: US$/Troy ounce for gold, the
London Free Market Platinum price in US$/Troy ounce, the London Free Market
Palladium price in US$/Troy once, and the Zurich silver price in US$/kilogram.
All the data series are from DataStream International, giving a total of 3282

observations for each series.

5.2.1 Empirical Results

5.2.1.1 EGARCH Specification

First, the basic descriptive statistics of the dataset are presented which provide
the details and characteristics of the series. Second, we present the results of the
unit roots analysis, the likelihood ratio tests performed and the basic tests that
provide the necessary information to identify which EGARCH (p,q) specification
is the most appropriate to model the variables. Finally, the results of the
EGARCH analysis are presented, results that provide information on volatility
persistence, volatility spillovers and asymmetric spillovers effects from stock

returns to precious metals returns and on the other way around.

5.2.1.2. Descriptive Statistics

The analysis of the descriptive statistics on precious metals returns are

presented for the four periods of analysis. During those sub-periods, almost all
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markets present positive and small values, the exceptions being gold and silver for
the period prior to the Asian crisis (January 1995-June 1997) where the means are
negative. During the Asian crisis (July 1997-December 1998) the results show
negative means in the case of gold and platinum. After the financial crisis, all the
means for the four precious metals are positive. The analysis of the returns
volatility for all the samples shows that overall palladium is the most volatile of
the four precious metals, with a standard deviation moving in a range of 1.64 per
cent prior to the crisis to 2.75 per cent during the crisis time. Gold is the less
volatile with a 0.44 per cent standard deviation prior to the crisis as the minimum
value and with a 0.97 percent as the highest value after the financial crisis. These
results confirm the idea that gold tends to present stability properties during times
of turmoil, as it is the metal that suffers the least during the crisis. With regard to
platinum and palladium standard deviations move around 1.01 per cent to 1.83 per
cent during the four periods. The skewness and kurtosis coefficients indicate that
precious metals returns are leptokurtic relative to the normal distribution. The
Jarque-Bera test also rejects the hypothesis that precious metals returns are

normally distributed in all the cases.

5.2.1.3 Unit Roots and Likelihood Tests

The results from the ADF tests statistics indicate the rejection of the null
hypothesis of the existence of a unit root in levels for all variables during all
periods indicating that all series are 1(0).%

In order to establish the correct lag length for the EGARCH model, the
Likelihood Ratio test is applied. There is a mix of (1,1) and (2,1) models chosen
for the different bivariate models, where the (1,1) model seems to be dominant.

The estimated parameters from the EGARCH estimation are set out in
tables 5.1 to 5.3, for the four periods of analysis (1995-2006, January 1995-June
1997, July 1997-December 1998 and 1999-06). The results for the GARCH (1,1)

26 The LMF test results indicated that the ADF tests were free from serial correlation; for brevity
the test results are not showed here, but they are available in Appendix H.
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and the diagnostic test are presented in tables 5.4 to 5.7. The p-values are given in

parentheses beneath each coefficient estimate.

5.2.1.4 Volatility Persistence (EGARCH)

The volatility persistence results from the EGARCH model are presented in
table 5.1, and the coefficients analysing the volatility persistence term vary
depending on the precious metals and the equation under analysis, but it is found
that in the majority of the cases the coefficients are significant. This result is not
surprising given that persistence is a feature shared by precious metals markets,
and financial markets data. The analysis of the coefficients by period reveals that
during 1995 to July 2007, the coefficients are significant in all cases. The
coefficients are all significant prior to the Asian crisis (1995-June 1997), with the
exception for palladium-gold where the coefficient appears to be insignificant. An
interesting feature of these results is the insignificant coefficients obtained for the
period when the Asian financial crisis happened; it was expected to find
significant coefficients during this particular time as the effect of the Asian crisis
could be dragging all the markets into recession. These expectations are not
supported by the findings as it seems that precious metals markets could be
suffering at a lower scale the effects of the financial turmoil. These results are a
clear sign of the different behaviour reflected by precious metals, and the stable
properties argued at the beginning of this section seem to be confirmed. Almost
all the coefficients appear to be insignificant with the exception of palladium-
silver, silver-gold, silver-palladium and silver-platinum. The results for the
coefficients for the final period 1999-July 2007 are all significant.

So far, the main difference when analysing precious metals markets is the
insignificant coefficients that were found during the Asian crisis. A significant
coefficient regarding volatility persistence implies that a deviation of the price
from its expected value will cause the variance of the price to be larger than

expected. This means that the amplitude of returns fluctuations represents the
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amount of the variation of the returns during a short-time. In the presence of a
long memory process on volatility the fluctuations will remain in the markets for
a while with the uncertainty that this situation will bring to the markets; this is
something that has important consequences in terms of risk management.
Investors base their decisions on expectations; therefore, the diversity of
expectations causes a variability of stock returns, and the results obtained from
this section are implying low volatility persistence affecting precious metals
markets. It seems that the instability and uncertainty that lasted in the stock
markets during this particular time did not affect to the same extent precious
metals markets. The insignificance of the volatility persistence coefficients found
in this analysis on the precious metals returns could reflect that in general, the
Asian crisis did not generate a great impact on these markets. This can be
explained by the investors’ expectations regarding the belief of stability in the
precious metals prices; therefore, their expectations tend to be constant and stable
over time, a situation that will be translated in the precious metals markets returns
by a lower fluctuation in their prices.

Therefore, the volatility persistence analysis shows that overall there are
insignificant coefficients on precious metals returns during a time of crisis in the
financial stock markets, and that this event seems not to generate a great impact
on precious metals markets. The results also indicate that precious metals markets
are connected to some extent, but in general their integration could be classified
as a weak one. Therefore, these findings indicate that precious metals returns
fluctuations do not generate impacts on them, indicating that when any of the
precious metals markets faces fluctuations, these movements will not be

transmitted to the other ones, or that the impact would be quite low.

5.2.1.5 Volatility Spillovers (EGARCH)

The analysis of the coefficients for the volatility spillovers results are

presented in table 5.2, and they are quite mixed across the various time periods.
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The main results show evidence of volatility spillovers between precious metals
markets at the 1 per cent, 5 per cent and 10 per cent significance levels. Some
exceptions are found with regard to this evidence, but most of them are affecting
particular time periods. For example, when looking at the results per sample
period, it is found that during the whole sample 1995-July 2007 the coefficients
are significant in the case of volatility running from gold to the other metals; there
is however weak evidence of the opposite trend, where the only coefficient that is
significant is volatility spillovers running from platinum to gold. In relation to the
period prior to the Asian crisis (1995-June 1997), the results show insignificant
coefficients in the case of volatility spillovers from gold to any of the other
metals, while the results show that in these cases the opposite effect appears to be
significant, meaning that the other metals generate impacts on the gold market.
Regarding the Asian crisis period (July 1997-1998) the coefficients are
insignificant in the case of volatility from gold to the other precious metals, and
they are significant from platinum to gold and from silver to gold. Again, and as
happened regarding volatility persistence, it seems that the Asian crisis did
generate an influence on financial markets, but its effects regarding precious
metals markets are not so clear. Then, the results allow us to assume that precious
metals markets are not highly influenced by shocks affecting stock markets.
Regarding the rest of the metals, there are spillover effects running from platinum
to silver, platinum to palladium, silver to palladium and silver to platinum.
Finally, during the last period of study (1999-July 2007) the results are quite
mixed; significant volatility spillovers can be seen from gold to palladium and
platinum, silver to gold, platinum to palladium, silver to platinum and platinum to
silver.

The results show that gold is the only one that generates an influence on the
rest of the markets, but there is no evidence of the other metals generating an
impact or influencing gold prices. It seems that silver, palladium and platinum are
integrated to some extent with gold, but there is a lack of integration among them.

These results are quite important, as it is possible to conclude from them that any
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shock in the gold markets would affect the rest of the precious metals, but there is
no strong evidence of gold being affected by shocks in the rest of the precious
metals. Then, it is possible to infer that there is a unidirectional causal relationship

among these markets, where all of them are depending on gold.

5.2.1.6 Asymmetric Spillovers (EGARCH)

The results for the asymmetric spillover effects are presented in table 5.3
and they show that the coefficients are significant in almost all cases for all
periods, with the following exceptions: during 1995-June1997 the coefficient is
insignificant in the case of the equation for silver-platinum. During July 1997-
1998 the coefficients are insignificant in the cases of gold-palladium, gold-silver,
palladium-silver, platinum-silver, platinum-palladium, silver-palladium and
silver-platinum. The existence of insignificant coefficients indicates that the
spillover effects in these instances are symmetric; this implies that positive and
negative shocks have the same impact on volatility. The results show that, in
general, bad news will generate a greater impact on these markets than good
news, which it is consistent with a priori expectations and also it line with the

results obtained with regard to financial markets.
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Table 5.1: EGARCH RESULTS VOLATILITY PERSISTENCE

1995-July 2007

1995-June 1997

Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver
0.2324 0.2312 0.2354 0.1934 0.2451 0.2026 0.1877 0.2548 0.2048 0.1527 0.3993 0.2515
(0.006)* (0.006)* (0.003)* (0.000)* (0.000)* (0.000)* (0.149) (0.001)* (0.005)* (0.069)*** (0.000)* (0.000)*

Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum Palladium-Gold Platinum-Gold Silver-Gold | Platinum-Palladium  Silver-Palladium Silver-Platinum
0.2517 0.2864 0.4561 0.2870 0.4638 0.4607 0.2518 0.2310 0.4698 0.2318 0.6009 0.4693
(0.006)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

July 1997-1998 1999-July 2007

Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver
0.1041 0.1134 -0.0037 0.2008 0.3660 0.1045 0.2391 0.2412 0.2602 0.2908 0.2569 0.2092
(0.376) (0.322) (0.963) (0.141) (0.034)** (0.420) (0.011)** (0.010)** (0.001)* (0.000)* (0.000)* (0.000)*

Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum Palladium-Gold Platinum-Gold Silver-Gold | Platinum-Palladium  Silver-Palladium  Silver-Platinum
0.2312 0.0762 0.3632 0.0716 0.3388 0.3551 0.2631 0.2351 0.5220 0.2341 0.5271 0.5193
(0.115) (0.569) (0.001)* (0.571) (0.004)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

*1% significance level, **5% significance level, ***10% significance level
Table 5.2: EGARCH RESULTS VOLATILITY SPILLOVERS
1995-July 2007 1995-June 1997

Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver
0.0608 0.0627 0.0708 0.7386 0.0085 0.0646 0.0383 -0.0183 0.0528 0.1067 0.1272 0.1549
(0.000)* (0.000)* (0.000)* (0.000)* (0.806) (0.003)* 0.411) (0.776) (0.321) (0.022)** (0.041)** (0.003)*

Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum Palladium-Gold Platinum-Gold Silver-Gold | Platinum-Palladium  Silver-Palladium  Silver-Platinum
0.0127 0.0713 0.0405 0.0693 0.0385 0.0401 0.0815 0.1406 -0.2097 0.1565 -0.0037 -0.2110
(0.703) (0.000)* (0.205) (0.000)* (0.269) (0.233) (0.008)* (0.033)** (0.002)* (0.001)* (0.933) (0.002)*

July 1997-1998 1999-July 2007

Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver
0.0357 0.0324 0.0702 0.0836 0.0243 0.2289 -0.1824 -0.1844 0.0347 -0.0072 -0.0113 0.0596
(0.528) (0.574) (0.367) (0.644) (0.936) (0.004)* (0.047)** (0.042)** (0.641) (0.863) (0.789) (0.030)**

Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum Palladium-Gold Platinum-Gold Silver-Gold | Platinum-Palladium  Silver-Palladium  Silver-Platinum
0.0343 0.2313 0.3976 0.2180 0.2938 0.3471 -0.0041 0.0642 -0.2361 0.0645 -0.2012 -0.2270
(0.717) (0.007)* (0.000)* (0.009)* (0.001)* (0.000)* (0.919) (0.028)** (0.039)** (0.027)** (0.132) (0.045)**

*1% significance level, **5% significance level, ***10% significance level

Table 5.3: EGARCH RESULTS ASYMMETRIC SPILLOVERS

1995-July 2007

1995-June 1997

Gold-Palladium

Gold-Platinum

Gold-Silver Palladium-Platinum

Palladium-Silver

Platinum-Silver

Gold-Palladium

Gold-Platinum

Gold-Silver Palladium-Platinum

Palladium-Silver

Platinum-Silver

0.9864 0.9859 0.9784 0.1679 0.9364 0.9778 0.9444 0.9463 0.9465 0.9592 0.7920 0.9392
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum Palladium-Gold Platinum-Gold Silver-Gold | Platinum-Palladium  Silver-Palladium  Silver-Platinum
0.9334 0.9701 0.9590 0.9720 0.9466 0.9522 0.9768 0.9521 -0.3552 0.9445 0.9936 -0.3534
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.251) (0.000)* (0.000)* (0.255)
July 1997-1998 1999-July 2007
Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver
-0.7072 -0.7230 0.6558 0.8855 0.5863 -0.2353 0.9844 0.9844 0.8219 0.8770 0.9206 0.9723
(0.116) (0.054)*** (0.363) (0.000)* (0.130) (0.516) (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum Palladium-Gold Platinum-Gold Silver-Gold | Platinum-Palladium  Silver-Palladium Silver-Platinum
0.7328 -0.1952 0.3174 -0.3392 0.2849 0.3002 0.9218 0.9613 0.8547 0.9593 0.8115 0.8499
(0.003)* (0.612) (0.099)*** (0.362) (0.309) (0.205) (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

*1% significance level, **5% significance level, ***10% significance level
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5.2.1.7 GARCH Results

The returns-generating process results are presented in tables 5.4 to 5.7
according to the time periods (first the results for the whole sample, followed by
each of the subsamples in chronological order). It is possible to draw the
following conclusions from them. First, there is a significantly positive
relationship between the precious metals returns. Overall, there is a significant
negative relationship between precious metal returns and metals returns
depreciation, with most of the coefficients appearing to be negative. This situation
reflects that, in general terms, when the precious metals markets are appreciating,
there is a trend of increasing returns for almost all the markets, but when the
prices of any of these markets depreciates, the prices of the rest of the markets

will tend to drop as well.

Examining the estimates, it can be appreciated that for all four periods of
analysis all variance parameters are positive and statistically significant. The
analysis of the results for each period finds that during 1995-July 2007 (table 5.4)
the palladium-silver equations show negative coefficients, with GARCH
parameter sums indicating high volatility shock persistence for all the cases, with
the exception of palladium-silver, where the coefficients sum is 0.018 for the
palladium-silver relationship, and 0.31 for silver-palladium. This implies that
volatility persistence tends to last in the markets, and considering that volatility
tends to exhibit a clustering behaviour, this means that when markets are volatile
the effects tend to last for a while, characteristics that are shared with financial

markets to some extent.
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Table 5.4: Estimates of the GARCH (1,1): 1995-July 2007

Parameters Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver

C 0.0000 -0.0001 0.0000 -0.0003 0.0000 0.0000

0 (0.710) (0.528) (0.878) (0.115) (0.949) (0.794)

o 0.0733 0.2006 0.2150 0.7476 0.0456 0.1627
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

2] 0.0000 -0.0002 -0.0004 0.0014 0.1756 -0.0006
(0.968) (0.055)** (0.001)* (0.000)* (0.359) (0.013)**

ﬂ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0 (0.030)** (0.179) (0.002)* (0.044)** (0.000)** (0.073)***

ﬂ 0.0583 0.0571 0.2078 0.1934 -0.0407 0.1137

1 (0.000)* (0.000)* (0.000)* (0.000)* (0.017)** (0.000)*

K 0.9390 0.9398 0.6751 0.7386 0.0594 0.8724

1 (0.000)* (0.000)* (0.000)* (0.000)* (0.003)* (0.000)*

0.0007 0.0026 0.0236 0.1679 0.8324 0.0088

71 (0.060)** (0.044)** (0.000)* (0.000)* (0.000)* (0.002)*

IBI + K, 0.9973 0.9969 0.8829 0.9320 0.0187 0.9861

Parameters Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum

a 0.0001 0.0000 0.0003 0.0002 0.0002 0.0001

0 (0.194) (0.800) (0.165) (0.147) (0.084)** (0.656)

P 0.5425 0.4971 0.9334 0.3093 0.0640 0.3395
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

¢ 0.0008 -0.0007 -0.0030 -0.0001 -0.0014 -0.0025
(0.044)** (0.001)* (0.000)* (0.588) (0.000)* (0.000)*

b 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001

0 (0.014)** (0.005)* (0.000)* (0.000)* (0.000)* (0.000)*

b 0.1307 0.1020 0.1733 0.1863 -0.0865 0.2826

1 (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

I 0.8341 0.8846 0.5800 0.6891 0.4012 0.3354

1 (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

Y 0.1188 0.0320 0.4010 0.0266 0.2838 0.2212

1 (0.017)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

bl + Cl 0.9649 0.9866 0.7533 0.8754 0.3147 0.6180

During 1995-June 1997 (table 5.5), the estimates are positive and statistically

*1% significance level, **5% significance level, ***10% significance level

significant in all the cases, the exception being the silver-platinum equation where

the coefficient is negative. The GARCH parameter sum is quite high for all the

equations with the exception of silver-palladium (0.57) and silver-platinum (0.24).
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Table 5.5: Estimates of the GARCH (1,1): 1995-June 1997

Parameters Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver
C -0.0001 -0.0001 -0.0001 -0.0003 -0.0007 -0.0005
0 (0.378) (0.486) (0.257) (0.439) (0.083)** (0.069)***
[04 0.0845 0.2806 0.1389 0.8995 0.2742 0.2505
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
J2] -0.0002 -0.0005 -0.0003 0.0005 0.0002 -0.0008
(0.283) (0.002)* (0.021)** (0.294) (0.692) (0.002)*
ﬂ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0 (0.020)** (0.009)* (0.180) (0.290) (0.134) (0.064)***
ﬂ 0.1022 0.1498 0.1113 0.2078 0.1847 0.1857
1 (0.000)* (0.001)* (0.011)** (0.000)* (0.000)* (0.027)**
% 0.8309 0.6185 0.8377 0.5995 0.7569 0.7154
1 (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
0.0019 0.0274 0.0010 0.2781 -0.0105 0.0138
71 (0.1758) (0.000)* (0.181) (0.020)** (0.314) (0.022)**
/BI + K, 0.9331 0.7683 0.9490 0.8074 0.9416 0.9012
Parameters Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum
a -0.0004 -0.0003 -0.0003 -0.0002 -0.0001 0.0001
0 (0.328) (0.325) (0.439) (0.368) (0.849) (0.849)
) 0.8245 0.8977 0.8995 0.3705 0.2761 0.7744
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
¢ -0.0003 -0.0010 0.0005 0.0000 -0.0009 -0.0027
(0.595) (0.001)* (0.294) (0.957) (0.013)** (0.000)*
b 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001
0 (0.371) (0.045)** (0.290) (0.017)** (0.000)* (0.000)*
b 0.1006 0.2315 0.2078 0.0925 0.5521 0.2527
1 (0.021)** (0.001)* (0.000)* (0.004)* (0.000)* (0.003)*
C 0.8259 0.6787 0.5995 0.6343 0.0278 -0.0043
1 (0.000)* (0.000)* (0.000)* (0.000)* (0.397) (0.944)
y) 0.2215 0.0973 0.2781 0.0442 0.0347 0.5253
1 (0.353) (0.101) (0.020)** (0.000)* (0.074)*** (0.000)*
bl + Cl 0.9264 0.9102 0.8074 0.7268 0.5799 0.2484

*1% significance level, **5% significance level, ***10% significance level

The results for the Asian crisis period (table 5.6) show that gold-platinum and

silver-platinum coefficients are the only ones that appear to be negative. The

GARCH parameter sum is moving between 0.54 as the lowest value to 0.98 as the

highest. The results of the GARCH model are showing some degree of weak

volatility persistence in the markets reflected by coefficients moving around 0.50

and 0.60. These results show some consistency with the results that where

obtained from the EGARCH analysis, where the Asian crisis seems to generate a

minor effect on precious metals markets. In this case there is need to be careful

with the interpretation of the results, as depreciation has been introduced in the

estimation of the GARCH model, something that was not attempted in the
EGARCH analysis.
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Table 5.6: Estimates of the GARCH (1,1): July 1997-1998

Parameters Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver
C -0.0004 -0.0003 -0.0006 0.0014 0.0007 -0.0003
0 (0.230) (0.348) (0.066)*** (0.171) (0.486) (0.622)
[04 0.0347 0.1386 0.1482 0.7310 0.0997 0.2243
(0.004)* (0.000)* (0.000)* (0.000)* 0.117) (0.000)*
J2] 0.0005 0.0002 0.0001 0.0027 0.0036 -0.0014
(0.185) (0.048)** (0.690) (0.023)** (0.008)* (0.069)***
ﬂ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001
0 (0.210) (0.228) (0.039)** (0.643) (0.192) (0.206)
ﬂ 0.0278 -0.0194 0.0503 0.1240 0.1037 0.0971
1 (0.390) (0.498) (0.166) (0.014)** (0.004)* (0.193)
% 0.7166 0.6825 0.6446 0.8335 0.8771 0.5983
1 (0.000)* (0.006)* (0.000)* (0.000)* (0.000)* (0.015)**
-0.0008 0.0128 0.0187 0.1049 -0.0058 0.0255
71 (0.453) (0.140) (0.001)* (0.162) (0.740) (0.174)
181 + K, 0.7444 0.6631 0.6949 0.9575 0.9809 0.6954
Parameters Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum
a 0.0007 0.0000 -0.0007 -0.0005 -0.0006 -0.0008
0 (0.507) (0.968) (0.342) (0.441) (0.450) (0.318)
) 0.2155 0.5953 0.8391 0.2857 0.1017 0.2939
(0.140) (0.000)* (0.000)* (0.000)* (0.002)* (0.000)*
¢ 0.0023 -0.0020 -0.0013 -0.0017 -0.0008 -0.0011
(0.096)*** (0.011)** (0.205) (0.019)** (0.452) (0.283)
b 0.0000 0.0001 0.0002 0.0001 0.0003 0.0001
0 (0.038)** (0.044)** (0.000)* (0.068)*** (0.000)* (0.000)*
b 0.0887 0.1058 0.4846 0.1129 0.1972 0.2617
1 (0.002)* (0.015)** (0.000)* (0.198) (0.001)* (0.014)**
C 0.9011 0.5081 0.0579 0.4597 -0.3174 0.3134
1 (0.000)* (0.011)** (0.553) (0.051)*** (0.000)* (0.028)**
y) -0.4434 0.0859 -0.3310 0.0204 0.0454 -0.0164
1 (0.000)* (0.565) (0.000)* (0.007)* (0.010)** (0.763)
bl + Cl 0.9898 0.6139 0.5424 0.5726 -0.1202 0.5752

*1% significance level, **5% significance level, ***10% significance level

The results for the final sample (1999-July 2007, table 5.7) show that the
coefficients are positive in all the cases, with a GARCH parameter sum moving
between 0.63 to 0.94, which indicates high volatility shock persistence for all the
cases. This means that precious metals markets behaviour tends to be different
during times of financial distress, but their behaviour tends to be aligned with
financial markets exhibiting volatility persistence behaviour during the rest of the
time.

The coefficients that take into account precious metals returns depreciation
(*>0 and y>0) are positive and significant in almost all the cases with the
exceptions of palladium-silver and silver-platinum during 1995-June 1997.
During the Asian crisis the parameters are negative in the case of gold-palladium,
palladium-silver, palladium-gold, silver-gold, and silver-palladium and silver-

platinum. Overall, the results show that precious metals depreciation, and in
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particular depreciation in gold prices is a source of volatility on precious metals
markets.

In general, the results regarding volatility persistence seem to be consistent
with the findings on the EGARCH model where evidence of volatility persistence

between these markets was also found.

Table 5.7: Estimates of the GARCH (1,1): 1999-July 2007

Parameters Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver
C 0.0004 0.0003 0.0003 -0.0005 0.0003 0.0007
0 (0.020)* (0.114) (0.055)*** (0.067)*** (0.453) (0.005)*
o 0.1133 0.2368 0.2647 0.7088 0.2020 0.1089
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
2] -0.0001 -0.0002 -0.0008 0.0019 0.0013 -0.0005
(0.690) (0.323) (0.000)* (0.000)* (0.009)* (0.097)***
ﬂ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0 (0.000)* (0.000)* (0.000)* (0.016)** (0.082)*** (0.000)*
ﬂ 0.1546 0.1407 0.1777 0.2079 0.1713 0.1866
1 (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
K 0.5673 0.5817 0.4558 0.7125 0.7248 0.7270
1 (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
0.0115 0.0340 0.0535 0.1603 0.0461 0.0165
71 (0.001)* (0.009)* (0.000)* (0.000)* (0.056)*** (0.018)**
ﬂl + K 0.7219 0.7224 0.6335 0.9204 0.8961 0.9136
Parameters Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum
a 0.0002 0.0005 0.0005 0.0006 0.0008 0.0005
0 (0.608) (0.042)** (0.108) (0.001)* (0.044)** (0.139)
) 0.5128 0.4112 0.8531 0.2993 0.1350 0.2395
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
¢ 0.0012 -0.0007 -0.0034 -0.0001 -0.0008 -0.0025
(0.024)** (0.009)* (0.000)* (0.708) (0.067)*** (0.000)*
b 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001
0 (0.014)** (0.005)* (0.002)* (0.000)* (0.000)* (0.000)*
b 0.1667 0.1410 0.1416 0.2077 0.2192 0.2285
1 (0.000)* (0.000)* (0.000)* (0.000)* (0.002)* (0.000)*
C 0.7610 0.8081 0.6021 0.6070 0.4926 0.5124
1 (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*
A 0.1394 0.0362 0.3417 0.0272 0.0476 0.1033
1 (0.037)** (0.013)** (0.000)* (0.000)* (0.004)* (0.025)**
bl + Cl 0.9277 0.9492 0.7437 0.8147 0.7119 0.7409

*1% significance level, **5% significance level, ***10% significance level

5.2.1.8 Standardised Residuals

The Jarque-Bera test indicates that we reject the hypothesis that the
residuals are normally distributed in all the cases, hence justifying the use of the
Bollerslev-Wooldridge robust t-statistics. In the case of the EGARCH model, the
Ljung-Box statistics for all four periods for all precious metals equations indicate

that there are no residual linear or non linear dependencies in most of the cases.
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There are some exceptions where the coefficients are not significant but the
problem is corrected after introducing more lags into the test; a similar situation is
found in the case of the GARCH results. Finally, to check the validity of the
assumption of constant correlation adopted in the estimation of the bivariate
models, the LB statistics for the cross products of the standardised residuals from
the precious metals returns equation are calculated and these statistics indicate
that the assumption of constant correlation over time can be accepted in almost all
the cases, with the exception of palladium-gold during 1995-July 2007. During
July 1997-1998 the assumption of constant correlation over time cannot be
accepted in the cases of palladium-platinum, palladium-silver, and finally during
1999-July 2007 in the cases of palladium-gold and silver-palladium, on the
EGARCH model. Regarding the GARCH results, the exceptions were found
during 1995-July 2007 in the cases of gold-palladium, palladium silver and
platinum silver. This is also the case for July 1997-1998 in the case of gold-
platinum and palladium-silver, and finally during the 1999-July 2007 the
exception was gold-palladium. These exceptions are normally corrected after
increasing or decreasing the number of lags in the test, therefore the problem
tends to be corrected.

The ARCH-LM residual test results show that overall the variance
equation for the EGARCH model is correctly specified; the null hypothesis of
remaining ARCH effects in the equation is rejected in almost all the cases. The
exceptions are: during the crisis period (July 1997-1998) in the case of palladium-
platinum, palladium-silver, palladium-gold, silver-gold, silver-palladium and
silver-platinum. This problem is corrected after increasing or decreasing the
number of lags used in the estimation. The test results shows that the variance
equation is correctly specified as well for the GARCH model, as the null
hypothesis is rejected in almost all the cases, the exceptions being: silver-
palladium for the whole sample and during the Asian crisis (1995-July 2007 and
July 1997-1998). These results then confirm that the model selections have been

the appropriate ones.
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5.2.1.9 Analysis and Conclusions

This section investigated the existence of volatility effects in precious metals
returns, using GARCH and EGARCH modelling. The empirical results indicate
that precious metals depreciation under conditions of stable and unstable markets
situations tends to decrease the mean stock return and also increase market
volatility. The results show that there is clear evidence of volatility persistence
between precious metals returns, but that this persistence was not so obvious
during the Asian financial crisis, where it seems that these markets were affected
to a lower extent by this shock than in the case of the financial markets. In terms
of volatility spillover effects, the main findings are that there is evidence of
volatility spillovers running in a unidirectional way from gold to the rest of the
metals markets; some evidence of bidirectional spillovers exist, but the results
tend to be quite mixed across the time periods. However, there is little evidence
suggesting that any of the other precious metals influence the gold market. And
finally, the results from asymmetric spillover effects show that negative news has
a stronger impact in these markets than positive news, a finding which is
consistent with the results found for financial markets.

The analysis above from the Asian crisis is helpful in illustrating what could
happen with these markets during current times, as precious metals markets did
suffer to a lower extent the effects of the Asian crisis, and by looking at these
markets during these moments of financial turmoil, it is obvious that precious
metals markets are not affected in the same manner as financial markets.
Considering that precious metals are performing quite well during these times and
associating their behaviour to what happened during the Asian crisis it is possible
to speculate that the current economic turmoil will have a lower effect on precious
metals markets when compared to stock markets. Therefore, they should be
considered as a real investment alternative, and also with regard to their role in
terms of risk management, hedging activities and indeed as a new market option

to allocate capital.
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5.3 PRECIOUS METALS AND THE G-7 EQUITY MARKETS

5.3.1 Introduction

The aim of this section is the analysis of the interactions between the
world’s major equity markets represented by the G-7 markets and precious metals
markets, where gold, silver and platinum are analysed. After looking at precious
metals markets interlinkages and finding out that there are indeed possibilities of
investment across these markets, and knowing that emerging economies are also
presenting interesting characteristics for investors’ diversification, one wonders
about precious metals markets relationships with regard to the world’s most
developed economies. Therefore, the author considers that a natural path to follow
is to move into both the investigation of precious metals and some of the
developed world’s stock markets (represented by the G-7 economies), as this
thesis posits the idea of the existence of opportunities for diversification among
these markets too.

The analysis focuses on the period 1 January 1995 to 31 December 2006,
where the whole sample is analysed in conjunction with three sub samples. Thus,
the first sub sample spans over the years 1995-June 1997, the period prior to the
Asian crisis. Where the main interest is focused in examining if the Asian crisis
did generate volatility spillovers between these financial and commodities
markets, the second subsample will cover the July 1997-1998 period where the
crisis hit the markets; and finally, the last sample period covers the years 1999-
2006, where the analysis focuses on the behaviour of these markets after the
major shock. The data set consists of daily closing values for the stock market
indices in each country as follows: Canada (S&P/TSX Composite), France (CAC
40), Germany (DAX30), Italy (MIB 30), Japan (Nikkei 225), the UK (FTSE 100)
and the US (Dow Jones Industrial). In the case of the precious metals data, the
following indices were chosen: the US$/Troy ounce for gold, the London Free

Market Platinum price in US$/Troy ounce and the Zurich silver price in
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US$/kilogram. All the data series are from DataStream International, giving a

total of 3130 observations for each series.

5.3.2 Empirical Results

5.3.2.1 Descriptive Statistics

The analysis starts with the presentation of the descriptive statistics due to the
fact that in this case the study focuses on the Asian crisis, and not on the
introduction of the Euro in the financial markets; therefore the subsamples will be
looking at different periods. Starting with the descriptive statistics of stock
returns, a common trend is found. During the four periods of analysis, almost all
markets present positive and small mean values, the exceptions being the Nikkei
225 for the whole period, (and as was explained in previous analyses these results
are explained by the Japanese lost decade), the DAX 30 for 1995-June 1997 and
the Nikkei 225 for July 1997-1998, where the means are negative. With regard to
the precious metals markets, the situation is rather different. The results show that
for the whole sample the mean for platinum is negative while for gold and silver,
the means are positive, and when the sub samples are analysed, the situation
changes. During the time prior to the crisis i.e. from 1995 to June 1997, gold and
silver are showing negative means, results that are also negative for these two
metals and platinum during the crisis; the results for the last sub sample are
showing positive means in all the cases. The analysis of the stock returns
volatility for all the samples shows that overall the Nikkei 225, DAX 30 and the
MIB 30 are the most volatile stock returns series, with a standard deviation
moving from 1.35 per cent to 1.49 per cent during 1995-2006; the most volatile
period is during July 1997-1998 where the values were moving from 1.67 per cent
to 1.80 per cent. In terms of the precious metals markets, silver is the one that
exhibits the most volatile returns series in all the periods under analysis, reaching

the highest values for all three metals during the crisis period where the standard
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deviations are moving from 0.69 per cent to 1.75 per cent, while the rest of the

metals appear as more stable.

5.3.2.2 Unit Roots and Likelihood Tests

The results from the ADF tests statistics indicate all variables are
stationary during all periods indicating that all series are 1(0).>” Therefore, the
analysis proceeds to perform a volatility analysis using EGARCH (p,q)
modelling.

The results for the volatility analysis are presented through tables 5.8 to
5.10 in the following pages.

5.3.2.3 Volatility Persistence

The results analysing volatility persistence are presented in table 5.8 for all the
periods under analysis. Looking at the results it is possible to appreciate how the
coefficients vary depending on the country and the equation under analysis, but it
is found that in the majority of the cases the coefficients are insignificant in the
case of volatility persistence running from stock returns to precious metals
returns, which shows that shocks affecting stock markets do not tend to be
transmitted to precious metals markets, and more importantly, if there is any
effect, it will not last. This result is surprising given that volatility persistence is a
feature of many financial markets data and a priori expectations are to find
significant coefficients in these markets in most of the cases. One major
consequence of these first results is the lack of integration between precious
metals markets and stock markets. Therefore, shocks in stock markets do not tend
to generate a great influence in precious metals and therefore, they will not last
for a long time. In relation to the individual countries, the results are quite mixed.

In the case of Canada, the results are showing insignificant coefficients during the

7 The LMF test results indicated that the ADF tests were free from serial correlation; for brevity
the results from all the text are not presented here, but they are all available in Appendix G.
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period July 1997 to 1998 from stock returns to platinum and silver; there are also
insignificant coefficients in the latest period 1999 to 2006 in the case of silver.
The analysis of Italy shows insignificant coefficients in the latest period of
analysis from stock returns to all the three precious metals returns, and finally in
the case of the UK the coefficients are insignificant from stock returns to precious
metals returns during 1995 to June 1997 and in the case of platinum and silver
during July 1997 to 1998. An interesting feature that deserves to be highlighted
from these results is the insignificant coefficients obtained for the period where
the Asian financial crisis happened; the a priori expectation is to find significant
coefficients during this particular time as the effect of the Asian crisis could be
impacting negatively all financial and commodities markets leading them into
recession. This expectation seems to be confirmed in the case of stock markets,
but not for precious metals markets.

When the results for volatility persistence from precious metals returns to
stock returns are analysed, the results are consistent in almost all the cases. The
coefficients appear to be significant for the whole period of analysis, meaning that
any shock affecting precious metals markets tend to affect and last in the stock
markets; however, a few exceptions occur and they are located during the Asian
crisis time period, where in most of the cases insignificant coefficients were
found. For example in the case of Canada, France, Italy, the UK, and the USA,
the coefficients are insignificant in the case of gold and platinum during July
1997-1998. With regard to the rest of the time periods the results found
insignificant coefficients for France in the case of gold and finally for Japan there
is an insignificant coefficient during 1999-2006 with regard to gold. Therefore,
the volatility persistence analysis shows that overall there are no significant
coefficients from stock returns to precious metals returns. This result indicates
that stock markets returns fluctuations do not generate larger impacts on the
precious metals markets. The opposite results are obtained for precious metals
returns to stock returns, where almost all the coefficients appear to be significant.

This indicates that when the precious metals markets face fluctuations, this
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movement will be transmitted to the stock markets, taking into account that
precious metal markets are seen as more stable markets than stock markets. The
fluctuations generated in precious metals markets will be perceived as a sign of
uncertainty in the rest of the markets where predictions and expectations will be
affected and therefore these changes will be transmitted in the markets in terms of
prices fluctuations, and therefore, volatility in returns.

Volatility persistence is a common finding in financial markets returns, a
situation that is reflected by the findings of significant coefficients, and in this
analysis that is the case when looking at the coefficients for volatility persistence
effects from metals markets to stock markets. In the few cases where insignificant
coefficients were found with regard to the precious metals returns, this result
could reflect that, in general, investors expect stability in the precious metals
prices; therefore, their expectations tend to be constant and stable over time, a
situation that will be translated in the precious metals markets returns by lower

fluctuations in their prices.
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Table 5.8: EGARCH RESULTS VOLATILITY PERSISTENCE

1995-2006 1995-June 1997 July 1997-1998 1999-2006

Canada S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
Stock Returns 0.1554 0.1557 0.1532 0.2500 0.2418 0.2320 0.1535 0.1742 0.1750 0.1141 0.1157 0.0442
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.001)* (0.009)* (0.013)** (0.013)** (0.000)** (0.000)* (0.498)

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious Metals 0.2396 0.2820 0.4082 0.1965 0.2330 0.5267 0.0976 0.2536 0.4913 0.2512 0.2293 0.4291
(0.000)* (0.000)* (0.000)* (0.002)* (0.001)* (0.000)* (0.154) (0.021)** (0.000)* (0.009)* (0.000)* (0.000)*

France S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
Stock Returns 0.0228 0.0198 0.0228 0.0703 0.0739 0.0732 0.0842 0.0862 0.0697 0.0057 -0.0004 0.0014
(0.696) (0.732) (0.696) (0.022)** (0.013)** (0.011)** (0.143) (0.126) (0.199) (0.941) (0.995) (0.985)

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious Metals 0.2587 0.2855 0.4328 0.2008 0.2286 0.4730 0.1113 0.2599 0.4753 0.2764 0.2308 0.4721
(0.001)* (0.000)* (0.000)* (0.012)** (0.001)* (0.000)* (0.182) (0.018)** (0.000)* (0.002)* (0.000)* (0.000)*

Germany S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
Stock Returns -0.0403 -0.0496 -0.0483 -0.1257 -0.1181 -0.1196 0.1231 0.1262 0.1197 -0.0313 -0.0432 -0.0424
(0.493) (0.392) (0.403) (0.070)*** (0.276) (0.268) (0.018)** (0.018)** (0.023)** (0.696) (0.582) (0.590)

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious Metals 0.2628 0.2808 0.4248 0.2305 0.2303 0.4643 0.1222 0.2546 0.4999 0.2747 0.2342 0.4581
(0.001)* (0.000)* (0.000)* (0.003)* (0.002)* (0.000)* (0.152) (0.021)** (0.000)* (0.004)* (0.000)* (0.000)*

Italy S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
Stock Returns 0.1728 0.1732 0.1734 0.3079 0.3279 0.3327 0.2302 0.2314 0.2300 0.0534 0.0539 0.0546
(0.000)* (0.000)* (0.000)* (0.002)* (0.001)* (0.001)* (0.000)* (0.000)* (0.000)* (0.505) (0.513) (0.507)

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious Metals 0.2533 0.2832 0.4177 0.2014 0.2284 0.4726 0.1127 0.2650 0.4829 0.2594 0.2330 0.4494
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.172) (0.014)* (0.000)* (0.006)* (0.000)* (0.000)*

Japan S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
Stock Returns 0.0432 0.0374 0.0396 0.0737 0.0646 0.0678 0.0669 -0.0122 0.0125 -0.0675 -0.0667 -0.0661
(0.493) (0.562) (0.535) (0.142) (0.146) (0.111) (0.042)** (0.497) (0.596) (0.265) (0.287) (0.278)

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious Metals 0.2337 0.2810 0.4127 0.2037 0.2280 0.4894 0.1199 0.2241 0.4693 0.2440 0.2287 0.4332
(0.006)* (0.000)* (0.000)* (0.005)* (0.003)* (0.000)* (0.122) (0.073)*** (0.000)* (0.012)** (0.000)* (0.000)*

UK S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
Stock Returns 0.0971 0.0980 0.0977 0.0026 0.0241 0.0012 0.0490 0.0709 0.0732 0.0858 0.0867 0.0837
(0.000)* (0.000)* (0.000)* (0.967) (0.707) (0.983) (0.000)* (0.011)** (0.010)* (0.000)* (0.000)* (0.000)*

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious Metals 0.2642 0.2827 0.4395 0.2099 0.2326 0.4956 0.1122 0.2585 0.4742 0.2767 0.2382 0.4773
(0.002)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.182) (0.020)** (0.000)* (0.004)* (0.000)* (0.000)*

us S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver

Stock Returns 0.0226 0.0224 0.0211 -0.1711 -0.1378 -0.1377 0.0646 0.0704 0.0748 0.0058 0.0650 0.0648
(0.703) (0.706) (0.722) (0.210) (0.272) (0.279) (0.162) (0.186) (0.184) (0.934) (0.000)* (0.000)*

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious Metals 0.2481 0.2842 0.4191 0.2179 0.2411 0.4861 0.1036 0.2584 0.4734 0.2610 0.2381 0.4551
(0.004)* (0.000)* (0.000)* (0.008)* (0.001)* (0.000)* (0.161) (0.020)** (0.000)* (0.008)* (0.000)* (0.000)*

*1% significance level, **5% significance level, *** 10% significance level
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5.3.2.4 Volatility Spillovers

Dealing first with spillovers from stock markets to precious metals
returns, the main results show evidence of volatility spillovers from these
markets to the precious metals markets at the 1 per cent, 5 per cent and 10 per
cent significance levels (the results are presented in table 5.9). However, some
exceptions are found with regard to this evidence but most of them are affecting
particular time periods. For example, when analysing the results per sample
period, it is found that during the whole sample 1995-2006 all the coefficients
are significant for all the countries and all the markets. In relation to the period
prior to the Asian crisis (1995-June 1997), the results show insignificant
coefficients in the case of Canada and Italy. Regarding the Asian crisis period
(July 1997-1998) the coefficients are insignificant for all three periods just in the
case of Italy. Finally during the last period of study (1999-2006) all the results
appear to be significant.

In terms of volatility spillovers from precious metals returns to stock
returns, the results are significant and consistent across countries and over time in
most of the cases. As happened when analysing the relationship from stock
returns to precious metals returns a few exceptions are found. The results for the
whole sample show that the coefficients are significant in all the cases through all
the countries. Regarding the time periods prior to and during the Asian crisis it is
found that in all the countries and only in the case of gold, the coefficients are
insignificant. And finally during the last period of study the coefficients are
insignificant in relation to silver in the cases of France, Germany and Italy.

Significant coefficients are indicative of integration between stock markets
and precious metals markets as well as indicating that the volatility of stock
returns was a determinant of the volatility of precious metals returns and also in
the inverse case. This means that the information contained in stock prices
impacted on the behaviour of precious metals returns and the opposite way around

in these markets. The consistency found in these results is evidence of some level
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of integration between these markets. These results show that these markets are
immediately influenced; this means that at times of shocks or crises, precious
metals markets negative movements will cause a major impact on stock markets,
while negative effects in stock markets will tend to affect to a lesser extent
precious metals. These results are quite surprising, as this research’s major
expectation was supporting a lack of significant coefficients in term of volatility
spillovers among these markets. As was argued in one of the initial research
hypotheses, a lack of integration between stock markets and precious metals
markets was expected. However, these expectations are weakly supported by the
results derived from the analysis, where there seems to be certain connections
between these markets. Nevertheless, while the results present some degree of
integration between these markets, is the author’s suspicion that these linkages
could be quite weak, as most of the previous results have been aligned and

supporting the suggestion of a lack of relationship among these markets.
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Table 5.9: EGARCH RESULTS VOLATILITY SPILLOVERS

1995-2006 1995-June 1997 July 1997-1998 1999-2006

Canada S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver

Stock Returns -0.0636 -0.0641 -0.0597 -0.0562 -0.0580 -0.0592 -0.1263 -0.1313 -0.1266 -0.0511 -0.0497 -0.0492

(0.000)* (0.000)* (0.000)* (0.171) (0.149) (0.135) (0.006)* (0.009)* (0.013)** (0.000)* (0.000)* (0.000)*

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious 0.0554 -0.0653 0.0486 0.0407 0.1534 -0.2106 0.0694 0.1464 0.1492 0.0838 0.0669 0.0491
Metals (0.013)** (0.063)*** (0.002)* (0.425) (0.002)* (0.003)* (0.128) (0.053)*** (0.079)*** (0.000)* (0.027)** (0.093)***

France S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver

Stock Returns -0.0653 -0.0666 -0.0662 -0.0369 -0.0340 -0.0347 -0.1271 -0.1287 -0.1234 -0.0827 -0.0847 -0.0839

(0.000)* (0.000)* (0.000)* (0.056)*** (0.082)*** (0.062)*** (0.000)* (0.000)* (0.001)* (0.000)* (0.000)* (0.000)*

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious 0.0561 0.0608 0.0442 0.0698 0.1623 -0.2050 0.0543 0.1495 0.1458 0.0793 0.0662 0.0418

Metals (0.000)* (0.002)* (0.022)** (0.227) (0.001)* (0.006)* (0.269) (0.044)** (0.087)*** (0.000)* (0.023)** (0.205)

Germany S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver

Stock Returns -0.0729 -0.0748 -0.0743 0.1578 0.1632 0.1616 -0.1402 -0.1371 -0.1402 -0.0810 -0.0831 -0.0830

(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.007)* (0.006)* (0.006)*

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious 0.0512 0.0602 0.0445 0.0538 0.1597 -0.2174 0.0525 0.1474 0.1413 0.0775 0.0666 0.0432

Metals (0.001)* (0.002)* (0.017)** (0.341) (0.000)* (0.002)* (0.285) (0.047)** (0.095)*** (0.000)* (0.025)** (0.172)

Italy S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver

Stock Returns -0.0425 -0.0423 -0.0423 0.0284 0.0273 0.0220 -0.0419 -0.0393 -0.0416 -0.0896 -0.0904 -0.0902

(0.018)** (0.020)** (0.019)** (0.614) (0.631) (0.696) (0.284) (0.317) (0.290) (0.000)* (0.000)* (0.000)*

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious 0.0545 0.0610 0.0435 0.0520 0.1541 -0.2055 0.0589 0.1478 0.1465 0.0799 0.0667 0.0406

Metals (0.000)* (0.002)* (0.031)** (0.366) (0.002)* (0.004)* (0.237) (0.041)** (0.087)*** (0.000)* (0.025)** (0.251)

Japan S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver

Stock Returns -0.0919 -0.0927 -0.0914 -0.1258 -0.1205 -0.1199 -0.1201 -0.1365 -0.1267 -0.0711 -0.0720 -0.0715

(0.000)* (0.000)* (0.000)* (0.051)*** (0.042)** (0.035)** (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious 0.0570 0.0616 0.0474 0.0497 0.1522 -0.2200 0.0745 0.1617 0.1583 0.0842 0.0670 0.0498
Metals (0.000)* (0.001)* (0.006)* (0.363) (0.003)* (0.003)* (0.142) (0.031)** (0.060)*** (0.000)* (0.022)** (0.098)***

UK S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver

Stock Returns -0.0840 -0.0861 -0.0840 -0.0960 -0.1111 -0.1099 0.9512 -0.0967 -0.0922 -0.1047 -0.1055 -0.1029

(0.000)* (0.000)* (0.000)* (0.038)** (0.014)* (0.010)** (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious 0.0523 0.0613 0.0448 0.0598 0.1516 -0.2127 0.0599 0.1461 0.1471 0.0796 0.0678 0.0435

Metals (0.000)* (0.002)* (0.016)** (0.280) (0.003)* (0.004)* (0.231) (0.049)** (0.084)*** (0.000)* (0.024)** (0.000)*

us S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver

Stock Returns -0.0942 -0.0947 -0.0950 -0.0440 -0.0492 -0.0464 -0.1600 -0.1643 -0.1705 -0.0927 -0.0940 -0.0939

(0.000)* (0.000)* (0.000)* (0.076)*** (0.058)*** (0.073)*** (0.001)* (0.002)* (0.001)* (0.000)* (0.000)* (0.000)*

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious 0.0526 0.0608 0.0455 0.0507 0.1514 -0.2178 0.0688 0.1422 0.1484 0.0795 0.0669 0.0443

Metals (0.001)* (0.002)* (0.012)** (0.378) (0.003)* (0.003)* (0.151) (0.054)** (0.083)** (0.000)* (0.027)** (0.000)*

*1% significance level, **5% significance level, *** 10% significance level
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5.3.2.5 Asymmetric Spillovers

For the asymmetric spillover effects from stock returns to precious metals
returns the results show that the coefficients are significant in almost all cases for
all periods, with the following exceptions: during 1995-June 1997 the coefficients
are insignificant in the cases of all countries with regard to silver and during July
1997-1998 for Japan in the case of silver and for the UK from stock returns to
gold. There are just few instances where insignificant coefficients are found and
these happen before and during the Asian crisis; the results just show that during
times of instability markets do not tend to differentiate between good and bad

news.
5.3.2.6 Diagnostic Test
The diagnostic test main results are consistent with previous research done in
this thesis, were the residuals for the series are not found to be normally

distributed. But, overall the residuals test confirms that there are no major

problems derived from the model selection.
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Table 5.10: EGARCH RESULTS ASYMMETRIC SPILLOVERS

1995-2006 1995-June 1997 July 1997-1998 1999-2006

Canada S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
Stock Returns 0.9836 0.9829 0.9844 0.9277 0.9274 0.9306 0.9562 0.9545 0.9558 0.9894 0.9890 0.9895
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious Metals 0.9894 0.9800 0.9942 0.9596 0.9453 -0.2926 0.7840 0.8492 0.4162 0.9855 0.9602 0.9924
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.379) (0.000)* (0.000)* (0.030)** (0.000)* (0.000)* (0.000)*

France S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
Stock Returns 0.9875 0.9875 0.9875 0.9889 0.9882 0.9879 0.9452 0.9456 0.9489 0.9834 0.9834 0.9835
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious Metals 0.9905 0.9825 0.9944 0.9459 0.9443 -0.2901 0.7429 0.8449 0.4360 0.9871 0.9614 0.9924
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.428) (0.010)** (0.000)* (0.017)** (0.000)* (0.000)* (0.000)*

Germany S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
Stock Returns 0.9812 0.9807 0.9809 0.8733 0.8657 0.8703 0.9556 0.9573 0.9563 0.9780 0.9774 0.9774
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious Metals 0.9904 0.9820 0.9945 0.9452 0.9430 -0.3135 0.7428 0.8486 0.4623 0.9866 0.9601 0.9925
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.333) (0.006)* (0.000)* (0.005)* (0.000)* (0.000)* (0.000)*

Italy S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
Stock Returns 0.9832 0.9838 0.9837 0.6769 0.6921 0.6877 0.9490 0.9506 0.9491 0.9775 0.9778 0.9778
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious Metals 0.9905 0.9822 0.9942 0.9504 0.9460 -0.3106 0.7398 0.8554 0.4442 0.9861 0.9592 0.9922
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.363) (0.011)** (0.000)* (0.014)* (0.000)* (0.000)* (0.000)*

Japan S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
Stock Returns 0.9642 0.9640 0.9645 0.9617 0.9651 0.9682 0.9777 0.9825 0.9803 0.9624 0.9628 0.9635
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious Metals 0.9894 0.9825 0.9942 0.9502 0.9462 -0.2889 0.7381 0.8148 0.3453 0.9854 0.9634 0.9926
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.391) (0.006)* (0.000)* (0.238) (0.000)* (0.000)* (0.000)*

UK S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
Stock Returns 0.9890 0.9890 0.9892 0.7759 0.7607 0.7904 0.6980 0.9861 0.9851 0.9862 0.9862 0.9871
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.172) (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious Metals 0.9906 0.9819 0.9943 0.9429 0.9463 -0.3043 0.7371 0.8425 0.4404 0.9868 0.9573 0.9925
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.392) (0.012)** (0.000)* (0.017)** (0.000)* (0.000)* (0.000)*

us S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver

Stock Returns 0.9823 0.9825 0.9823 0.9736 0.9688 0.9699 0.9464 0.9411 0.9364 0.9909 0.9917 0.9917
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.000)*

Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S

Precious Metals 0.9901 0.9823 0.9942 0.9450 0.9442 -0.3052 0.7691 0.8461 0.4257 0.9866 0.9574 0.9925
(0.000)* (0.000)* (0.000)* (0.000)* (0.000)* (0.355) (0.001)* (0.000)* (0.025)** (0.000)* (0.000)* (0.000)*

*1% significance level, **5% significance level, *** 10% significance level
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5.3.2.7 Analysis and Conclusions

The main findings of this subsection can be summarised as follows: in terms
of volatility persistence, the analysis shows that overall there are no significant
coefficients from stock returns to precious metals returns, and when volatility
persistence is analysed from precious metals to stock returns, almost all the
coefficients appear to be significant. The analysis of the coefficients for the
volatility spillovers shows that the results are quite consistent across countries and
markets over time in most of the cases. This means that information from stock
markets affects precious metals markets and also on the reverse direction. The
results from the asymmetric spillovers analysis show that overall good news has
less of an impact in the markets than bad news.

After getting the results from the EGARCH methodology, and taking into
account that even though the results show that stock returns and precious markets
returns are influenced by the information, reactions, shocks and events that take
place in any of them, a question that will be necessary to address in future
research is which markets are affected to a greater extent. If it is found that stock
returns are affected more negatively than precious metals, it will mean that
investors will be able to use precious metals to diversify their portfolio.

Investors can use precious metals markets to diversify their portfolio in
situations were the national currency is depreciating, or where the stock markets
returns decrease. Also, it will be interesting to analyse if in some instances it
could be possible that the precious metals returns could be higher than the stock
markets returns. Tully and Lucey (2006) found that dollar depreciation and a
growing risk of dollar devaluation are likely to strengthen investors’ demand for
gold. Financial analysts have attributed the rise in gold’s price to the depreciation
of the dollar’s value on international markets. Traditionally, gold has played a
significant role during times of political and economic crisis and during equity
market crashes. This is still the case in a post Bretton-Woods era, and the author

is wondering if this would be also the case during this time of financial distress.
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5.4 PRECIOUS METALS MARKETS: AN ICSS APPROACH

5.4.1 Introduction

In this section, the main focus is the analysis of the interactions between
the world’s major equity markets, the oil market and precious metals markets. The
study will look at the period 1 January 1995 to 25 April 2008. The data set
consists of daily closing values for the stock market indices for the major markets:
the US (Dow Jones Industrials), the UK (FTSE-100) and the Japanese (Nikkei
225). As in the case of the precious metals data, and being consistent with the
research done in previous sections, the following indices have been chosen: the
US$/Troy ounce for gold, the London Free Market Platinum price in US$/Troy
ounce, the Zurich silver price in US$/kilogram, and finally the oil prices taking
into account the Crude Oil Brent. All the data series are from DataStream
International, giving a total of 3480 observations for each series.

All details regarding methodological issues are as have been settled down
in chapter three; therefore, we proceed to present and discuss the analysis’s major

findings.

5.4.2 Empirical Results

5.4.2.1 Descriptive Statistics

A brief discussion regarding the descriptive statistics is presented as the
sample has been updated and it covers a more extended period of analysis than in
previous section; also, oil prices have been included as a new variable. When
looking to the statistics for precious metals returns they show a common trend.
The three markets present positive and small mean values. The standard deviation
indicates that the gold market is the less volatile with a coefficient of 0.89 per

cent; the silver returns are the most volatile with a coefficient of 1.73 per cent and
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finally platinum shows a 1.36 per cent standard deviation. In the case of stock
returns, the situation is slightly different; the results show that the mean values for
the Down Jones, and the FTSE 100 are positive. This is consistent with the results
that were obtained for the precious metals returns, while the results for the Nikkei
225 are showing a negative mean. The analysis of the stock returns volatility
shows that overall the Nikkei 225 is the most volatile stock returns series, with a
daily standard deviation of 1.39 per cent; regarding the Dow Jones the standard
deviation is 1.03 per cent and in the case of the FTSE 100 the value is 1.07 per
cent. The analysis of oil returns represented by the Brent returns show a small
positive mean values. The volatility analysis shows that the oil returns are the
most volatile in relation to stock returns and precious metals returns, showing a
coefficient of 2.24 per cent. The skewness and kurtosis coefficients indicate that
stock returns, precious metals returns and oil returns are leptokurtic and
negatively skewed regarding the normal distribution. The Jarque-Bera test also
rejects the hypothesis that stock returns, precious metals returns and oil returns
are normally distributed in all the cases, all characteristics that are common to

financial and commodities data.

5.4.2.2 Unit Roots Tests

The results from the ADF tests statistics indicate that we can reject the
null hypothesis of the existence of a unit root in levels for all variables during all

periods indicating that all series are 1(0).**

5.4.2.3 ICSS Break Points

First it is decided to run the algorithm using the original series to work out
the number of break points. The number of sudden changes in volatility is quite

high; the main problem is the non existence of common break points between the

% The LMF test results indicated that the ADF tests were free from serial correlation; for brevity
the results are not showed here, but they are all available in Appendix I.
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sudden changes in volatility for the different indices. This is a major problem in
order to introduce all the break points in the variance equation. Another problem
is the number of observations that should be considered as breakpoints. In this
case it should be considered carefully if it is appropriate to eliminate an important
number of observations from the data set. This action could generate its own
break point, due to the fact that there will be an important gap between the
observation that generated the jump and the last observation included in the
sample where it is considered that the volatility shock disappeared. In order to
solve this problem, it is considered appropriate to implement a GARCH (1,1)
using the mean equation for each of the precious metals under analysis. Through
the results it is possible to appreciate how the numbers of sudden changes in
volatility have been reduced for each of the precious metals equations and also,
how the problem of getting different numbers and days on volatility jumps is

solved.

5.4.2.4 Volatility Results

5.4.2.4.1 Gold Analysis

The analysis of the GARCH(1,1) model for the Gold equation (table 5.11)
shows a significant negative relationship between gold returns and the Dow Jones
returns, a positive significant coefficient in the case of Gold-FTSE 100, while the
coefficient is insignificant regarding the Nikkei 225. The results for the GARCH
(1,1), with dummies, show an insignificant relationship between the Gold returns
and the three stock markets returns. The results also show that there is a
significant positive relationship between the gold market returns and the Brent
returns; both the GARCH(1,1) and the GARCH(1,1), with dummies, show a
positive significant relation between precious metal returns and oil returns, with
all the coefficients being significant at the 1 per cent and 5 per cent levels of

significance. This situation reflects that, in general when the oil markets are
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appreciating there is a trend of increasing returns for the gold market. The results
from the two models differ regarding the influence of stock markets on precious
metals markets. When the simple GARCH (1,1) model is estimated, where no
correction for structural breaks is introduced, the model presents significant
coefficients regarding influences from the Dow Jones index and the FTSE-100 on
the Gold market. But when the model is improved through the use of dummy
variables that correct the sample for structural breaks, the results show that shocks
in stock markets do not affect the gold market. These results are clearly consistent
with the ones obtained in the previous section analysing the G-7 stock markets
influences on precious metals markets, where weak evidence of such effects were
also found. These results confirm the author’s suspicions that precious metals

markets are a clear alternative for new investments.

Table 5.11: Gold Analysis

Gold-Dow Jones Industrials-Brent Gold-FTSE 100-Brent Gold-Nikkei 225-Brent
GARCH(1,1) GARCH(1,1) with GARCH(1,1)
GARCH (1,1) with dummies GARCH (1,1) dummies GARCH (1,1) with dummies
c0 0.0000 0.0000 -0.0001 0.0001 -0.0001 -0.0001
(0.789) (0.665) (0.550) (0.682) (0.643) (0.275)
o -0.0349%* -0.0042 0.0351* -0.0083 0.0115 0.0062
(0.015) (0.762) (0.009) (0.688) (0.213) (0.430)
A 0.0209* 0.0149%* 0.0146** 0.0287* 0.0145%%* 0.0229*
(0.000) (0.011) (0.012) (0.001) (0.013) (0.000)
B0 0.0000%%* 0.0000%* 0.0000%* 0.0000%* 0.0000%* 0.0000%*
(0.018) (0.011) (0.021) (0.000) (0.011) (0.000)
Bl 0.0505%* 0.0535%* 0.0515%* 0.1746* 0.0527* 0.1284*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
k1l 0.9510* 0.9483* 0.9504* 0.7582* 0.9491* 0.8567*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
B1+ k1l 1.00 1.00 1.00 0.932 1.00 0.984

*1% significance level, **5% significance level and ***10% significance level. Bl is the coefficient for
previous shocks and k1 is the coefficient for persistence.

By examining the variance estimates, it is possible to appreciate that for both
models the GARCH parameter for volatility persistence is moving between 0.75
as the lowest value to 0.95 as the highest. With regard to volatility persistence the
sum of the GARCH coefficients is close to 1 implying extreme persistence in
volatility for both GARCH models, the GARCH(1,1) and the GARCH(1,1), with
dummies, confirming the theory of volatility clustering behaviour that argues that

when markets are volatile the effect tends to persist in the markets for a while.
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5.4.2.4.2 Silver Analysis

The analysis of the GARCH (1,1) model for the Silver equation shows an
insignificant relation between silver returns and the Dow Jones returns, while a
positive significant coefficient is found in the case of Silver-FTSE 100, and
Silver-Nikkei 225 (table 5.12). These results are confirmed by the output obtained
from the GARCH(1,1), with dummies, which also shows an insignificant
relationship between Silver returns and the Dow Jones returns and a significant

relationship between Silver returns and the FTSE 100 and the Nikkei 225.

Table 5.12: Silver Analysis

Silver-Dow Jones Industrials-Brent Silver-FTSE 100-Brent Silver-Nikkei 225-Brent
GARCH(1,1) GARCH(1,1) with GARCH(1,1)
GARCH (1,1) with dummies GARCH (1,1) dummies GARCH (1,1) with dummies
c0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
(0.885) (0.910) (0.905) (0.926) (0.941) (0.194)
o 0.0135 0.0074 0.0542%* 0.0427%* 0.0570* 0.0661*
(0.539) (0.728) 0.011) (0.043) (0.000) (0.000)
A 0.0333* 0.0317* 0.0323* 0.0340%* 0.0300%* 0.0635*
(0.000) (0.001) (0.001) (0.000) (0.002) (0.000)
po 0.0000* 0.0000%* 0.0000* 0.0002 0.0000%* 0.0000%*
(0.001) (0.008) (0.002) 0.314) (0.002) (0.000)
p1 0.0579* 0.0562* 0.0572%* 0.0836* 0.0580% 0.1386*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Kl 0.9393* 0.9414* 0.9404* 0.9093* 0.9394* 0.8245*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Bl+«l 0.996 0.997 0.997 0.992 0.997 0.962

*1% significance level, ¥*5% significance level and ***10% significance level. B1 is the coefficient for
previous shocks and k1 is the coefficient for persistence.

The results also show that there is a significant positive relationship between
the silver market returns and the Brent returns; both the GARCH (1,1) and the
GARCH (1,1), with dummies, show a positive significant relationship between
the silver precious metal returns and oil returns, with all the coefficients being
significant at the 1 per cent and 5 per cent significance levels. This situation
reflects that, in general when the oil markets are appreciating there is a trend of
increasing returns for the silver market, a result that is consistent with the findings
for the gold market. So far, it seems that there is a higher level of interaction

between precious metals markets and oil markets than with stock markets.
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Examining the variance estimates it can be appreciated that for both models,
the GARCH parameters for volatility persistence are positive and significant with
all the coefficients moving between 0.82 as the lowest value to 0.94 as the

highest.

5.4.2.4.3 Platinum Analysis

The analysis of the GARCH (1,1) model for the Platinum equation (table
5.13) shows a significant positive relation between platinum returns and the Dow
Jones returns and the Nikkei 225, and an insignificant coefficient in the case of

Platinum-FTSE 100.

Table 5.13: Platinum Analysis

Platinum-Dow Jones Industrials-Brent Platinum-Silver-FTSE 100-Brent Platinum-Silver-Nikkei 225-Brent

GARCH(1,1) GARCH(1,1) GARCH(1,1)

GARCH (1,1) with dummies GARCH (1,1) with dummies GARCH (1,1) with dummies
c0 0.0002 0.0002 0.0003 0.0002 0.0003 0.0002
(0.187) (0.263) (0.147) (0.215) (0.114) (0.175)
A 0.0540%* 0.0423%%* 0.0279 0.0175 0.0447* 0.0403*
(0.005) (0.019) (0.208) (0.414) (0.004) (0.004)
A 0.0294* 0.0296* 0.0279* 0.0288* 0.0272* 0.0245%*
(0.000) (0.000) (0.000) (0.000) (0.001) (0.004)
B0 0.0000%* 0.0000%* 0.0000%* 0.0000%* 0.0000%* 0.0000%*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Bl 0.1312%* 0.1392* 0.1307* 0.1374* 0.1310%* 0.1337*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
k1l 0.8609* 0.8574* 0.8608* 0.8593* 0.8607* 0.8620%*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
B1+x1 0.991 0.996 0.990 0.996 0.991 0.995

*1% significance level, **5% significance level and ***10% significance level. 1 is the coefficient for
previous shocks and k1 is the coefficient for persistence.

The results for the GARCH (1,1), with dummies, are consistent with the
results from the GARCH (1,1). The findings also show that there is a significant
positive relationship between the platinum market returns and the Brent returns;
both the GARCH (1,1) and the GARCH (1,1), with dummies, show a positive
significant relation between precious metal returns and oil returns, with all the
coefficients being significant at the 1 per cent and 5 per cent significance levels.
This situation reflects that, in general when the oil markets are appreciating there
is a trend of increasing returns for the platinum market, as happened with the gold

and silver markets.
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Examining the variance estimates, the results show that for both models, the
GARCH parameter for volatility persistence is moving between 0.85 as the lowest
value to 0.86 as the highest.

With regard to volatility persistence, the coefficients for each of the equations
are significant, with the characteristic of a reduction in the magnitude of the
GARCH coefficients for the GARCH with dummies. The sum of the GARCH
coefficients is close to 1 in all the cases implying extreme persistence in volatility
for both GARCH models (GARCH (1,1) and the GARCH (1,1) with dummies),
results that are influenced by the volatility persistence that characterise equity
markets. This means that platinum is affected by shocks derived from equity
markets, and the effects tend to last to a lesser extent, as the coefficients from the
model incorporating the dummy variables tend to reduce the magnitude of the
volatility coefficients. Overall, the results show that the GARCH model with
dummies tends to correct the level of volatility persistence as is possible to
appreciate in the reduction of the coefficients magnitude. The results also show
weak evidence regarding the influence of stock returns on precious metals returns,

while the oil market seems to have a direct effect on the precious metals markets.

5.4.2.4.5 Standardized Residuals

The diagnostic tests on the standardised residuals for both GARCH
models® indicates that the residuals are non-normally distributed in all the cases.
With regard to the ARCH-LM residual test, results show that overall the variance
equation for the GARCH model is correctly specified, as we reject the null
hypothesis of remaining ARCH effects in the equation in almost all the cases.
This problem is corrected after increasing or decreasing the number of lags used
in the estimation. The test results show that the variance equation is correctly

specified as well for the GARCH dummy model.

% The results are not shown for brevity, being available in Appendix I.
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5.4.2.4.6 Analysis and Conclusions

In this analysis of precious metals, major stock indices and oil returns, the
Inclan and Tiao (1994) iterative cumulative sums of squares (ICSS) algorithm has
been used to identify sudden shifts in volatility in precious metals markets (Gold,
Platinum and Silver), three major stock markets (Dow Jones Industrials, FTSE
100, and Nikkei 225) and one oil price (Crude Oil Brent). First, the analysis
implemented the ICSS algorithm to identify sudden changes in variance using
each series individually. The results show a great number of breakpoints and
inconsistencies among each of the series under analysis in relation to finding
common points that allow one to find out the relevant dummy variables that
should be included in the GARCH model to analyze volatility persistence.
Therefore, and in order to avoid the overestimation of breakpoints detected by the
ICSS algorithm it is considered appropriate to use the GARCH (1,1) model to
obtain the standardized residuals, which are used to estimate the relevant volatility
jumps that are identified as the main dummy variables to analyze the relationship
between precious metals returns, stock returns, and oil returns.

First the normal GARCH (1,1) model is employed, and afterwards the ICSS-
GARCH extended model is implemented, which incorporates the volatility
breakpoints identified by the ICSS algorithm. The main results show that there is
a significant positive relationship between precious metals market returns and the
Brent returns; both the GARCH (1,1) and the GARCH (1,1) models with
dummies, show a positive significant relationship between precious metal returns
and oil returns, with all the coefficients being significant at the 1 per cent, and 5
per cent significance levels. This situation reflects that, in general when the oil
markets are appreciating there is a trend of increasing returns for the gold market.
In relation to the equity markets most of the coefficients appear to be
insignificant, meaning that shocks in equity markets do not tend to generate major
effects on gold markets and only to a minor extent on other precious metals

markets. It is also found that all the coefficients for the ICSS model are
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statistically significant, with the characteristic that volatility persistence
coefficients tend to reduce their value after including the dummy variables that
correct the results for sudden shifts in conditional volatility.

These results are of importance to investors due to the fact that stock markets
are influenced by shocks in oil and precious metals markets, while precious
metals markets are seen as being more stable and secure assets. Therefore, the
independent behaviour of precious metals regarding oil and equity markets during
times of crises, and the constant upward trend that these markets are facing in
current times, represent high valuable information for investors who would be
able to design their investment strategies taking into account the use of precious
metals in the composition of their portfolios. The initial results present evidence
of the important implications that the new role of precious metal markets could
play for investors. Thus, the author considers that this is a topic worthy of future
research, where it is advisable to use an adjusted version of the EGARCH model
and also to take into account different frequencies on the data analysis (weekly
and monthly) that will provide more evidence in understanding precious metals

markets.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

The general review of the work undertaken starts with a summary of the
topics under study, by presenting in a clear way what were the main research
motivations and objectives for attempting the analysis of the linkages between
stock markets, currency markets, precious metals and oil markets with an
emphasis on some selected emerging economies and also with reference to the
world’s most developed economies. The chapter continues with the outline of the
study’s major findings for the different markets and regions, and also with a
careful discussion of the major implications of the findings. Finally, the chapter
concludes by identifying some limitations associated with the research, and a
discussion of some areas that need further attention, and that are considered of
great importance to the better understanding of financial markets and their

interlinkages.

6.1 Research Motivation and Main Objectives

In the recent past, where energy and non-energy commodities prices have
first trended sharply upwards and have subsequently suffered an adjustment due
to the current economic circumstances, it is plausible to think that after the world
economy recovers, the upward trend in these markets will come back and will
tend to persist for the coming years. This assumption is based on the fact that the
demand for oil and precious metals has been and will continue to be deeply
affected by the needs of emerging economies located in Asia (China and India in

particular) and Latin America (Brazil, Chile, and Mexico).
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The analysis that is presented in this thesis has been developed in order to
provide empirical evidence of the relationship between equity, currency, precious
metals and oil markets. An international approach has been followed, with a focus
on emerging markets in Europe, Asia and Latin America, but without forgetting
the importance of the G-7 that represents the most developed equity markets in
the world. The main research is focused in finding out whether emerging
economies and commodities markets are real alternatives for investors. Therefore,
the initial stages of this thesis were based on the formulation of three particular

hypotheses that demanded a clear answer and that can be summarised as follows:

1. First, this research questions whether global markets are becoming
more integrated. While it is true that the existing literature has
demonstrated that developed markets are the ones that show the
existence of some level of integration, it is not possible to generalise
this statement to every country, and in particular, special care should
be taken when talking about market at different levels of
development. Therefore, the initial hypothesis is that there is weak
evidence demonstrating interlinkages between stock and currency
markets in the G-7 economies, Eastern European, Asian and Latin

American emerging economies.

2. The second hypothesis focuses on the analysis of the relationship
between stock returns and exchange rates in the economies
mentioned above during times of uncertainty. In this case, the main
argument questions existing evidence according to which exchange
rates changes do not affect stock returns. In order to offer a wide
view of the true relationship between these markets, the current
investigation introduced a variety of exchange rates, and also the

time period under analysis includes a period of financial turmoil,
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distress and uncertainty that offers a better view of the real behaviour

of these two markets.

3. The third hypothesis relates to the analysis of commodities markets.
The main interest is focused on the idea that these markets can
present price stability properties, especially during times of financial
distress. The author suspects that stock markets, precious metals and
oil markets are not highly integrated, and so they behave quite

independently.

On a general basis, it is possible to conclude that the general pattern
followed for the equity, currency and precious metals markets that were included
in this study do show a high degree of independence. This means that investors
could clearly benefit from diversification; therefore, their investment strategies
should be designed by taking account of potential opportunities derived from

emerging economies and precious metals markets.

6.2 Main Findings and Implications

The main findings can be presented under three main headings: 1) the
results obtained for the emerging markets: Eastern Europe, East Asia and Latin
America, ii) the results from a comparative point of view between the emerging
economies, with the world’s most developed markets represented by the G-7
economies, and iii) finally, the main results from the precious metals and oil

markets analysis.

6.2.1 Emerging economies major findings

a) With regard to Eastern Europe, the bivariate analysis did not identify

any country where exchange rates and stock prices were found to be
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b)

cointegrated. These results can be explained by the need for these
countries to progress in core areas like corporate and bank
restructuring, and of course a deep reform of their legal and regulatory
frameworks. In terms of the causality analysis it is not possible to infer
any clear conclusion, as the main methodologies under use did not
show consistency among the results. However, as a general statement,
it could be said that it seems to be the case that exchange rates and
stock prices are independent in this part of the world. In terms of the
trivariate analysis, the results are also consistent with the ones obtained
from the bivariate analysis, which confirms that the non-existence of a
consistent relationship between exchange rates and stock prices seems
to be a fact in these countries. The causality test indicates that there is
evidence of unidirectional causal effects running from the exchange
rates to the stock markets. Finally, when analysing volatility effects in
these markets, the results show that volatility in stock returns and
exchange rates tended to decrease after the countries joined the
European Union, a situation that can be explained by the increase in
stability regarding these markets after they joined the EU. In terms of
spillover effects these are non-significant results, suggesting again the

non-existence of integration between markets.

When analysing East Asia, the major findings indicate that for most of
the markets there exists significant volatility persistence effects. There
is also evidence of significant volatility spillovers between stock
returns and exchange rates during the crisis. However, when looking at
the results after the financial crisis, there is no significant evidence of
spillover effects. The reduced volatility transmission from currency
markets to stock returns in most of the markets may be an indication of
the learning processes that took place in the region. Therefore, a high

increase in risk management techniques took place in these countries
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in order to minimise companies’ risk exposure. Also, the lack of
significant spillover effects is an indication of the financial
restructuration that took place in the markets after the financial
turmoil. As it is possible to appreciate, the Asian countries
interlinkages exhibit a different level of integration when compared to
the East European countries, where the lack of integration on their
markets is evident. This can be explained by the immaturity of these
markets and also by the transformation process that their economies
are undergoing, with the aim of adjusting to EU regulations. However,
in the case of East Asia, the lack of integration appears to exist because

of better management of risk exposure to currency fluctuations.

In the Latin American case, the results for the volatility spillovers
coefficients present some degree of variation across countries and
time, in relation to the various exchanges rate introduced in the study.
Similar findings are encountered when analysing spillover effects from
exchange rates to stock markets. The presence of significant
coefficients indicates that volatility of the world’s dominant currencies
(US dollar, Japanese Yen, and British Pound) were a determinant on
shocks in stock markets. The results are very interesting, as one could
identify some instances where spillovers were bidirectional in nature
between the two markets. These results imply that bidirectional
spillovers can be taken as evidence of a high degree of integration
between stock markets and the major currencies. These results are not
found when looking at the linkages between stocks returns and
exchange rates of neighbouring countries. Therefore, it seems that the
level of integration would be more currency specific in this part of the

world.
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6.2.2 World developed markets versus Emerging economies

The results analysing volatility spillovers effects for the G-7
economies, show a large degree of consistency across countries and time periods.
In the case of spillovers running from stock returns to exchange rates, the results
are consistent with the major findings in the existing literature. So it can be
concluded that shocks on stock markets are very important in determining
volatility in the exchange rate markets, and also they confirm the high level of
integration that exists between them. These results are not surprising, as the G-7
encompasses the most developed financial markets globally. In terms of volatility
spillovers from exchange rates to stock markets, the results are less significant
across countries and overtime. However, the results show a number of bilateral
exchange rates, where significant spillovers were evident from exchange rates to
stock returns.

The major findings reflect that these results are affected by the introduction of
a large number of bilateral exchange rates, and this brings into question the
generalised assumption that exchange rates will not generate effects on stock
markets. The author’s core expectation was to find evidence of exchange rates
driven stock markets, and the results confirm her suspicions. Therefore, one can
talk about a currency specific level of integration between these markets. Another
important conclusion and a clear contribution derived from this research’s
findings is that the relationship between these financial markets is still not clear,
and many more studies should be conducted in order to clarify and truly enlighten

the real relationship that exists between these markets.
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6.2.3 Precious Metals Markets

In relation to the volatility analysis conducted on precious metals, this

research’s major findings bring new and important results.

a)

b)

First, the analysis of precious metals show that there is clear evidence
of volatility persistence between precious metals returns. In terms of
volatility spillovers effects, the main findings are that there is some
evidence of volatility spillovers running in a unidirectional way in
some of the cases; in particular, gold tends to generate effects on all the
markets, but there is little evidence of spillover effects in the case of
the other precious metals influencing the gold market. Finally, the
results from asymmetric spillover effects show that negative news has
a stronger impact in these markets than positive news, a characteristic

that is shared with the financial markets analysed.

Second, the analysis of equity markets in combination with precious
metals and oil markets indicates that in terms of volatility persistence
there are no significant coefficients from stock returns to precious
metals returns, while the results are significant in the reverse direction.
This means that shocks in precious metals markets impact on stock
markets, but shocks affecting stock markets are not transmitted to

precious metals and oil markets.

Third, when looking at precious metals behaviour and how they react
during times of crisis, and in this particular case to the effects of the
Asian crisis, the findings indicate that precious metals depreciation
under conditions of stable and unstable markets situations tends to
decrease the mean stock return and also increase market volatility. The

results show that there is clear evidence of volatility persistence
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between precious metals returns, but that this persistence was not so
obvious during the Asian financial crisis, where it seems that these
markets were affected to a lesser extent by this shock than by what
happened to the financial markets. In terms of volatility spillover
effects, the main findings are that there is evidence of volatility
spillovers running in a unidirectional way from gold to the rest of the
metals; some evidence of bidirectional spillovers exists, but they are
quite mixed and weak across the time periods. However there is little
evidence that the other precious metals under study influence the gold

market.

To conclude, the results for the emerging markets show that when
analysing the relationship between exchange rates and stock prices they seem to
be independent. There is no strong evidence of these two markets moving
together either in the long-term or in the short-term. Overall, the individual pair
wise analysis does not identify evidence of stock returns and exchange rates being
cointegrated. These findings are not surprising as this author’s a priori expectation
was based in not finding a high level of integration and interdependence between
the markets under study. Based on the general hypothesis that argues that
financial markets are becoming more and more integrated, the results obtained
throughout this research are quite challenging as they show evidence

demonstrating that such a theory should be considered carefully.

The correlation between markets is very important for portfolio managers
in the composition of their portfolios. Associating this statement with this
research it is possible to explain markets connections as follows: if the results
show that equity and currency markets are not cointegrated, implying that the
markets are not moving together in the long-term, investors can build their
investment portfolios wisely, trying to exploit the differences between countries.

Applying these statements to this study’s findings, it is possible to conclude that
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the results have revealed a clear pattern of no cointegration between the European
equity and currency markets in the Euro zone. Therefore, one might conclude that
from the point of view of investors, they can use the equity markets to diversify
their portfolios. As the markets are not moving together, it would be possible to
exploit the differences between them in the long-term and also in the short-term.
The causality analysis also shows an interesting result where a unidirectional
relationship is found running from stock returns to exchange rates. Overall, there
is no evidence that stock returns in the European equity markets are causing any
effect on the other markets (as has been demonstrated from the pair wise
analysis). These findings allow one to state that an investor could diversify his/her
portfolio using equity and currency markets in order to generate profits. This
indicates that portfolio managers can obtain benefits in building their portfolios in
the long term, diversifying between the emerging equity markets and the world’s

major markets included in this analysis.

Finally and in order to conclude, the present study has identified an
interesting pattern with regard to equity market interlinkages. In globalised
economies and after all the changes affecting European economies such as the
introduction of the euro in the financial markets in 1999, - with the objective of
eliminating transaction costs, facilitating capital flows and therefore allowing for
an easy movement of capital between equity markets - , it would be reasonable to
think that equity markets should become more integrated, a fact that, if it were to
happen, would have direct repercussions for investors’ decisions. For that reason,
this thesis provides clear evidence that such an integration process is quite slow,
and not homogeneous around the world, and as a consequence there are still many

opportunities in the markets for investors in order to make profits.
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6.3 Main Contributions to Existing Research

The major contributions of this thesis can be enumerated as follows:

a)

b)

d)

At the initial stage of this study, it was possible to indentify some gaps
and limitations in the existing studies analysing interlinkages between
stock and currency markets. Most of the studies focus on the analysis of
cointegration and causality relationships in these markets. Therefore,
this thesis proposed some methodological improvements and also the
addition of new variables that allow one to attempt an investigation that
provides new evidence in the area. The study also implemented a
comparative analysis between emerging and developed economies.
Another feature that is worth mentioning is that this research introduced
the analysis of these markets behaviour during times of uncertainty,
where the Asian crisis and the introduction of the Euro were considered

as major events that could generate shocks in the markets under study.

A second major contribution is related to the analysis of precious metals
markets. In this regard, this thesis’s contribution is very clear, as there is
a somewhat surprising lack of research dealing with the analysis of the
relationships that could exist between these markets, and in particular

little has been done in the area of volatility issues.

A third area where this study adds to the literature is related to the
relationships that exist between precious metals and the most developed
stock markets in the world. Again, in this case this work is quite unique,
as to the best of the author’s knowledge there is no evidence of the

existence of similar studies.

Fourth, this thesis also takes into account volatility effects that exist

between core stock markets, precious metals and oil markets. In this
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case, it has been possible to provide a clear improvement in the
methodology that was applied, by using the ICSS algorithm on the
GARCH (1,1) standardized residuals where currency depreciation was
included in the model. This kind of analysis is also very unique, as there
is no current evidence of this technique having been applied to the

analysis of volatility effects in the above-mentioned markets.

e) And finally, the whole thesis is a relevant work given the current trends
of stock markets suffering from the consequences of a deep economic
recession. This research has been able to identify future areas of efficient
investment, where well designed strategies managing risk exposure can
benefit from the allocation of capital in emerging economies, and

precious metals markets.

Overall, it can be considered that the work that has been done in the present
thesis has major implication for investors, as it has been able to identify potential
areas of investment that should be considered when designing their portfolios. But
more importantly, it has also brought out important areas of research that seem to
be forgotten by academics and that are of great interest and importance to the

whole economy.

6.4 Notes for Further Research

In conclusion, while the global economy is going through times of
uncertainty and distress and where developed markets are appearing as less
attractive, commodities markets, emerging and developing economies, and in
particular Asian emerging markets are appearing as zones of great interest and
high investment potential. Indeed, commodities are markets that need to be
studied carefully and in more detail as they are clear options for new investment.
Consequently, possible extensions of this work could focus on the analysis of

commodities and the Asian emerging economies, using multivariate techniques
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where key indicators such as economic growth, interest rates and exchange rates
should be included in future research, in order to get information on the reaction
of these markets when changes in interest rates, unemployment, monetary
policies, or currency depreciation/appreciation occur. Thus, it is obvious that this
kind of research is of great relevance for practitioners and investors in order to
understand markets connections, as this would allow them to design their

investment strategies in a more efficient manner.
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APPENDIX A

EUROPEAN EQUITY MARKETS

TABLE 1.1: UNIT ROOT TEST

Type of Test ADF PP KPSS

Countries Variables  Levels 1% Diff. Levels 1% Diff. Levels 1% Diff.
Czech Republic czl -1.7585 -9.6892* -1.6220 -46.0777* 0.8375 0.0999*

CZE -2.0775 -31.7775* -2.0122 -40.6068* 0.4585* n/a
Hungary HGI -1.1226 -28.8073* -1.1030 -41.6523* 4.7000 0.0504*
HGE -0.5147 -44.1129* -0.5190 -44.1146* 47484 0.0813*
Poland POI 0.4208 -13.2113* 0.5106 -40.7275* 41117 0.3832*
POI 1.4131 -15.9524* 1.3358 -42.3416* 3.6709 0.4841*
Slovakia SLI -0.9505 -11.6013* -0.8230 -40.5091* 1.7710 0.3336*
SLE -0.3479 -8.4861* -0.0087 -46.1630* 4.4851 0.2697*

*1% significance level, CZI: Czech Republic Stock Prices, CZE: Czech Republic Exchange Rates, HGI: Hungary Stock Prices, HGE: Hungary Exchange Rate,
POI: Poland Stock Prices, POE: Poland Exchange Rate, SLI: Slovakia Stock Prices, SLE: Slovakia Exchange Rate.

TABLE 1.2: LAGRANGE MULTIPLIER FOR SERIAL CORRELATION (LM TEST)

Type of Test LM
Countries Variables LM-Statistic p-values
Czech Republic Czl 0.7674 0.3811*
CZE 2.0353 0.0152*
Hungary HGI 3.8592 0.0212*
HGE 1.4533 0.2281*
Poland POI 0.4912 0.4835*
POI 4.3621 0.0369*
Slovakia SLI 0.3387 0.5606*
SLE 0.5606 0.0537*

*1% significance level, CZI: Czech Republic Stock Prices, CZE: Czech Republic Exchange Rates, HGI: Hungary Stock Prices, HGE: Hungary
Exchange Rate, POI: Poland Stock Prices, POE: Poland Exchange Rate, SLI: Slovakia Stock Prices, SLE: Slovakia Exchange Rate.

TABLE 1.3: ENGLE & GRANGER COINTEGRATION TEST (Results of the model including a Constant)

Type of Test ENGLE & GRANGER COINTEGRATION TEST

Countries Variables t-statistic p-value *1% **5% ***10%

CVv Ccv CVv
Czech Republic CzI -1.6539 0.4547 -3.4335 -2.8628 -2.5675
CZE -1.9699 0.3004 -3.4335 -2.8628 -2.5675
Hungary HGI -2.1138 0.2393 -3.4335 -2.8628 -2.5675
HGE -1.7175 0.4222 -3.4335 -2.8628 -2.5675
Poland POI -1.7034 0.4294 -3.4335 -2.8628 -2.5675
POI -1.3645 0.6011 -3.4335 -2.8628 -2.5675
Slovakia SLI -1.6783 0.4422 -3.4335 -2.8628 -2.5675
SLE -1.0494 0.7373 -3.4335 -2.8628 -2.5675

*1% significance level, CZI: Czech Republic Stock Prices, CZE: Czech Republic Exchange Rates, HGI: Hungary Stock Prices, HGE: Hungary
Exchange Rate, POI: Poland Stock Prices, POE: Poland Exchange Rate, SLI: Slovakia Stock Prices, SLE: Slovakia Exchange Rate.
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JOHANSEN COINTEGRATION TESTS

TABLE 1.4: CZECH REPUBLIC

Type of Test JOHANSEN COINTEGRATION TEST
Models No. of Trace 1% CV  Max-Eigen 1% Cointegration
CE(s) Statistic St Ccv
Model 2 None 9.0088 25.0781 7.3252 20.1612 No
At most 1 1.6836 12.7608 1.6836 12.7608 No
Model 3 None 8.5929 19.9371 7.2779 18.5200 No
At most 1 1.3149 6.6349 1.3149 6.6349 No
Model 4 None 9.2422 31.1539 7.2787 23.9753 No
At most 1 1.9634 16.5539 1.9634 16.5539 No
None None Linear Linear Quadratic
Summary Test No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Variables Trace 0 0 0 0 0
Max-Eig 0 0 0 0 0
*1% significance level
TABLE 1.5: HUNGARY
Type of Test JOHANSEN COINTEGRATION TEST
Models No. of Trace 1% CV  Max-Eigen 1% Cointegration
CE(s) Statistic St cVv
Model 2 None 6.4833 25.0781 4.5045 20.1612 No
At most 1 1.9788 12.7608 1.9788 12.7608 No
Model 3 None 4.6019 19.9371 4.3931 18.5200 No
At most 1 0.2087 6.6349 0.2087 6.6349 No
Model 4 None 23.5664 31.1539 19.8665 23.9753 No
At most 1 3.6999 16.5539 3.6999 16.5539 No
None None Linear Linear Quadratic
Summary Test No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Variables Trace 0 0 0 0 0
Max-Eig 0 0 0 0 0

*1% significance level
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TABLE 1.6:POLAND

Type of Test JOHANSEN COINTEGRATION TEST
Models No. of Trace 1% CV  Max-Eigen 1% Cointegration
CE(s) Statistic St cv
Model 2 None 14.7918 25.0781 13.1396 20.1612 No
At most 1 1.6522 12.7608 1.6522 12.7608 No
Model 3 None 8.7422 19.9371 8.0634 18.5200 No
At most 1 0.6788 6.6349 0.6788 6.6349 No
Model 4 None 11.4590 31.1539 8.0789 23.9753 No
At most 1 3.3801 16.5539 3.3801 16.5539 No
None None Linear Linear Quadratic
Summary Test No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Variables Trace 0 0 0 0 0
Max-Eig 0 0 0 0 0
*1% significance level
TABLE 1.7: SLOVAKIA
Type of Test JOHANSEN COINTEGRATION TEST
Models No. of Trace 1% CV  Max-Eigen 1% Cointegration
CE(s) Statistic St Ccv
Model 2 None 6.3133 25.0781 4.2836 20.1612 No
At most 1 2.0297 12.7608 2.0297 12.7608 No
Model 3 None 2.2209 19.9371 2.0771 18.5200 No
At most 1 0.1438 6.6349 0.1438 6.6349 No
Model 4 None 8.7433 31.1539 6.7107 23.9753 No
At most 1 2.0326 16.5539 2.0326 16.5539 No
None None Linear Linear Quadratic
Summary Test No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Variables Trace 0 0 0 0 0
Max-Eig 0 0 0 0 0
*1% significance level
TABLE 1.8: VAR RESIDUAL SERIAL CORRELATION LM TEST
Type of Test LM
Countries No. of Lags LM-Statistic p-values
HQ criteria
Czech Republic 2 8.1461 0.0864*
Hungary 1 8.5036 0.0748*
Poland 2 5.4575 0.2435*
Slovakia 3 9.6055 0.0476*

*1% significance level
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TABLE 1.9: BIVARIATE MODEL LAGRANGE MULTIPLIER FOR SERIAL CORRELATION (LM TEST)

Type of Test LM

Countries Variables LM-Statistic p-values
Czech Republic DCzI 1.8206 0.1774
DCZE 1.6724 0.1961
Hungary DHGI 0.4632 0.4962
DHGE 1.3838 0.2396
Poland DPOI 4.0731 0.0437
DPOE 1.0113 0.3147
Slovakia DSLI 3.9353 0.0474
DSLE 0.0652 0.7984

*1% significance level, D: variables in first differences, DCZI: Czech Republic Stock Prices, DCZE: Czech Republic Exchange Rates, DHGI: Hungary Stock
Prices, DHGE: Hungary Exchange Rate, DPOI: Poland Stock Prices, DPOE: Poland Exchange Rate, DSLI: Slovakia Stock Prices, DSLE: Slovakia Exchange

Rate.
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APPENDIX B

EUROPEAN EQUITY MARKETS II

TABLE 2.1: DATA SET FOR EACH COUNTRY

Countries Variables Sample period 1997-2006
Czech Republic CZE 1 January 1999
czl to 12" July 2006
Hungary HGE 1% January 1999
HGI to 12" July 2006
Poland POE 1% January 1999
POI to 12" July 2006
Slovakia SLE 1% January 1999
SLI to 12" July 2006
Germany GE 1% January 1999
to 12" July 2006
United Kingdom UK 1% January 1999
to 12" July 2006
United States us 1% January 1999

to 12" July 2006

*Data Source: DATASTREAM

TABLE 2.2: UNIT ROOT TEST: 1% Significance Level

Type of Test ADF PP KPSS

Countries  Variables  Levels 1% Diff. Levels 1% Diff. Levels 1% Diff.
Czech CZE 0.5344 19.0384* 0.5386 44,1260* 4,7514 0.08002*
Republic czl 0.4182 13.2265* 0.4949 40.7338* 41173 0.3797*

Hungary HGE 2.0405 31.8661* 1.9891 4,07551* 0.4542* n/a
HGI 0.3403 13.0366* 0.4010 41.5615* 3.9822 0.2861*
Poland POE 1.5001 19.4770* 1.6241 46.1103* 0.8368 0.0992*
POI 1.3379 16.1436* 1.2725 42.3800* 3.6773 0.4712*
Slovakia SLE 1.1184 28.8191* 1.1007 41.6648* 4.7037 0.0505*
SLI 0.0909 9.0546* 0.0185 46.1846* 4.4895 0.2682*
Germany GE 1.3310 19.0267* 1.2744 44.4622* 2.0448 0.2176*
UK UK 1.3108 16.0706* 1.2643 46.1370* 2.6750 0.2439*
us us 2.7288 32.7127* 2.6060 45.1036* 0.8367 0.0558*

*1% significance level.
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TABLE 2.3: UNIT ROOT SUMMARY TABLE

Type of Test ADF KPSS

Countries Variables Levels 1% Diff. Levels 1% Diff. Levels 1% Diff.

Czech Republic CZE No Yes No Yes No Yes

Cczi No Yes No Yes No Yes

Hungary HGE No Yes No Yes Yes n/a

HGI No Yes No Yes No Yes

Poland POE No Yes No Yes No Yes

POI No Yes No Yes No Yes

Slovakia SLE No Yes No Yes No Yes

SLI No Yes No Yes No Yes

Germany GE No Yes No Yes No Yes

United Kingdom UK No Yes No Yes No Yes

United States us No Yes No Yes No Yes

TABLE 2.4: LAGRANGE MULTIPLIER FOR SERIAL CORRELATION (LM TEST)

Type of Test LM

Countries Variables LM-Statistic p-values
Czech Republic CZE 2.5463 0.1107*
czi 2.4280 0.1193*

Hungary HGE 20260 0.1580*
HGI 1.4513 0.2284*

Poland POE 4.4364 0.0353*

POI 0.6205 0.4309*

Slovakia SLE 2.9623 0.0114*
SLI 0.0961 0.7565*

Germany GE 0.6051 0.4367*
United Kingdom UK 0.9367 0.3332*
United States UsS 1.1425 0.2852*

TABLE 2.5: JOHANSEN COINTEGRATION TEST

Type of Test JOHANSEN COINTEGRATION TEST (hungary & ge)
Models No. of Trace 1% CV  Max-Eigen 1% Cointegration
CE(s) Statistic St Ccv
Model 2 None 26.4385 41.1950 18.8789 27.0678 No
At most 1 7.5596 25.0781 6.7786 20.1612 No
At most 2 0.7809 12.7607 0.7809 12.7607 No
Model 3 None 19.3187 35.4581 13.6595 25.8612 No
At most 1 5.6591 19.9371 5.6591 18.5200 No
At most 2 9.67E-07 6.6348 9.67E-07 6.6348 No
Model 4 None 26.4181 41.0814 12.1802 29.2615 No
At most 1 12.3580 23.1523 5.7164 21.7442 No
At most 2 5.6427 6.6348 1.3738 6.6348 No
None None Linear Linear Quadratic
Summary Test No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Variables Trace 0 0 0 0 0
Max-Eig 0 0 0 0 0

*1% significance level.
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TABLE 2.6: JOHANSEN COINTEGRATION TEST

Type of Test JOHANSEN COINTEGRATION TEST (hungary & uk)
Models No. of Trace 1% CV  Max-Eigen 1% Cointegration
CE(s) Statistic St cv
Model 2 None 18.7893 41.1950 11.7285 27.0678 No
At most 1 7.0608 25.0781 4.8675 20.1621 No
At most 2 2.1933 12.7607 2.1933 12.7607 No
Model 3 None 13.5587 35.4581 9.8382 25.8612 No
At most 1 3.7305 19.9371 3.6266 18.5200 No
At most 2 0.1038 6.6348 0.1038 6.6348 No
Model 4 None 38.1844 49.3627 27.1128 30.8339 No
At most 1 11.0715 31.1538 8.0136 23.9753 No
At most 2 3.0579 16.5538 3.0579 16.5538 No
None None Linear Linear Quadratic
Summary Test No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Variables Trace 0 0 0 0 0
Max-Eig 0 0 0 0 0
*1% significance level.
TABLE 2.7: JOHANSEN COINTEGRATION TEST
Type of Test JOHANSEN COINTEGRATION TEST (hungary & us)
Models No. of Trace 1% CV  Max-Eigen 1% Cointegration
CE(s) Statistic St CcVv
Model 2 None 28.0149 4.1950 17.2342 2.70678 No
At most 1 10.7806 25.0781 8.4220 20.1612 No
At most 2 23.1485 12.7607 2.3485 12.7607 No
Model 3 None 23.0080 35.4581 6.6622 25.8612 No
At most 1 6.3457 19.9371 6.1436 18.5200 No
At most 2 0.2020 6.6348 0.2020 6.6348 No
Model 4 None 33.9658 49.3627 21.9445 30.8339 No
At most 1 12.0212 31.1538 8.5746 23.9753 No
At most 2 3.4466 16.5538 3.4466 16.5538 No
None None Linear Linear Quadratic
Summary Test No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Variables Trace 0 0 0 0 0
Max-Eig 0 0 0 0 0

*1% significance level.
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TABLE 2.8: JOHANSEN COINTEGRATION TEST

Type of Test JOHANSEN COINTEGRATION TEST (poland & ge)
Models No. of Trace 1% CV  Max-Eigen 1% Cointegration
CE(s) Statistic St cv
Model 2 None 26.6212 41.1950 16.1975 27.0678 No
At most 1 9.4236 25.0781 8.2825 20.1612 No
At most 2 1.1411 12.7607 1.1411 12.7607 No
Model 3 None 18.0571 35.4581 11.6807 25.8612 No
At most 1 6.3763 19.9371 6.1053 18.5200 No
At most 2 0.2710 6.6348 0.2710 6.6348 No
Model 4 None 21.6674 49.3627 13.1291 30.8339 No
At most 1 8.5382 31.1538 6.1241 23.9753 No
At most 2 2.4041 16.5538 2.4041 16.5538 No
None None Linear Linear Quadratic
Summary Test No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Variables Trace 0 0 0 0 0
Max-Eig 0 0 0 0 0
*1% significance level.
TABLE 2.9: JOHANSEN COINTEGRATION TEST
Type of Test JOHANSEN COINTEGRATION TEST (poland & uk)
Models No. of Trace 1% CV  Max-Eigen 1% Cointegration
CE(s) Statistic St CcVv
Model 2 None 17.2481 41.1950 9.1904 27.0678 No
At most 1 8.0577 25.0781 4.7863 20.1612 No
At most 2 3.2713 12.7607 3.2713 12.7607 No
Model 3 None 11.5546 35.4581 7.2143 25.8612 No
At most 1 4.3403 19.9371 4.0091 18.5200 No
At most 2 0.3309 6.6348 0.3309 6.6348 No
Model 4 None 37.0236 49.3627 27.8138 30.8339 No
At most 1 9.2098 31.1538 6.5575 23.9753 No
At most 2 2.6522 16.5538 2.6522 16.5538 No
None None Linear Linear Quadratic
Summary Test No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Variables Trace 0 0 0 0 0
Max-Eig 0 0 0 0 0

*1% significance level.
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TABLE 2.10: JOHANSEN COINTEGRATION TEST

Type of Test JOHANSEN COINTEGRATION TEST (poland & US)
Models No. of Trace 1% CV  Max-Eigen 1% Cointegration
CE(s) Statistic St cVv
Model 2 None 22.4381 41.1950 12.5843 27.0678 No
At most 1 9.8537 25.0781 7.5856 20.1612 No
At most 2 2.2681 12.7607 2.2681 12.7607 No
Model 3 None 17.3279 35.4581 11.5527 25.8612 No
At most 1 5.7751 19.9371 5.1395 18.5200 No
At most 2 0.6356 6.6348 0.6356 6.6348 No
Model 4 None 27.5175 49.3627 18.8355 30.8339 No
At most 1 8.6820 31.1538 6.1048 23.9753 No
At most 2 25771 16.5538 55771 16.5538 No
None None Linear Linear Quadratic
Summary Test No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Variables Trace 0 0 0 0 0
Max-Eig 0 0 0 0 0
*1% significance level.
TABLE 2.11: JOHANSEN COINTEGRATION TEST
Type of Test JOHANSEN COINTEGRATION TEST (czec rep. & ge)
Models No. of Trace 1% CV  Max-Eigen 1% Cointegration
CE(s) Statistic St cVv
Model 2 None 26.8349 41.1950 17.4609 27.0678 No
At most 1 9.3739 25.0781 6.7948 20.1612 No
At most 2 2.5791 12.7607 2.5791 12.7607 No
Model 3 None 17.1658 35.4581 11.1516 25.8612 No
At most 1 6.0141 19.9371 4.9325 18.5200 No
At most 2 1.0816 6.6348 1.0816 6.6348 No
Model 4 None 39.7184 49.3627 25.1734 30.8339 No
At most 1 14.5450 31.1538 10.0550 23.9753 No
At most 2 4.4900 16.5538 4.4900 16.5538 No
None None Linear Linear Quadratic
Summary Test No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Variables Trace 0 0 0 0 0
Max-Eig 0 0 0 0 0

*1% significance level.
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TABLE 2.12: JOHANSEN COINTEGRATION TEST

Type of Test JOHANSEN COINTEGRATION TEST (czec rep. & uk)
Models No. of Trace 1% CV  Max-Eigen 1% Cointegration
CE(s) Statistic St cv
Model 2 None 24.9688 41.1950 16.2239 27.0678 No
At most 1 8.7449 25.0781 6.2398 20.1612 No
At most 2 2.5050 12.7607 2.5050 12.7607 No
Model 3 None 18.6901 35.4581 15.7208 25.8612 No
At most 1 2.9693 19.9371 2.9318 18.5200 No
At most 2 0.0374 6.6348 0.0374 6.6348 No
Model 4 None 37.7443 49.3627 20.7188 30.8339 No
At most 1 17.0254 31.1538 14.3495 23.9753 No
At most 2 2.6759 16.5538 2.6759 16.5538 No
None None Linear Linear Quadratic
Summary Test No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Variables Trace 0 0 0 0 0
Max-Eig 0 0 0 0 0
*1% significance level.
TABLE 2.13: JOHANSEN COINTEGRATION TEST
Type of Test JOHANSEN COINTEGRATION TEST (czech rep. & us)
Models No. of Trace 1% CV  Max-Eigen 1% Cointegration
CE(s) Statistic St CcVv
Model 2 None 34.2738 41.1950 25.6250 27.0678 No
At most 1 8.6487 25.0781 6.1148 20.1611 No
At most 2 2.5338 12.7607 2.5338 12.7607 No
Model 3 None 28.5452 35.4581 25.5131 25.8612 No
At most 1 3.0321 19.9371 2.5977 18.5200 No
At most 2 0.4344 6.6348 0.4344 6.6348 No
Model 4 None 42.0915 49.3627 25.7546 30.8339 No
At most 1 16.3368 31.1538 14.2822 23.9753 No
At most 2 2.0545 16.5538 2.0545 16.5538 No
None None Linear Linear Quadratic
Summary Test No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Variables Trace 1 0 0 0 0
Max-Eig 1 0 0 0 0

*1% significance level.
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TABLE 2.14: JOHANSEN COINTEGRATION TEST

Type of Test JOHANSEN COINTEGRATION TEST (slovakia & ge)
Models No. of Trace 1% CV  Max-Eigen 1% Cointegration
CE(s) Statistic St cv
Model 2 None 2522.219* 41.1950 1316.005* 27.0678 Yes
At most 1 1206.214* 25.0781 1204.421* 20.1612 Yes
At most 2 1.7930 12.7607 1.7930 12.7607 No
Model 3 None 2522.199* 35.4581 1316.005* 25.8612 Yes
At most 1 1206.195* 19.9371 1204.421* 18.5200 Yes
At most 2 1.7743 6.6348 1.7743 6.6348 No
Model 4 None 2525.190* 49.3627 1316.321* 30.8339 Yes
At most 1 1208.869* 31.1538 1205.382* 23.9753 Yes
At most 2 3.4868 16.5538 3.4868 16.5538 No
None None Linear Linear Quadratic
Summary Test No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Variables Trace 2 2 2 2 2
Max-Eig 2 2 2 2 2
*1% significance level.
TABLE 2.15: JOHANSEN COINTEGRATION TEST
Type of Test JOHANSEN COINTEGRATION TEST (slovakia & uk)
Models No. of Trace 1% CV  Max-Eigen 1% Cointegration
CE(s) Statistic St cVv
Model 2 None 27.5694 41.1950 16.6757 27.0678 No
At most 1 10.8937 25.0781 8.9405 20.1612 No
At most 2 1.9532 12.7607 1.9532 12.7607 No
Model 3 None 21.6854 35.4581 13.7613 25.8612 No
At most 1 7.9240 19.9371 7.0108 18.5200 No
At most 2 0.9132 6.6348 0.9132 6.6348 No
Model 4 None 35.2696 49.3627 23.4495 30.8339 No
At most 1 11.8201 31.1538 7.0114 23.9753 No
At most 2 4.8087 16.5538 4.8087 16.5538 No
None None Linear Linear Quadratic
Summary Test No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Variables Trace 0 0 0 0 0
Max-Eig 0 0 0 0 0

*1% significance level.
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Type of Test JOHANSEN COINTEGRATION TEST (solovakia & us)
Models No. of Trace 1% CV  Max-Eigen 1% Cointegration
CE(s) Statistic St cv
Model 2 None 28.1544 41.1950 16.3803 27.0678 No
At most 1 11.7741 25.0781 8.9689 20.1612 No
At most 2 2.8052 12.7607 2.8052 12.7607 No
Model 3 None 22.2139 35.4581 13.5824 25.8612 No
At most 1 8.6314 19.9371 8.6050 18.5200 No
At most 2 0.0264 6.6348 0.0264 6.6348 No
Model 4 None 35.7784 49.3627 20.9366 30.8339 No
At most 1 14.8417 31.1538 10.1222 23.9753 No
At most 2 4.7195 16.5538 4.7195 16.5538 No
None None Linear Linear Quadratic
Summary Test No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Variables Trace 0 0 0 0 0
Max-Eig 0 0 0 0 0
*1% significance level.
TABLE 2.17: Error Correction Mechanism
Country Statistics 1% Critical Values
Slovakia D(SLE) D(SLI) D(GE) D(SLE) D(SLI) D(GE)
-0.01 -0.16 -4.60* 1.88 -2.68 -2.76

TABLE 2.18: VAR RESIDUAL SERIAL CORRELATION LM TEST
VAR model implemented to decide the optimal numbers of lags to implement the Johansen Cointegration Test.

Type of Test LM

Countries No. of Lags LM-Statistic p-values
HQ criteria

Hungary & GE 2 15.5515 0.0769*
Hungary & UK 2 16.3123 0.0606*
Hungary & US 3 8.8163 0.4544*
Poland & GE 2 16.3769 0.0594*
Poland & UK 3 8.8494 0.4513*
Poland & US 3 17.5239 0.0411*
Czech Republic & GE 1 8.0839 0.5257*
Czech Republic & UK 2 8.3264 0.5016*
Czech Republic & US 3 9.0905 0.4290*
Slovakia & GE 0 21.6000 0.0102*
Slovakia & UK 1 15.6737 0.0740*
Slovakia & US 1 17.0314 0.0482*
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TABLE 2.22: SUMMARY CAUSALITY TEST FOR GERMANY

TYpe of test Granger Causality Test
Countries Variables AIC HQ
DHGE = DHGI Reject Ho Reject Ho
DHGI = DHGE Accept Ho Accept Ho
DGE = DHGI Accept Ho Accept Ho
Hungary DHGI = DGE Accept Ho Accept Ho
DGE = DHGE Accept Ho Accept Ho
DHGE = DGE Accept Ho Accept Ho
DPOE = DPOI Reject Ho Reject Ho
DPOI= DPOE Accept Ho Accept Ho
DGE = DPOI Accept Ho Accept Ho
Poland DPOI=> DGE Accept Ho Accept Ho
DGE = DPOE Accept Ho Accept Ho
DPOE = DGE Accept Ho Accept Ho
DCZE—= DCZI Reject Ho Reject Ho
DCZI= DCZE Accept Ho Accept Ho
Czech DGE = DCZI Accept Ho Accept Ho
Republic DCZI=>DGE Accept Ho Accept Ho
DGE = DCZE Accept Ho Accept Ho
DCZE= DGE Accept Ho Accept Ho
DSLE = DSLI Accept Ho Accept Ho
DSLI=DSLE Accept Ho Accept Ho
DGE = DSLI Accept Ho Accept Ho
Slovakia DSLI=> DUK Accept Ho Accept Ho
DGE = DSLE Accept Ho Accept Ho
DSLE = DGE Accept Ho Accept Ho
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TABLE 2.23: SUMMARY CAUSALITY FOR UK

TYpe of test Granger Causality Test
Countries Variables AIC HQ
DHGE = DHGI Reject Ho Reject Ho
DHGI = DHGE Accept Ho Accept Ho
DUK = DHGI Accept Ho Accept Ho
Hungary DHGI = DUK Reject Ho Accept Ho
DUK = DHGE Accept Ho Accept Ho
DHGE = DUK Reject Ho Reject Ho
DPOE = DPOI Reject Ho Reject Ho
DPOI= DPOE Accept Ho Accept Ho
DUK = DPOI Reject Ho Reject Ho
Poland DPOI=> DUK Accept Ho Accept Ho
DUK = DPOE Accept Ho Accept Ho
DPOE=DUK Reject Ho Reject Ho
DCZE = DCZI Reject Ho Reject Ho
DCZI= DCZE Accept Ho Accept Ho
Czech DUK = DCZI Accept Ho Accept Ho
Republic DCZI=>DUK Accept Ho Accept Ho
DUK= DCZE Accept Ho Accept Ho
DCZE = DUK Reject Ho Reject Ho
DSLE = DSLI Accept Ho Accept Ho
DSLI=DSLE Accept Ho Accept Ho
DUK = DSLI Accept Ho Accept Ho
Slovakia DSLI=> DUK Accept Ho Accept Ho
DUK= DSLE Accept Ho Accept Ho
DSLE = DUK Reject Ho Reject Ho
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TABLE 2.24: SUMMARY CAUSALITY TEST TABLE FOR US

TYpe of test Granger Causality Test
Countries Variables AIC HQ
DHGE = DHGI Reject Ho Reject Ho
DHGI = DHGE Accept Ho Accept Ho
DUS = DHGI Accept Ho Accept Ho
Hungary DHGI=>DUS Accept Ho Accept Ho
DUS = DHGE Accept Ho Accept Ho
DHGE = DUS Reject Ho Reject Ho
DPOE = DPOI Reject Ho Reject Ho
DPOI= DPOE Accept Ho Accept Ho
DUS=>DPOI Reject Ho Reject Ho
Poland DPOI=>DUS Accept Ho Accept Ho
DUS = DPOE Reject Ho Reject Ho
DPOE = DUS Accept Ho Accept Ho
DCZE—= DCZI Reject Ho Reject Ho
DCZI= DCZE Accept Ho Accept Ho
Czech DUS=>DCZI Reject Ho Reject Ho
Republic DCZI=>DUS Accept Ho Accept Ho
DUS= DCZE Accept Ho Accept Ho
DCZE= DUS Accept Ho Accept Ho
DSLE = DSLI Accept Ho Accept Ho
DSLI=DSLE Accept Ho Accept Ho
DUS = DSLI Accept Ho Accept Ho
Slovakia DSLI=>DUS Accept Ho Accept Ho
DUS=DSLE Accept Ho Accept Ho
DSLE = DUS Accept Ho Accept Ho
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APPENDIX C

EUROPEAN EQUITY MARKETS IlI

TABLE 3.1: Descriptive Statistics

Stock Returns

Mean SD Skewness  Kurtosis JB
Hungary Total sample -5.94E-05 0.0029 0.52 19.65 22741
Pre Europe 0.000408 0.0152 0.08 7.16 1003

Post Europe 0.001222 0.0140 -0.34 4.47 63

Czech Republic  Total sample -1.18E-05 0.0062 0.82 7.55 1911

Pre Europe 0.000546 0.0129 -0.08 4.19 83

Post Europe 0.000897 0.0117 -0.51 8.84 837

Slovakia Total sample 6.99E-05 0.0104 0.38 13.05 8308
Pre Europe 0.000447 0.0145 -0.62 9.87 2826

Post Europe 0.001336 0.0114 -0.04 6.21 246

Poland Total sample 6.35E-04 0.0126 -0.18 5.20 407

Pre Europe 0.000455 0.0145 0.01 5.43 343

Post Europe 0.000996 0.0101 -0.71 5.96 257

Exchange Rates

Mean SD Skewness  Kurtosis JB

Hungary Total sample  -1.10E-04  0.0034 0.04 7.91 1971
Pre Europe  -5.03E-06  0.0040 2.29 25.50 30550

Post Europe  0.000172  0.0038 0.51 4.96 116
Czech Republic Total sample  4.65E-05  0.0040 1.83 20.40 25840
Pre Europe -5.79E-05 0.0036 0.05 8.30 1625

Post Europe -0.00023  0.0029 -0.09 3.43 5

Slovakia Total sample  7.08E-04  0.0137 -0.55 9.77 3843
Pre Europe  -4.79E-05 0.0030 0.62 21.90 20778

Post Europe  -8.18E-05  0.0026 0.19 9.88 1130

Poland Total sample  6.21E-04  0.0133 -0.09 5.88 681
Pre Europe 0.000112  0.0066 0.87 7.61 1407

Post Europe -0.00029  0.0050 0.28 3.56 15
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TABLE 3.2: Augmented Dickey Fuller Test Results

Variables Total Pre Post
Sample Europe Europe
Hungary E -44.1* -16.1* -18.4*
S -28.7* -26.5* -5.1*
Czech Republic E -31.6* -22.7* -24.5*
S -9.6* -36.2* -21.5*
Slovakia E -19.7* -24.2* -8.1*
S -13.6* -20.6* -8.2*
Poland E -42.5* -16.7* -23.3*
S -42.2* -36.1* -21.6*

1% critical values for the ADF test

TABLE 3.3: Likelihood Ratio Test for EGARCH Model Selection for Conditional VVariance Equations

Stock Returns Exchange Rates
Country Total Sample  Pre Europe  Post Europe  Total Sample  Pre Europe  Post Europe
Hungary 1.032 0.078 0.264 1.058 0.03 0.66
Czech Republic 0 45 0.006 2.358 0.046 5.392
Slovakia 6439.36* 5.378 2.248 5.88 0.118 0.59
Poland 0.138 5.016 1.268 0.486 1.082 0.006

2
Note: Ho: EGARCH (1,1), Hi: EGARCH(2,1) The 5% critical value for the LR test distributed as } ~ with 2 degrees of freedom is 5.99. * indicates rejection
of the null hypothesis at 5% significance.

TABLE 3.4: Diagnostics on Standardised Residuals: Residuals: Total Sample

Hungary Czech Republic Slovakia Poland
Stock return equation
Jarque-Bera 2678 311 2442 289
LB(20) 40.00 27.91 228.54 23.22
(0.005) (0.112) (0.000)) (0.278)
LB2(20) 6.83 21.35 18.86 18.66
(0.997) (0.377) (0.531) (0.544)
Exchange rate equation
Jarque-Bera 2320 61371 6912 78
LB(20) 13.63 14.52 24.66 17.59
(0.849) (0.803) (0.215) (0.615)
LB2(20) 10.24 111 11.54 12.41
(0.964) (1.000) (0.931) (0.901)

254



Interlinkages between Equity, Currency, Precious Metals and Oil Markets: an Emphasis on Emerging Markets

TABLE 3.5: Diagnostics on Standardised Residuals: Residuals: Pre Europe

Hungary Czech Republic Slovakia Poland
Stock return equation
Jarque-Bera 104 63 5019 78
LB(20) 20.54 30.33 21.89 19.56
(0.424) (0.065) (0.346) (0.486)
LB2(20) 24.83 16.46 10.62 16.93
(0.208) (0.688) (0.956) (0.658)
Exchange rate equation
Jarque-Bera 106756 2110 1572 1976
LB(20) 11.78 11.44 34.56 30.90
(0.924) (0.934) (0.023) (0.057)
LB2(20) 0.64 8.82 5.61 7.15
(1.000) (0.985) (0.999) (0.996)
TABLE 3.6: Diagnostics on Standardised Residuals: Residuals: Post Europe
Hungary Czech Republic Slovakia Poland
Stock return equation
Jarque-Bera 29 213 432 46
LB(20) 19.55 25.58 38.76 16.19
(0.487) (0.180) (0.007) (0.705)
LB2(20) 26.71 15.55 8.79 16.65
(0.144) (0.744) (0.985) (0.676)
Exchange rate equation
Jarque-Bera 91 2 1308 6
LB(20) 25.38 19.38 26.65 20.49
(0.187) (0.497) (0.145) (0.428)
LB2(20) 9.71 18.78 6.44 12.66
(0.973) (0.536) (0.998) (0.891)
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G-7 EQUITY MARKETS

APPENDIX D

Table 4.1 Descriptive Statistics Stock Returns

Mean SD Skewness Kurtosis JB
1996-1998
S&P/TSX Composite  0.000408 0.0092 -1.2067 11.7138 2568
CAC 40 0.000962 0.0133 -0.1264 5.6589 224
DAX 30 0.001027 0.0145 -0.3719 6.2860 357
MIB 30 5.24E-05 0.0127 -0.2050 6.1065 822
NIKKEI 225 -0.00048 0.0149 0.1413 5.7485 240
FTSE 100 0.000619 0.0101 -0.1328 4.8311 108
Dow Jones 0.00076 0.0109 -0.7291 9.0648 1222
1999-2001
S&P/TSX Composite  0.000228 0.0133 -0.4666 6.2841 352
CAC 40 0.000145 0.0143 -0.1723 3.7704 22
DAX 30 -3.31E-05 0.0158 -0.1669 4.2393 52
MIB 30 -0.0002 0.0147 -0.2199 5.3724 183
NIKKEI 225 -0.00032 0.0151 0.0152 4.9564 120
FTSE 100 -0.00016 0.0127 -0.3770 45325 86
Dow Jones 0.000116 0.0123 -0.3880 5.7630 258
2002-2006
S&P/TSX Composite  0.000425  0.008127 0.0097 5.6228 347
CAC 40 0.000152 0.0141 -0.0357 7.2778 958
DAX 30 0.000194 0.0161 -0.0582 6.7782 747
MIB 30 0.00021 0.0112 -0.1440 6.1939 538
NIKKEI 225 0.000391 0.0127 -0.2084 4.1589 79
FTSE 100 0.000153 0.0114 0.2547 11.4587 3504
Dow Jones 0.000172 0.0100 0.3669 6.9579 847
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Table 4.2 Descriptive Statistics Exchange Rates 1996-1998

Mean SD Skewness Kurtosis JB
CANADA
C3%/$ 0.000165 0.0029 -0.0828 7.1026 530
C3$/E 0.000253 0.0055 -0.0605 4.9201 116
C3/¥ 5.29E-05 0.0087 0.7794 7.3918 682
C$/CHF -6.22E-05 0.0071 0.6768 5.0271 187
C$/DM -3.34E-05 0.0061 0.4390 4.1136 63
FRANCE
FRANCS/$ 0.000173 0.0052 -0.2988 4.1836 55
FRANCS/E 0.000261 0.0053 -0.2789 4.0171 42
FRANCS/¥ 6.13E-05 0.0077 0.6667 6.7006 486
FRANCS/CHF -5.38E-05 0.0029 0.0289 4.6822 89
FRANCS/DM -2.50E-05 0.0011 -0.2162 6.0925 306
GERMANY
DM/$ 0.000198 0.0053 -0.2665 4.1385 50
DM/E 0.000286 0.0052 -0.2564 3.6515 22
DM/¥ 8.63E-05 0.0077 0.6796 6.7852 508
DM/CHF -2.88E-05 0.0029 0.0380 4.9698 122
ITALY
LIRA/$ 6.91E-05 0.0049 -0.1731 4.0160 36
LIRA/E 0.000157 0.0051 -0.2416 3.8240 29
LIRA/¥ -4.29E-05 0.0078 0.7519 6.8662 541
LIRA/CHF -0.00016 0.0039 0.3086 5.4278 197
LIRA/DM -0.00013 0.0027 0.1394 10.1224 1596
JAPAN
¥/$ 0.000112 0.0083 -1.0488 8.9635 1256
Y/E 0.0002 0.0087 -0.5002 5.9988 314
¥/CHF -0.00012 0.0078 -0.5877 5.9964 325
¥/DM -8.63E-05 0.0077 -0.6796 6.7852 508
UK
£/$ -8.76E-05 0.0047 0.1766 5.6793 229
£1¥ -0.0002 0.0087 0.5002 5.9988 314
£/CHF -0.00032 0.0060 0.2784 3.9091 36
£/DM -0.00029 0.0052 0.2564 3.6515 22
Us
$/E 8.76E-05 0.0046 -0.1765 5.6793 229
/¥ -0.00023 0.0062 0.45614 4.6274 109
$/CHF -0.00011 0.0082 1.0487 8.9635 1256
$/DM -0.0002 0.0052 0.2665 4.1385 50
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Table 4.3 Descriptive Statistics Exchange Rates 1999-2001

Mean SD Skewness Kurtosis JB
CANADA
Cs/€ 0.000604 0.0073 -0.2090 3.6311 17
C3$/$ 6.08E-05 0.0036 -0.1017 3.6845 15
C$/E -0.00013 0.0061 0.1749 3.7087 19
C3/¥ -0.00017 0.0079 0.0648 4.3551 56
C$/CHF -0.0002 0.0076 0.2368 3.7611 24
EURO
€/$ -0.00038 0.0066 0.2486 3.9753 38
€I -0.0002 0.0053 0.0808 4.0327 34
€Y 0.000169 0.0090 -0.0593 4.1008 38
€/CHF 0.000118 0.0024 0.6117 12.3531 2792
JAPAN
¥/€ -0.00017 0.0090 0.0593 4.,1008 38
¥/$ 0.00023 0.0071 -0.1587 4.8328 104
Y/E 4.37E-05 0.0081 0.0760 4.4216 62
¥/CHF -1.97E-05 0.0100 -0.0175 45574 73
UK
£I€ 0.000185 0.0051 0.0059 3.8378 21
£/$ 0.000193 0.0051 -0.0601 3.8565 22
£/¥ 3.82E-05 0.0100 2.0150 19.3181 8299
£/CHF -4.87E-05 0.0085 0.1817 3.9171 29
uUs
$/€ 0.000376 0.00664 -0.24884 3.9724 37
$/£ -0.00017  0.004915 0.150059 3.4898 10
/¥ -0.00021 0.007 0.157536 5.1265 145
$/CHF -0.00026  0.006686 0.273988 3.8228 31
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Table 4.4 Descriptive Statistics Exchange Rates 2002-2006

Mean SD Skewness Kurtosis JB
CANADA
Cs/€ -0.00042 0.0071 0.1276 3.0984 4
C3%/$ -0.00027 0.0051 0.0323 3.3647 7
C$/E -1.18E-05 0.0058 -0.0984 3.4803 14
C3/¥ -0.00018 0.0078 0.1178 3.5324 17
C$/CHF -1.49E-05 0.0083 -0.0631 3.5365 15
FRANCE
€/$ 0.000302 0.0058 -0.1429 3.4419 14
€I£ 5.99E-05 0.0038 0.0831 4.0029 54
€Y -0.00022 0.0055 0.3238 4.4597 133
€/CHF -6.50E-05 0.0021 0.3025 4.2286 98
GERMANY
€/3$ 0.000302 0.0058 -0.1429 3.4419 14
€/E 5.99E-05 0.0038 0.0831 4.0029 54
€Y -0.00022 0.0055 0.3238 4.4597 133
€/CHF -6.50E-05 0.0021 0.3025 4.2286 98
ITALY
€/$ 0.000302 0.0058 -0.1429 3.4419 14
€IE 5.99E-05 0.0038 0.0831 4.0029 54
€Y -0.00022 0.0055 0.3238 4.4597 133
€/CHF -6.50E-05 0.0021 0.3025 4.2286 98
JAPAN
¥/€ 0.000219 0.0055 -0.3238 4.4597 133
¥/$ -8.62E-05 0.0059 -0.2830 45441 136
Y/E 0.000167 0.0057 -0.5124 5.2745 314
¥/CHF 0.000164 0.0091 -0.2452 3.4915 24
UK
£l€ -0.00026 0.0054 0.1466 4.0860 62
£/$ -0.00026 0.0054 0.0839 4.0850 59
£/ -0.00021 0.0089 0.0092 4.2362 75
£/CHF -0.00018 0.0087 0.1027 3.3903 9
uUs
$/€ -0.0003 0.005794 0.141897 3.4401 14
$/£ 0.000244  0.005221 -0.12246 3.6344 24
/¥ 8.31E-05  0.005858 0.330416 4.5867 154
$/CHF 0.000236  0.006529 -0.03263 3.4612 11
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Table 4.5 Augmented Dickey-Fuller Test Results

1996-1998 1999-2001 2002-2006
Stock Returns
S&P/TSX Composite -6.36* -19.91* -34.10*
CAC 40 -9.05* -26.47* -9.79*
DAX 30 -6.55* -27.13* -8.53*
MIB 30 -16.68* -11.95* -13.64*
NIKKEI 225 -21.84* -28.30* -13.62*
FTSE 100 -7.02* -17.68* -11.89*
Dow Jones -27.14* -20.50* -8.48*
Exchange Rates
CANADA
C3%/$ -13.75* n/a n/a
C3/E -19.72* n/a n/a
C3/¥ -11.56* n/a n/a
C$/CHF -26.82* n/a n/a
C$/DM -27.00* n/a n/a
FRANCE
FRANCS/$ -27.26* n/a n/a
FRANCS/E -27.90* n/a n/a
FRANCS/¥ -25.11* n/a n/a
FRANCS/CHF -26.59* n/a n/a
FRANCS/DM -24.45% n/a n/a
GERMANY
DM/$ -10.57* n/a n/a
DM/E -10.79* n/a n/a
DM/¥ -26.54* n/a n/a
DM/CHF -11.04* n/a n/a
ITALY
Lira/$ -27.28* n/a n/a
Lira/E -15.45* n/a n/a
Lira/¥ -25.26* n/a n/a
Lira/CHF -20.34* n/a n/a
Lira/DM -29.39* n/a n/a
JAPAN
¥/€ n/a -26.54* -14.21*
¥/$ -7.00* -27.48* -35.81*
Y/E -11.43* -26.23* -12.42*
¥/CHF -25.69* -29.21* -21.28*
¥/DM -25.30* n/a n/a
UK
£/€ nla -25.74* -33.28*
£/$ -26.39* -26.18* -33.82*
£¥ -11.43* -16.55* -35.06*
£/CHF -27.29* -24.96* -34.11*
£/DM -15.17* n/a n/a
uUs
$/€ n/a -10.54* -6.72*
$IE -26.39* -13.30* -34.85*
/¥ -7.00* -28.26* -36.33*
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$/CHF -26.70* -26.86* -37.84*
$/DM -27.28* n/a n/a

Note: * Indicates significant at 1% level

Table 4.6 Augmented Dickey-Fuller Test Results: Post Euro

1999-2001 2002-2006
Exchange Rates
CANADA
C$/€ -25.26* -34.07*
C$/$ -12.53* -35.34*
C$/E£ -27.57* -33.82*
Ce/¥ -28.01* -28.90*
C$/CHF -27.30* -23.27*
FRANCE
€/% -10.57* -6.73*
€/ -10.79* -17.64*
€/¥ -26.54* -14.21*
€/CHF -11.04* -35.70*
€/% -10.57* -6.73*
GERMANY
£/$ -10.57* -6.73*
€/ -10.79* -17.64*
€/¥ -26.54* -14.21*
€/CHF -11.04* -35.70*
ITALY
€/% -10.57* -6.73*
€/ -10.79* -17.64*
€/¥ -26.54* -14.21*
€/CHF -11.04* -35.70*

Note: * Indicates significant at 1% level
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Table 4.7 Likelihood Ratio Test Results

Canada
1996-1998
Stock Returns
Exchange Rates
1999-2001
Stock Returns
Exchange Rates
2002-2006
Stock Returns
Exchange Rates
France
1996-1998
Stock Returns
Exchange Rates
1999-2001
Stock Returns
Exchange Rates
2002-2006
Stock Returns
Exchange Rates
Germany
1996-1998
Stock Returns
Exchange Rates
1999-2001
Stock Returns
Exchange Rates
2002-2006
Stock Returns
Exchange Rates
Italy
1996-1998
Stock Returns
Exchange Rates
1999-2001
Stock Returns
Exchange Rates
2002-2006
Stock Returns
Exchange Rates
Japan
1996-1998
Stock Returns
Exchange Rates
1999-2001
Stock Returns
Exchange Rates
2002-2006

Cs/$
0.256
0.48
Cs/€
12.084
0.057
Cs/€
0.402
0

FR/$
1.364
16.93
€/$
0.2022
2.28
€/$
7.706*
7.8488*

DM/$
1.386
16.602*
€/$
12.441*
1.738
€/$
5.852
4.205

LIRA/$
1.56
4.95

€/$
0.238
1.962
€%
1.42
38.155*

¥/$
0.056
0.284
¥/€
13.73*
3.66
¥/€

C$/E
0.336
0.044
Cs/$
11.238
1.258
Cs/$
0.246
0.656

FR/E
0.922
3.84
€/E
0.0728
0.492
€/E
7.256
0.056

DM/E
8.046*
2.99
€/E
12.02*
0.592
€/E
5.68
0.086

LIRA/E
212
0.13
€/E
0.507
0.414
€/E
1.158
0.14

¥/E
0.206
1.664
¥/$
13.746*
2.718
¥/$

Ce/¥
0.06
0.97
C$/E
9.998*
0.152
C$/E
0.612
7.38*

FR¥
1.142
1.912
€/¥
0.195
1.092
€/¥
6.908*
0.756

DM/¥
5.64
2.718
€/¥
14.864*
1.574
€/¥
15.92*
0.8

LIRAM¥
2.11
0.25
€/¥
1.192
3.092
€¥
1.432
1.058

¥/CHF
0.204
17.536*
¥/E
14.554*
1.118
¥/E

C$/CHF
0.398
0.781
Ce/¥

10.868*
0.794
Cs/¥
0.29
0.07

FR/CHF
1.458
3.594

€/CHF
0.488
0.022

€/CHF
2.734
0.0256

DM/CHF
6.142
6.158

€/CHF
11.568*
0.048
€/CHF
4.484
0.1006

LIRA/CHF
1.94
2.49

€/CHF
1.77
0.916
€/CHF
0.372
0.042

¥/DM
0.254
4.994
¥/CHF
12.384*
1.026
¥/CHF

C$/DM
0.18
18.317*
C$/CHF
10.11*
0.19
C$/CHF
0.210
0.016

FR/DM
0.084
14.84*

LIRA/DM
3.81
5.52
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Stock Returns
Exchange Rates
UK
1996-1998
Stock Returns
Exchange Rates
1999-2001
Stock Returns
Exchange Rates
2002-2006
Stock Returns
Exchange Rates
usS
1996-1998
Stock Returns
Exchange Rates
1999-2001
Stock Returns
Exchange Rates
2002-2006
Stock Returns
Exchange Rates

11.028*
2.266

£/$
1.28
1.76
£/€
0.061
0.453
£/€
1.376
33.848*

$/£
6.892*
3.608
$/€
0
1.132
$/€
5.202
43.93*

10.152*
2.142

E¥
1.94
3.35

£/$

2.591
0.01
£/$

1.12

5.076

$/¥
6.612*
0.006

$/£
0.088

0.401

$/£

4.946
43.012*

10.284*
4.073

£/CHF
1.27
5.47
£I¥
0.131
0.276
£¥
0.762
0.403

$/CHF
5.706
1.022
$/¥
0.102
1.932
$/¥
3.202
0.693

11.32*
3.78

£/DM
1.286
1.76
£/ICHF
0.01
0.002
£/CHF
0.292
23.294*

$/DM
6.934*
4.783
$/CHF
0.004
2.324
$/CHF
5.382
5.969

degrees of freedom is 5.99. Note: * Indicates significant at 1% level

Note: Ho: EGARCH (1,1), H;: EGARCH(2,1) The 5% critical value for the LR test distributed as ;(zwith 2
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Table 4.8 Diagnostic Test on EGARCH models

Canada
1996-1998 C%/$ Cor¥ C$/DM C$/CHF C$/E
Stock Returns
JB 389 757 395 429 324
LB(20) 50.584 53.727 54,751 53.283 53.897
(0.000) (0.000) (0.000) (0.000) (0.000)
L B2(20) 12.507 10.434 11.927 12.919 12.595
(0.898) (0.960) (0.919) (0.881) (0.894)
Exchange Rates
JB 46 187 74 245 67
LB(20) 19.539 24.336 18.246 12.319 28.708
(0.487) (0.228) (0.571) (0.905) (0.094)
L B2(20) 15.77 8.0373 36.107 12.992 13.47
(0.731) (0.992) (0.015) (0.878) (0.856)
Cross Products
LB(20) 17.635 29.27 18.606 14.511 16.194
(0.611) (0.083) (0.548) (0.804) (0.705)
LB2(20) 14.614 49.117 20.332 11.218 2.9102
(0.798) (0.000)* (0.437) (0.940) (1.000)
1999-2001 C%/$ Ce/¥ C$/CHF C$/t Cs/€
Stock Returns
JB 83 86 73 82 56
LB(20) 18.661 18.547 17.752 18.386 25.749
(0.544) (0.551) (0.604) (0.562) (0.174)
L B2(20) 6.9292 7.6807 7.5534 7.2135 7.6796
(0.997) (0.994) (0.991) (0.996) (0.994)
Exchange Rates
JB 18 18 21 16 17
LB(20) 22.689 14.777 31.638 26.505 32.342
(0304) (0.789) (0.047) (0.150) (0.040)
L B2(20) 44,719 12.831 15.091 17.999 25.543
(0.001)* (0.885) (0.771) (0.587) (0.181)
Cross Products
LB(20) 15.066 15.896 14.089 18.742 17.966
(0.773) (0.723) (0.826) (0.539) (0.590)
LB2(20) 4.1503 11.937 4.692 9.877 12.113
(1.000) (0.918) (1.000) (0.970) (0.912)
2002-2006 C%/$ Csr¥ C$/CHF C%/t Cs/€
Stock Returns
JB 22 25 28 23 28
LB(20) 15.884 14.465 13.859 14.316 12.92
(0.724) (0.806) (0.838) (0.814) (0.881)
LB2(20) 18.499 18.248 19.627 19.883 13.238
(0.555) (0.571) (0.481) (0.465) (0.867)
Exchange Rates
JB 9 20 7 7 3
LB(20) 16.257 49.509 77.078 20.578 14.005
(0.701) (0.000)* (0.000)* (0.422) (0.830)
LB2(20) 28.365 16.122 18.381 27.212 59.112
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(0.101) (0.709) (0.562) (0.129) (0.000)*
Cross Products
LB(20) 21.431 16.748 23.474 20.657 32.503
(0.372) (0.669) (0.266) (0.418) (0.038)
LB2(20) 12.337 11.382 6.741 15.677 28.945
(0.904) (0.936) (0.997) (0.736) (0.089)

*|B2(32):53.005(0.011); LB2(9):18.074(0.034); LB(41):64.861(0.010); LB2(9):16.766(0.053)

Table 4.18 Diagnostic Test on EGARCH models

France
1996-1998 FR/$ FRI/E FR/¥ FR/CHF FR/DM
Stock Returns
JB 11 4 7 10 7
LB(20) 23.11 23.531 19.37 21.582 22.482
(0.283) (0.263) (0.498) (0.364) (0.315)
L B2(20) 7.9367 7.8246 6.7154 7.6451 7.8243
(0.992) (0.993) (0.998) (0.994) (0.993)
Exchange Rates
JB 19 39 114 44 66
LB(20) 12.361 14.973 15.39 12.926 76.764
(0.903) (0.778) (0.754) (0.881) (0.000)*
L B2(20) 36.008 20.254 12.692 17.608 13.205
(0.015) (0.442) (0.890) (0.613) (0.868)
Cross Products
LB(20) 17.791 21.004 20.382 28.745 14.915
(0.601) (0.397) (0.434) (0.093) (0.781)
L B2(20) 23.717 30.86 10.219 22.426 46.381
(0.255) (0.057) (0.964) (0.18) (0.000)*
1999-2001 €/$ €IE €Y €/CHF
Stock Returns
JB 4 7 5 7
LB(20) 24.666 21.273 20.502 21.265
(0.215) (0.381) (0.427) (0.382)
LB2(20) 29.966 30.199 28.182 25.834
(0.070) (0.067) (0.105) (0.171)
Exchange Rates
JB 44 28 26 392
LB(20) 37.236 30.548 21.012 21.817
(0.011) (0.061) (0.396) (0.351)
L B2(20) 39.916 39.213 16.808 14.392
(0.005)*  (0.006)* (0.665) (0.810)
Cross Products
LB(20) 32.065 28.389 16.104 19.462
(0.043) (0.101) (0.710) (0.492)
L B2(20) 18.399 19.35 8.3721 4.3363
(0.561) (0.499) (0.989) (1.000)
2002-2006 €/$ €/E €Y €/CHF
Stock Returns
JB 13 17 13 6
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LB(20) 25.928 22.238 24.27 22.211
(0.168) (0.328) (0.231) (0.329)
22.69 20.096 17.824
LB(20) (0.304)  (0452)  (0.599)  (0.616)
Exchange Rates
JB 15
LB(20) 31.227 22.607 31.314 15.604
(0.052) (0.308) (0.051) (0.741)
LB?(20) 20.226 23.067 13.627 12.875
(0.444)  (0.286) (0.849) (0.883)
Cross Products
LB(20) 56.758 33.204 35.872 26.591
(0.000)*  (0.032) (0.016) (0.147)
LB2(20) 36.13 56.568 18.915 10.732
(0.015)  (0.000)* (0.527) (0.953)

*|B2(29):48.588(0.013);LB(24):42.949(0.010),LB2(22):39.664(0.012);LB(13):27.359(0.011),
LB2(20):20.027(0.067)

Table 4.9 Diagnostic Test on EGARCH models

Germany
1996-1998 DM/$ DM/E DM/¥ DM/CHF
Stock Returns
JB 14 10 16 15
LB(20) 20.324 18.855 19.441 17.805
(0.438) (0.531) (0.493) (0.600)
L B2(20) 17.356 14.312 14.403 10.094
(0.630) (0.814) (0.809) (0.966)
Exchange Rates
JB 45 32 122 78
LB(20) 15.335 15.316 18.458 9.9396
(0.757) (0.758) (0.557) (0.969)
L B2(20) 15.131 16.535 10.94 7.8623
(0.769) (0.683) (0.948) (0.993)
Cross Products
LB(20) 17.878 16.525 18.333 24.856
(0.595) (0.684) (0.565) (0.207)
LB2(20) 8.362 42.49 4.6912 32.65
(0.989) (0.000)* (1.000) (0.037)
1999-2001 €/3$ €IE €Y €/CHF
Stock Returns
JB 25 7 9 4
LB(20) 26.326 24.048 23.657 23.181
(0.155) (0.240) (0.258) (0.280)
LB2(20) 14,727 22.581 21.721 24.475
(0.792) (0.310) (0.356) (0.222)
Exchange Rates
JB 43 28 30 386
LB(20) 36.744 30.946 21.015 22.57
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(0.013) (0.056) (0.936) (0.310)
L B2(20) 35.205 35.908 16.443 16.11
(0.019) (0.016) (0.689) (0.710)

Cross Products
LB(20) 29.798 28.851 7.9922 12.198
(0.073) (0.091) (0.967) (0.909)
LB2(20) 46.009 44.686 59.215 4.1369
(0.001)*  (0.000)* (0.000) (1.000)
2002-2006 €/$ €/E €Y €/CHF

Stock Returns

JB 13 19 13 9

LB(20) 21.871 18.607 21.222 18.232
(0.348) (0.547) (0.384) (0.572)
L B2(20) 14.605 10.43 10.754 13.172
(0.799) (0.960) (0.952) (0.870)

Exchange Rates

JB 11 48 143 104

27.739 22.121 32.216 16.027
LB(20) (0.116)  (0.334)  (0.041)  (0.715)
L B2(20) 24,533 22.368 11.979 13.763
(0.220) (0.321) (0.917) (0.842)

Cross Products
LB(20) 50.826 35.423 28.179 29.039
(0.000)* (0.018) (0.105) (0.087)
LB2(20) 42.541 19.792 25.965 13.963
(0.002)* (0.471) (0.167) (0.832)

*|_B2(29)49.719(0.01); LB2(12)8.884(0.712); LB(29):48.757(0.012); LB(2.112(0.953);
LB(14):19.432(0.149); LB(14):6.907(0.938)

Table 4.10 Diagnostic Test on EGARCH models

Italy
1996-1998 LIRA/CHF LIRAX LIRA/DM LIRA/E LIRA/$
Stock Returns
JB 15 31 20 26 43
LB(20) 23.848 23.466 29.863 23.745 22.535
(0.249) (0.266) (0.0072) (0.254) (0.312)
L B2(20) 19.997 16.592 17.702 17.048 14.667
(0.458) (0.679) (0.607) (0.650) (0.795)
Exchange Rates
JB 46 137 106 21 38
LB(20) 11.204 15.531 31.792 19.333 13.682
(0.941) (0.745) (0.046) (0.500) (0.846)
LB2(20) 19.695 6.613 18.171 19.550 37.219
(0.477) (0.989) (0.576) (0.486) (0.011)
Cross Products
LB(20) 24.965 10.677 29.421 29.74 12.336
(0.203) (0.954) (0.080) (0.074) (0.904)
LB2(20) 8.8149 0.5807 8.7528 4.,9999 0.6451
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(0.985) (1.000) (0.986) (1.000) (1.000)
1999-2001 €/CHF €/¥ €IE £/$
Stock Returns
JB 6 9 6 5
27 23.386 23.145 23.009
LB(20) (0142)  (0270)  (0282)  (0.288)
LB2(20) 16.578 18.114 16.437 19.109
(0.680) (0.580) (0.689) (0.515)
Exchange Rates
JB 411 31 28 48
LB(20) 22.291 20.469 28.594 30.995
(0.325) (0.429) (0.096) (0.055)
LB2(20) 15.365 16.068 40.263 41.967
(0.755) (0.712) (0.005)* (0.003)*
Cross Products €/CHF €¥ €/E €/$
LB(20) 23.862 13.011 20.214 29.864
(0.248) (0.877) (0.445) (0.072)
LB2(20) 10.566 23.052 42.596 23.923
(0.957) (0.286) (0.000)* (0246)
2002-2006 €/CHF €/¥ €/E €/%
Stock Returns
JB 43 86 85 58
16.12 18.992 17.646 16.745
LB(20) (0.709) (0522  (0611)  (0.669)
LB?(20) 10.368 7.4098 9.1597 8.4719
(0.961) (0.995) (0.981) (0.988)
Exchange Rates
JB 93 136 51 11
LB(20) 17.629 31.613 21.434 28.688
(0.612) (0.048) (0.372) (0.094)
12.27 13.515 20.009 20.979
LB(20) (0.006)  (0.854)  (0.457)  (0.398)
Cross Products €/CHF €/¥ €I €/$
LB(20) 21.918 34.941 19.785 48.811
(0.345) (0.020) (0.471) (0.000)*
LB2(20) 16.934 15.265 11.048 40.239
(0.657) (0.761) (0.945) (0.000)*
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Table 4.11 Diagnostic Test on EGARCH models

Japan
1996-1998 ¥/$ ¥/E ¥/CHF ¥/DM
Stock Returns
JB 19 19 20 18
LB(20) 22.284 21.886 22.615 21.775
(0325) (0.347) (0.308) (0.353)
LB2(20) 21.559 21.049 19.74 20.219
(0.365) (0.394) (0.474) (0.444)
Exchange Rates
JB 326 90 62 123
LB(20) 19.902 16.514 24.144 16.816
(0.464) (0.684) (0.236) (0.665)
LB2(20) 7.9373 16.626 33.145 15.829
(0.992) (0.677) (0.033) (0.727)
Cross Products
33.631 26.711 25.479 31.28
LB(20) (0.029)  (0.144)  (0.184)  (0.052)
LB2(20) 21.444 36.965 56.363 60.027
(0.371) (0.012) (0.000)* (0.000)*
1999-2001 Y /€ ¥/$ ¥/E ¥/CHF
Stock Returns
JB 53 47 49 47
LB(20) 26.779 19.037 18.436 18.984
(0.142) (0.519) (0.559) (0.523)
L B2(20) 16.558 16.617 16.666 16.984
(0.681) (0.678) (0.675) (0.654)
Exchange Rates
JB 27 38 39 24
LB(20) 19.029 23.154 13.439 18.985
(0.520) (0.281) (0.858) (0.523)
L B2(20) 15.846 15.85 10.015 16.984
(0.726) (0.726) (0.968) (0.654)
Cross Products
LB(20) 29.685 15.131 25.552 27.177
(0.075) (0.769) (0.181) (0.130)
LB2(20) 8.7263 8.3058 13.934 25.255
(0.986) (0.990) (0.834) (0.192)
2002-2006 ¥/€ ¥/$ ¥/E ¥/CHF
Stock Returns
JB 49 56 58 59
LB(20) 18.175 9.7344 10.083 9.7879
(0.576) (0.973) (0.967) (0.972)
L B2(20) 11.799 9.5823 8.9081 9.1307
(0.923) (0.975) (0.984) (0.981)
Exchange Rates
JB 133 138 210 14
LB(20) 33.128 14.661 38.73 108.15
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LB2(20)
Cross Products
LB(20)

LB2(20)

(0.033)
14.095
(0.826)

22.665
(0.306)
6.4011
(0998)

(0.0795)
15.632
(0.739)

11.788
(0.923)
4.5495
(1.000)

(0.007)*
19.803
(0.470)

26.826
(0.140)
7.5342
(0.995)

(0.081)
21.138
(0.389)

23.449
(0.267)
8.6938
(0.986)

*B2(17):21.662(0.198); LB%(47):71.638(0.012); LB(19):35.643(0.012)

Table 4.12 Diagnostic Test on EGARCH models

UK
1996-1998 £/$ £I¥ £/CHF £/DM
Stock Returns
JB 10 8 6 7
LB(20) 47.888 47.738 44,158 45.919
(0.000)*  (0.000)* (0.001)* (0.000)*
L B2(20) 58.783 11.777 12.154 11.437
(0.01) (0.924) (0.911) (0.934)
Exchange Rates
JB 76 86 95 29
LB(20) 24.07 18.808 13.424 14.581
(0.239) (0.534) (0.858) (0.800)
L B2(20) 17.066 17.252 23.698 18.187
(0.649) (0.637) (0.256) (0.575)
Cross Products
LB(20) 26.58 26.051 25.491 34.752
(0.148) (0.164) (0.183) (0.021)
L B2(20) 10.934 15.851 16.253 8.8589
(0.948) (0.726) (0.701) (0.984)
1999-2001 £/€ £/$ £I¥ £/CHF
Stock Returns
JB 234 202 207 206
LB(20) 26.745 30.979 25.967 29.358
(0.143) (0.055) (0.167) (0.081)
LB2(20) 5.7629 6.2182 5.4999 6.4189
(0.999) (0.999) (0.999) (0.998)
Exchange Rates
JB 8 24 3223 22
24.57 23.766 29.275 16.863
LB(20) (0.218)  (0253)  (0.082)  (0.662)
L B2(20) 36.393 32.442 30.984 9.0466
(0.014) (0.039) (0.055) (0.982)
Cross Products
LB(20) 26.884 31.666 21.115 18.832
(0.139) (0.047) (0.390) (0.533)
LB2(20) 7.9564 15.329 4.0625 5.4335
(0.992) (0.757) (1.000) (0.999)
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2002-2006 £I€ £/$ £I¥ £/CHF
Stock Returns
JB 23 15 18 18
LB(20) 26.756 24.823 28.599 25.534
(0.142) (0.208) (0.096) (0.182)
L B2(20) 21.107 25.827 20.965 20.784
(0.391) (0.172) (0.399) (0.410)
Exchange Rates
JB 67 41 40 10
LB(20) 24.17 23.881 14.056 24.817
(0.235) (0.248) (0.826) (0.209)
L B2(20) 37.431 8.4694 8.8236 11.119
(0.010) (0.988) (0.985) (0.943)
Cross Products
LB(20) 15.163 21.101 26.346 17.58657
(0.767) (0.391) (0.155) (0.619)
14.253 21.698 36.9 9.869
LB2(20) (0.817)  (0357)  (0.012)  (0.994)

*LB(36):58.783(0.01); LB(35):54.471(0.01); LB(26):44.940(0.012);

LB(33):54.145(0.012)

Table 4.13 Diagnostic Test on EGARCH models

us
1996-1998 $/£ ¥ $/CHF $/DM
Stock Returns
JB 65 68 83 59
LB(20) 21.725 23.438 19.656 19.921
(0.356) (0.268) (0.480) (0.463)
LB2(20) 11.428 13.012 11.334 14.469
(0.934) (0.877) (0.937) (0.806)
Exchange Rates
JB 107 343 170 62
LB(20) 21.159 19.364 12.969 14.482
(0.388) (0.498) (0.879) (0.805)
LB2(20) 21.159 8.499 12.15 40.929
(0.780) (0.988) (0.911) (0.004)*
Cross Products
LB(20) 21.05 20.279 12.649 24.885
(0.394) (0.441) (0.892) (0.206)
LB2(20) 4.575 2.4032 9.0539 13.222
(1.000) (1.000) (0.982) (0.868)
1999-2001 $/€ $/E $/¥ $/CHF
Stock Returns
JB 76 81 96 71
LB(20) 19.532 19.67 20.675 21.004
(0.488) (0.479) (0.416) (0.397)
LB2(20) 11.639 14.04 15.032 12.9
(0.928) (0.828) (0.775) (0.882)
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Exchange Rates

JB 33 8 53 30
LB(20) 31.226 20.37 21.298 26.351
(0.052) (0.435) (0.380) (0.155)
LB2(20) 30.887 40.126 17.674 17.541
(0.057)  (0.005)* (0.609) (0.618)
Cross Products
LB(20) 31.403 35.834 31.644 51.048
(0.050) (0.016) (0.047) (0.123)
LB2(20) 21.925 17.642 70.464 27.469
(0.345) (0.611) (0.000)* (0.123)
2002-2006 $/€ $/E $I¥ $/ICHF
Stock Returns
JB 2 2 2 2
LB(20) 30.322 30.579 31.15 30.37
(0.065) (0.061) (0.053) (0.064)
LB2(20) 37.394 36.853 33.944 37.26
(0.01) (0.012) (0.027) (0.011)
Exchange Rates
JB 7 24 165 9
LB(20) 27.634 18.196 16.158 27.059
(0.118) (0.578) (0.707) (0.134)
LB2(20) 26.3 79.138 15.104 22.776
(0.156)  (0.000)* (0.770) (0.300)
Cross Products
LB(20) 13.342 27.081 28.998 9.7734
(0.862) (0.133) (0.088) (0.972)
LB2(20) 21.508 43.29 27.996 22.778
(0.368)  (0.000)* (0.110) (0.300)

*B2(6)5.044; LB(9):18.533(0.029); LB(4):7.545(0.01);
LB2(16):7.66(0.958);LB(5):6.097(0.297); LB(5):1.5454(0.908)
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APPENDIX E

ASIAN EQUITY MARKETS

Table 5.1 Descriptive Statistics

Stock Returns

Hong Kong

South Korea

Singapore

Taiwan

Thailand

Exchange Rates

Hong Kong

South Korea

Singapore

Taiwan

Thailand

Total sample
Crises
Post-crises
Total sample
Crises
Post-crises
Total sample
Crises
Post-crises
Total sample
Crises
Post-crises
Total sample
Crises

Post-crises

Total sample
Crises
Post-crises
Total sample
Crises
Post-crises
Total sample
Crises
Post-crises
Total sample
Crises
Post-crises
Total sample
Crises

Post-crises

Mean (x10%)
0.082
0.369
2.52
0.278
0.400
2.81
0.078
-1.10
4.27
-0.018
-0.800
0.002
0.099
-0.900

0.017

Mean (x10°)
0.002
0.009
0.002
0.044
0.800
-0.023
0.048
1.00
-0.126
0.067
-0.800
0.017
0.155
-0.300
0.237

SD
0.0169
0.0075
0.0135
0.0217
0.0050
0.0118
0.0140
0.0290
0.0194
0.0160
0.0316
0.0003
0.0071
0.0162

0.0040

SD
0.0004
0.0005
0.0003
0.0106
0.0251
0.0027
0.0039
0.0175
0.0039
0.0034
0.0230
0.0161
0.0082
0.0124
0.0023

Skewness
0.17
-0.88
-0.26
-0.13
1.88
-0.36
0.36
0.44
-0.39
-0.06
0.27
-3.06
-0.54
-0.09

0.13

Skewness
-3.16
-3.15
-3.06
0.01
-0.08
-0.22
-0.94
2.01
-0.06
1.15
0.85
-0.04
331
-0.40
-0.51

Kurtosis
14.63
8.09
6.47
6.15
15.99
7.69
13.95
9.10
6.08
5.59
4,19
229.43
419.26
4.58

17.74

Kurtosis
171.70
71.79
229.43
139.86
28.20
6.18
18.86
26.39
6.35
33.60
9.79
5.78
90.14
154.14

7.66

JB
14002
474
1008
1035
2988
1841
12467
620
825
698
28
4194538
17933710
4
17774

JB
2949788
77932
4194538
1938493
10371
844
26410
9197
920
97464
801
631
790400
373107
1859
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Hong Kong

South Korea

Singapore

Taiwan

Thailand

Variables

E

S
E
S

m

Total Sample

-14.4

-24.4

-9.4

-11.1

Crises
-10.9
-21.0

-16.6
-15.8

-10.7

Post crises
-12.0
-42.8
-15.2
-20.7
-13.3
-42.9
-19.2
-12.0
-11.9

-15.6

1% critical values

Table 5.3 Likelihood Ratio Test for EGARCH Model Selection for Conditional VVariance Equations

Stock Returns

Exchange Rates

Country Total Sample Crises Post Crises Total Sample Crises Post Crises
Hong Kong 12.6* 12.0* 17.3* 895.8* 7.4* 3.7
South Korea 0.4 19.8* 4.9 41.0* 0.6 0.7

Singapore 11 0.0 11 1.0 12.5*% 18.9*

Taiwan 8.0* 0.04 800.9* 84.2* 0.0 18.3*

Thailand 159.1* 0.0 9.7* 22.1* 21 17.6*

Note: Ho: EGARCH (1,1), Hi: EGARCH(2,1) The 5% critical value for the LR test distributed as } ~ with 2 degrees of freedom is 5.99. * indicates rejection

of the null hypothesis at 5% significance.

Table 5.4 Diagnostics on Standardised Residuals: Total Sample

Hong Kong South Korea Singapore Taiwan Thailand
Stock return equation
Jarque-Bera 198 504 1035 221 107533
LB(20) 36.43 21.29 40.546 23.535 134.4
(0.014) (0.380) (0.004)* (0.263) (0.000)*
LB?(20) 23.89 15.14 111 17.294 4.6008
(0.247) (0.768) (0.944) (0.634) (1.000)
Exchange rate equation
Jarque-Bera 940888 2457 1100 491680 24317
LB(20) 22.82 91.38 22.63 31.89 56.9
(0.297) (0.000) (0.307) (0.044) (0.000)**
LB?(20) 2.55 67.47 24.24 2.68 4.09
(1.000) (0.000) (0.232) (1.000) (1.000)

*LB(24)=42.780(0.010); ** LB(43)=67.64(0.01)
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Table 5.5 Diagnostics on Standardised Residuals: Crisis Period

Hong Kong South Korea Singapore Taiwan Thailand
Stock return equation
Jarque-Bera 165 4157 55 32 17
LB(20) 19.15 26.87 17.82 22,51 13.26
(0.512) (0.139) (0.599) (0.313) (0.866)
LB?(20) 19.514 1.63 19.75 11.17 9.99
(0.489) (1.000) (0.473) (0.942) (0.968)
Exchange rate equation
Jarque-Bera 1146 220 106 131 462742
LB(20) 10.81 36.96 22.89 34.22 16.39
(0.951) (0.012) (0.294) (0.025) (0.692)
LB2(20) 12.51 15.01 10.01 13.21 0.93
(0.897) (0.776) (0.968) (0.868) (1.000)
Table 5.6Diagnostics on Standardised Residuals: Post Crisis Period
Hong Kong South Korea Singapore Taiwan Thailand
Stock return equation
Jarque-Bera 161 917 547 1333647 11785
LB(20) 23.24 25.55 16.74 18.51 33.30
(0.277) (0.181) (0.670) (0.554) (0.031)
LB2(20) 21.28 9.79 15.46 0.65 4.67
(0.381) (0.972) (0.750) (1.000) (1.000)
Exchange rate equation
Jarque-Bera 1966851 653 335 137 153
LB(20) 19.16 23.16 55.15 27.18 23.40
(0.512) (0.281) (0.000)* (0.130) (0.270)
LB2(20) 1.48 10.19 25.84 17.18 15.70
(1.000) (0.965) (0.171) (0.641) (0.735)
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APPENDIX F

LATIN AMERICAN EQUITY MARKETS

Table 6.1 Descriptive Statistics Stock Return

Stock Indices * Mean SD Skewness Kurtosis JB
1998
Merval -0.001908 0.0288 -0.5002 6.4864 132
Bovespa -0.001854 0.0363 0.0441 7.2298 180
IGPA Gen -0.00122 0.0115 0.3701 4.8870 41
CSE Index n/a n/a n/a n/a n/a
IPC -0.001021 0.0222 0.6056 9.8558 487
IBC -0.002466 0.0336 1.1081 11.4543 767
IBEX 35 0.001075 0.0197 -0.3973 5.6594 77
1999-2001
Merval -0.000544 0.0256 0.4044 7.6183 663
Bovespa 0.000893 0.0249 1.9831 29.4984 21656
IGPA Gen 0.000556 0.0070 -0.0579 5.3085 161
CSE Index n/a n/a n/a n/a n/a
IPC 0.000592 0.0191 0.0137 43738 57
IBC 0.000456 0.0180 1.0025 10.4508 1798
IBEX 35 -0.000325 0.0151 -0.2076 41193 43
2002-2006
Merval 0.001501 0.0206 -0.1443 6.7135 699
Bovespa 0.000941 0.0174 -0.2239 3.7560 39
IGPA Gen 0.000684 0.0056 0.1899 6.6485 677
CSE Index 0.00191 0.0154 -0.0937 17.0443 10086
IPC 0.000995 0.0120 -0.0056 5.3720 283
IBC 0.001685 0.0148 1.8533 23.9751 22836
IBEX 35 0.000427 0.0122 0.0238 6.5292 638

*Stock Indices: Argentina (Merval), Brazil (Bovespa), Chile (IGPA Gen), Colombia (CSE Index), Mexico (IPC),
Venezuela (IBC), Spain (IBEX 35)
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Table 6.2 Descriptive Statistics Exchange Rates 1998

Mean SD Skewness Kurtosis JB
ARGENTINA
Argentine Peso/ Brazilian Real -0.000328 0.0005 0.0000 33.8355 9548
Argentine Peso/ Chilean Peso 0.000294 0.0042 1.5439 15.3122 1618
Argentine Peso/Colombian Peso -0.000677 0.0072 -1.5360 26.7642 5766
Argentine Peso/Mexican Peso -0.000884 0.0101 -0.5039 9.1249 387
Argentine Peso/Venezuelan Bolivar -0.000466 0.0024 1.5624 18.4654 2500
Argentine Peso/ Canadian Dollar -0.000328 0.0009 0.6970 12.1685 864
Argentine Peso/Japanese Yen 0.000105 0.0045 0.6266 4.3583 34
Argentine Peso/US Dollar -0.000343 0.0041 0.1940 5.4497 62
Argentine Peso/UK Pound 0.000638 0.0114 0.9528 6.2739 144
Argentine Peso/Peseta 0.000329 0.0057 0.2220 4.8028 35
BRAZIL
Brazilian Real/Argentine Peso 0.000328 0.0009 -0.6970 12.1685 864
Brazilian Real/Chilean Peso 0.000622 0.0042 1.5497 15.0520 1555
Brazilian Real/ Colombian Peso -0.000349 0.0072 -1.6579 26.8142 5805
Brazilian Real/Mexican Peso -0.000556 0.0101 -0.4634 9.0536 377
Brazilian Real/Venezuelan Bolivar -0.000138 0.0024 1.7292 18.9503 2675
Brazilian Real/Canadian Dollar -1.47E-05 0.0041 0.1516 5.4523 61
Brazilian Real/Japanese Yen 0.000966 0.0114 0.9202 6.0561 128
Brazilian Real/US Dollar 0.000328 0.0007 -1.0504 10.4432 601
Brazilian Real/UK Pound 0.000433 0.0046 0.7520 4.6478 50
Brazilian Real/Peseta 0.000657 0.0056 0.2423 4.8265 36
CHILE
Chilean Peso/Argentine Peso -0.000294 0.0042 -1.5439 15.3122 1618
Chilean Peso/Brazilian Real -0.000622 0.0042 -1.5497 15.0520 1555
Chilean Peso/Colombian Peso -0.000971 0.0079 -1.6220 19.1891 2737
Chilean Peso/Mexican Peso -0.001178 0.0116 -0.3534 7.0242 168
Chilean Peso/Venezuelan Bolivar -0.00076 0.0048 -1.1520 11.4184 765
Chilean Peso/Canadian Dollar -0.000636 0.0062 -0.5758 6.5358 139
Chilean Peso/Japanese Yen 0.000345 0.0123 0.7485 5.9719 111
Chilean Peso/US Dollar -0.000294 0.0041 -1.6074 16.2371 1863
Chilean Peso/UK Pound -0.000189 0.0059 -0.3412 8.4914 307
Chilean Peso/Peseta 3.57E-05 0.0071 -0.4180 4.8491 41
MEXICO
Mexican Peso/Argentine Peso 0.000884 0.0101 0.5039 9.1249 387
Mexican Peso/Brazilian Real 0.000556 0.0101 0.4634 9.0536 377
Mexican Peso/Chilean Peso 0.001178 0.0116 0.3534 7.0242 168
Mexican Peso/Colombian Peso 0.000207 0.0121 0.0680 7.1030 169
Mexican Peso/Venezuelan Bolivar 0.000418 0.0102 0.4539 8.6870 333
Mexican Peso/Canadian Dollar 0.000541 0.0102 0.1693 6.9462 158
Mexican Peso/Japanese Yen 0.001523 0.0145 0.4051 5.3927 64
Mexican Peso/US Dollar 0.000884 0.0101 0.5130 9.1372 389
Mexican Peso/UK Pound 0.000989 0.0107 0.6822 7.9181 262
Mexican Peso/Peseta 0.001214 0.0115 0.4749 6.9739 168
VENEZUELA
Venezuelan Bolivar/Argentine Peso 0.000466 0.0024 -1.5624 18.4654 2500
Venezuelan Bolivar/Brazilian Real 0.000138 0.0024 -1.7292 18.9503 2675
Venezuelan Bolivar/Chilean Peso 0.00076 0.0048 1.1520 11.4184 765
Venezuelan Bolivar/Colombian Peso -0.000211 0.0075 -1.3571 22.4022 3854
Venezuelan Bolivar/Mexican Peso -0.000418 0.0102 -0.4539 8.6870 333
Venezuelan Bolivar/Canadian Dollar 0.000123 0.0049 -0.1511 5.1371 47
Venezuelan Bolivar/Japanese Yen 0.001104 0.0114 0.9453 6.0416 129
Venezuelan Bolivar/US Dollar 0.000466 0.0023 -1.7686 20.3143 3136
Venezuelan Bolivar/UK Pound 0.00057 0.0051 0.7050 49109 57
Venezuelan Bolivar/Peseta 0.000795 0.0059 0.2692 5.0549 45
SPAIN
Peseta/Argentine Peso -0.000329 0.0057 -0.2220 4.8028 35
Peseta/Brazilian Real -0.000657 0.0056 -0.2423 4.8265 36
Peseta/Chilean Peso -3.57E-05 0.0071 0.4180 4.8491 41
Peseta/Colombian Peso 0.004149 0.0644 15.4274 239.0042 568860
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Peseta/Mexican Peso
Peseta/Venezuelan Bolivar
Peseta/Canadian Dollar
Peseta/Japanese Yen
Peseta/US Dollar
Peseta/UK Pound

-0.001214
0.000795
-0.000672
0.000309
-0.000329
-0.000225

0.0115
0.0059
0.0065
0.0112
0.0056
0.0073

-0.4749
0.2692
-0.3084
0.7238
-0.2282
0.2812

6.9739
5.0549
3.7826
4.9367
4.9138
4.9902

168
45
10
59
39
43
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Table 6.3 Descriptive Statistics Exchange Rates 1999-2001

Mean SD Skewness Kurtosis JB
ARGENTINA
Argentine Peso/ Brazilian Real -0.000905 0.0123 -1.4371 21.0500 10078
Argentine Peso/ Chilean Peso 0.000467 0.0058 0.2467 24.2531 13633
Argentine Peso/Colombian Peso -0.000554 0.0054 -0.1694 14.6112 4071
Argentine Peso/Mexican Peso 8.55E-05 0.0061 0.3505 14.6138 4084
Argentine Peso/Venezuelan Bolivar -0.000428 0.0018 -0.2182 13.9139 3599
Argentine Peso/ Canadian Dollar -6.93E-05 0.0038 0.1280 4.3961 61
Argentine Peso/Japanese Yen -0.000234 0.0072 0.0128 5.4393 180
Argentine Peso/US Dollar -3.46E-06 0.0014 0.7550 29.1979 20773
Argentine Peso/UK Pound -0.000185 0.0052 0.1951 3.6097 16
Argentine Peso/Euro 0.000394 0.0069 -0.1041 4.3974 60
BRAZIL
Brazilian Real/Argentine Peso 0.000905 0.0123 1.4371 21.0500 10078
Brazilian Real/Chilean Peso 0.001372 0.0145 1.1541 13.6133 3559
Brazilian Real/ Colombian Peso 0.000351 0.0131 1.3230 16.5796 5774
Brazilian Real/Mexican Peso 0.00099 0.0132 1.8838 28.2685 19690
Brazilian Real/Venezuelan Bolivar 0.000476 0.0122 1.3597 20.7954 9776
Brazilian Real/Canadian Dollar 0.000835 0.0124 1.1972 18.8928 7792
Brazilian Real/Japanese Yen 0.000671 0.0139 0.9655 9.8435 1525
Brazilian Real/US Dollar 0.000901 0.0122 1.4672 21.3356 10402
Brazilian Real/UK Pound 0.00072 0.0129 1.1223 17.5260 6517
Brazilian Real/Euro 0.001298 0.0136 1.0523 15.3162 4710
CHILE
Chilean Peso/Argentine Peso -0.000467 0.0058 -0.2467 24.2531 13633
Chilean Peso/Brazilian Real -0.001372 0.0145 -1.1541 13.6133 3559
Chilean Peso/Colombian Peso -0.001021 0.0076 -0.1044 9.4687 1264
Chilean Peso/Mexican Peso -0.000381 0.0089 0.0964 9.8755 1427
Chilean Peso/Venezuelan Bolivar -0.000895 0.0057 -0.2583 25.9726 15928
Chilean Peso/Canadian Dollar -0.000536 0.0068 -0.0947 14.1952 3782
Chilean Peso/Japanese Yen -0.000701 0.0088 0.0511 8.9223 1058
Chilean Peso/US Dollar -0.00047 0.0057 -0.2113 26.5957 16801
Chilean Peso/UK Pound -0.000652 0.0077 -0.2554 9.3477 1223
Chilean Peso/Euro -7.34E-05 0.0090 0.0474 7.9821 749
MEXICO
Mexican Peso/Argentine Peso -8.55E-05 0.0061 -0.3505 14.6138 4084
Mexican Peso/Brazilian Real -0.00099 0.0132 -1.8838 28.2685 19690
Mexican Peso/Chilean Peso 0.000381 0.0089 -0.0964 9.8755 1427
Mexican Peso/Colombian Peso -0.000639 0.0078 -0.1485 11.2994 2081
Mexican Peso/Venezuelan Bolivar -0.000514 0.0060 -0.4625 15.0934 4438
Mexican Peso/Canadian Dollar -0.000155 0.0067 -0.4309 11.9419 2434
Mexican Peso/Japanese Yen -0.000319 0.0095 0.1727 6.3591 344
Mexican Peso/US Dollar -8.90E-05 0.0059 -0.3496 15.9708 5090
Mexican Peso/UK Pound -0.00027 0.0079 0.1680 8.5175 922
Mexican Peso/Euro 0.000308 0.0085 -0.0456 6.0155 275
VENEZUELA
Venezuelan Bolivar/Argentine Peso 0.000428 0.0018 0.2193 13.9312 3615
Venezuelan Bolivar/Brazilian Real -0.000476 0.0122 -1.3606 20.8241 9821
Venezuelan Bolivar/Chilean Peso 0.000885 0.0057 0.2599 25.8924 15839
Venezuelan Bolivar/Colombian Peso -0.000127 0.0053 -0.1575 14.8603 4252
Venezuelan Bolivar/Mexican Peso 0.00052 0.0060 0.4599 15.0926 4443
Venezuelan Bolivar/Canadian Dollar 0.000364 0.0037 0.1223 3.7968 21
Venezuelan Bolivar/Japanese Yen 0.000207 0.0072 0.1167 5.4070 177
Venezuelan Bolivar/US Dollar 0.000424 0.0012 1.6488 19.9372 8994
Venezuelan Bolivar/UK Pound 0.000244 0.0052 0.1725 3.6602 17
Venezuelan Bolivar/Euro 0.000827 0.0069 -0.0864 43778 58
SPAIN
Euro/Argentine Peso -0.000377 0.0069 0.2617 4.0012 39
Euro/Brazilian Real 0.001272 0.0135 0.9139 15.0087 4500
Euro/Chilean Peso 8.48E-05 0.0090 -0.0289 7.9631 751
Euro/Colombian Peso 0.000927 0.0081 -0.0667 4.0318 33
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Euro/Mexican Peso
Euro/Venezuelan Bolivar
Euro/Canadian Dollar
Euro/Japanese Yen
Euro/US Dollar
Euro/UK Pound

0.000289
0.000803
-0.000564
-0.00018
-0.000381
-0.000195

0.0084
0.0068
0.0073
0.0092
0.0067
0.0055

-0.2082
-0.2622
0.1958
0.1095
0.2696
0.2431

5.3358
3.9114
3.5974
3.9446
3.9996
4.3547

172
34
16
29
39
63
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Table 6.4 Descriptive Statistics Exchange Rates 2002-2006

Mean SD Skewness Kurtosis JB
ARGENTINA
Argentine Peso/ Brazilian Real 0.000987 0.0213 4.6529 72.4489 247328
Argentine Peso/ Chilean Peso 0.000772 0.0210 5.1964 85.9022 351657
Argentine Peso/Colombian Peso 0.00095 0.0199 6.0769 102.7253 508427
Argentine Peso/Mexican Peso 0.000788 0.0199 6.4689 112.5684 613196
Argentine Peso/Venezuelan Bolivar 6.83E-05 0.0257 1.9244 77.2046 278127
Argentine Peso/ Canadian Dollar 0.00119 0.0197 6.1411 108.5820 569157
Argentine Peso/Japanese Yen 0.001013 0.0200 5.9707 102.0545 501453
Argentine Peso/US Dollar 0.000929 0.0192 6.7500 119.6719 694902
Argentine Peso/UK Pound 0.001182 0.0200 6.0744 104.6116 527552
Argentine Peso/Euro 0.000612 0.0202 6.0246 100.6488 487654
BRAZIL
Brazilian Real/Argentine Peso -0.00099 0.0213 -4.6507 72.3902 246710
Brazilian Real/Chilean Peso -0.000215 0.0142 -0.0871 8.2087 1367
Brazilian Real/ Colombian Peso -3.75E-05 0.0112 -0.2730 11.2622 3451
Brazilian Real/Mexican Peso -0.000205 0.0100 -0.5446 12.4380 4543
Brazilian Real/Venezuelan Bolivar -0.000919 0.0180 -2.3150 53.0405 127116
Brazilian Real/Canadian Dollar 0.000207 0.0108 -0.1894 10.7560 3035
Brazilian Real/Japanese Yen 2.66E-05 0.0111 -0.1241 9.8137 2340
Brazilian Real/US Dollar -5.80E-05 0.0100 -0.2266 13.1965 5243
Brazilian Real/UK Pound 0.000193 0.0114 -0.3045 10.0937 2551
Brazilian Real/Euro -0.000373 0.0119 0.0112 9.1990 1934
CHILE
Chilean Peso/Argentine Peso -0.000775 0.0210 -5.1940 85.8325 350780
Chilean Peso/Brazilian Real 0.000215 0.0142 0.0871 8.2087 1367
Chilean Peso/Colombian Peso 0.000178 0.0093 0.0197 16.2251 8804
Chilean Peso/Mexican Peso 1.07E-05 0.0103 0.1827 10.6550 2956
Chilean Peso/Venezuelan Bolivar -0.000704 0.0170 -2.2505 51.0485 117222
Chilean Peso/Canadian Dollar 0.000422 0.0101 0.0674 13.2870 5327
Chilean Peso/Japanese Yen 0.000242 0.0104 0.2676 11.2501 3440
Chilean Peso/US Dollar 0.000157 0.0079 0.2223 26.6252 28103
Chilean Peso/UK Pound 0.000408 0.0096 0.2084 15.3793 7722
Chilean Peso/Euro -0.000157 0.0092 -0.2989 15.6126 8025
COLOMBIA
Colombian Peso/Argentine Peso -0.00094 0.0196 -6.2056 107.1390 562322
Colombian Peso/Brazilian Real 4.23E-05 0.0110 0.3395 11.2263 3483
Colombian Peso/Chilean Peso -0.000198 0.0092 -0.0197 16.4927 9307
Colombian Peso/Mexican Peso -0.000159 0.0069 -0.1713 6.2428 544
Colombian Peso/Venezuelan Bolivar -0.000863 0.0152 -2.6055 75.4045 269407
Colombian Peso/Canadian Dollar 0.000236 0.0070 -0.0659 5.0084 207
Colombian Peso/Japanese Yen 6.36E-05 0.0074 0.2770 5.4154 314
Colombian Peso/US Dollar -2.45E-05 0.0047 0.2456 9.6286 2259
Colombian Peso/UK Pound 0.00022 0.0068 -0.0464 4.9462 194
Colombian Peso/Euro -0.000334 0.0075 0.2021 4.2070 83
MEXICO
Mexican Peso/Argentine Peso -0.000786 0.0199 -6.4668 112.4829 611741
Mexican Peso/Brazilian Real 0.000205 0.0100 0.5446 12.4380 4543
Mexican Peso/Chilean Peso -1.07E-05 0.0103 -0.1827 10.6550 2956
Mexican Peso/Colombian Peso 0.000167 0.0070 0.1786 6.1810 516
Mexican Peso/Venezuelan Bolivar -0.000715 0.0157 -3.0165 72.9130 247853
Mexican Peso/Canadian Dollar 0.000411 0.0069 0.2689 4.0989 75
Mexican Peso/Japanese Yen 0.000231 0.0077 0.4271 3.9566 83
Mexican Peso/US Dollar 0.000147 0.0050 0.4525 4.4619 149
Mexican Peso/UK Pound 0.000398 0.0074 0.2392 4.2128 86
Mexican Peso/Euro -0.000168 0.0078 0.3201 4.0244 73
VENEZUELA
Venezuelan Bolivar/Argentine Peso -7.08E-05 0.0257 -1.9234 77.1418 277428
Venezuelan Bolivar/Brazilian Real 0.000919 0.0180 2.3150 53.0405 127116
Venezuelan Bolivar/Chilean Peso 0.000704 0.0170 2.2505 51.0485 117222
Venezuelan Bolivar/Colombian Peso 0.000882 0.0157 2.8485 71.0965 235036
Venezuelan Bolivar/Mexican Peso 0.000715 0.0157 3.0165 72.9130 247853
Venezuelan Bolivar/Canadian Dollar 0.001126 0.0159 2.8513 70.1792 228793
Venezuelan Bolivar/Japanese Yen 0.000946 0.0164 2.6340 62.8997 181992
Venezuelan Bolivar/US Dollar 0.000861 0.0152 3.4346 86.2320 351062
Venezuelan Bolivar/UK Pound 0.001112 0.0162 3.0231 71.4827 237897
Venezuelan Bolivar/Euro 0.001112 0.0162 3.0231 71.4827 237897

SPAIN
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Euro/Argentine Peso -0.00061
Euro/Brazilian Real -0.000368
Euro/Chilean Peso 0.000145
Euro/Colombian Peso -0.000334
Euro/Mexican Peso -0.000162
Euro/Venezuelan Bolivar 0.00054

Euro/Canadian Dollar 0.000401
Euro/Japanese Yen 0.000257
Euro/US Dollar 0.000306
Euro/UK Pound 8.27E-05

0.0199
0.0118
0.0090
0.0074
0.0078
0.0158
0.0070
0.0056
0.0059
0.0039

-6.1700
-0.1001
0.2107
0.2169
0.2522
2.7721
-0.1329
-0.3498
-0.1031
0.1308

104.6999
9.1826
15.5108
3.9727
4.1485
72.0483
3.1036
4.4584
3.4633
4.1549

537439
1959
8024

58
81
245718
4
126
13
68

Table 6.5 Augmented Dickey-Fuller Test Results

1998 1999-2001 2002-2006
Stock Returns
Merval -14.60* -24.70* -10.66*
Bovespa -16.05* -20.20* -25.14*
IGPA Gen -3.46* -18.64* -8.47*
CSE Index nla n/a -8.03*
IPC -14.86* -22.83* -32.55*
IBC -11.00* -22.91* -20.54*
IBEX 35 -14.25* -26.71* -8.47*
Exchange Rates
ARGENTINA
Argentine Peso/ Brazilian Real -7.01* -9.52* -7.23*
Argentine Peso/ Chilean Peso -14.40* -10.50* -8.45*
Argentine Peso/Colombian Peso -12.53* -26.64* -7.84*
Argentine Peso/Mexican Peso -18.03* -20.76* -7.97*
Argentine Peso/Venezuelan Bolivar -8.55* -19.52* -9.11*
Argentine Peso/ Canadian Dollar -14.05* -12.48* -8.18*
Argentine Peso/Japanese Yen -11.68* -16.89* -7.78*
Argentine Peso/US Dollar -15.32* -8.89* -8.19*
Argentine Peso/UK Pound -13.55* -27.69* -1.77*
Argentine Peso/Peseta -15.51* n/a n/a
Argentine Peso/Euro n/a -26.97* -6.49*
BRAZIL
Brazilian Real/Argentine Peso -14.05* -9.52* -7.23*
Brazilian Real/Chilean Peso -14.14* -8.25* -19.32*
Brazilian Real/ Colombian Peso -12.53* -9.22* -8.51*
Brazilian Real/Mexican Peso -18.03* -8.90* -14.29*
Brazilian Real/Venezuelan Bolivar -8.43* -9.28* -11.22*
Brazilian Real/Canadian Dollar -14.99* -9.45% -8.00*
Brazilian Real/Japanese Yen -13.49* -24.53* -19.06*
Brazilian Real/US Dollar -12.76* -9.51* -7.53*
Brazilian Real/UK Pound -11.84* -16.07* -16.07*
Brazilian Real/Peseta -15.49* n/a n/a
Brazilian Real/Euro n/a -21.81* -24.81*
CHILE
Chilean Peso/Argentine Peso -14.40* -10.50* -8.44*
Chilean Peso/Brazilian Real -14.14* -8.25* -19.32*
Chilean Peso/Colombian Peso -12.17* -25.78* -11.54*
Chilean Peso/Mexican Peso -16.17* -20.44* -27.21*
Chilean Peso/Venezuelan Bolivar -9.21* -10.76* -7.90*
Chilean Peso/Canadian Dollar -15.39* -10.57* -28.51*
Chilean Peso/Japanese Yen -13.26* -30.10* -28.14*
Chilean Peso/US Dollar -14.09* -10.61* -30.01*
Chilean Peso/UK Pound -11.55* -28.69* -26.82*
Chilean Peso/Peseta -15.43* n/a n/a
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Chilean Peso/Euro n/a -15.09* -27.76*

Table 6.6 Augmented Dickey-Fuller Test Results

1998 1999-2001 2002-2006
COLOMBIA
Colombian Peso/Argentine Peso n/a n/a -8.72*
Colombian Peso/Brazilian Real n/a n/a -8.76*
Colombian Peso/Chilean Peso n/a n/a -11.74*
Colombian Peso/Mexican Peso n/a n/a -19.57*
Colombian Peso/Venezuelan Bolivar n/a n/a -11.47*
Colombian Peso/Canadian Dollar n/a n/a -8.28*
Colombian Peso/Japanese Yen n/a n/a -34.63*
Colombian Peso/US Dollar n/a n/a -24.13*
Colombian Peso/UK Pound n/a n/a -31.74*
Colombian Peso/Euro n/a n/a -34.11*
MEXICO
Mexican Peso/Argentine Peso -18.03* -26.63* -7.97*
Mexican Peso/Brazilian Real -18.03* -23.16* -32.54*
Mexican Peso/Chilean Peso -16.17* -26.10* -37.32*
Mexican Peso/Colombian Peso -13.01* -27.15* -34.83*
Mexican Peso/Venezuelan Bolivar -18.29* -25.96* -13.41*
Mexican Peso/Canadian Dollar -7.22* -21.04* -36.02*
Mexican Peso/Japanese Yen -16.12* -25.82* -35.62*
Mexican Peso/US Dollar -17.96* -25.87* -36.82*
Mexican Peso/UK Pound -17.36* -25.64* -36.56*
Mexican Peso/Peseta -6.50* -27.03* -36.76*
Mexican Peso/Euro
VENEZUELA
Venezuelan Bolivar/Argentine Peso -8.55* -19.48* -9.10*
Venezuelan Bolivar/Brazilian Real -8.43* -9.09* -11.22*
Venezuelan Bolivar/Chilean Peso -9.21* -10.11* -7.90*
Venezuelan Bolivar/Colombian Peso -12.09* -4,95* -13.42*
Venezuelan Bolivar/Mexican Peso -18.29* -20.95* -10.08*
Venezuelan Bolivar/Canadian Dollar -14.64* -20.20* -10.02*
Venezuelan Bolivar/Japanese Yen -13.88* -27.60* -12.69*
Venezuelan Bolivar/US Dollar -8.25* -6.42* -10.06*
Venezuelan Bolivar/UK Pound -13.91* -26.48* -9.97*
Venezuelan Bolivar/Peseta -15.59* n/a n/a
Venezuelan Bolivar/Euro n/a -25.98* -9.22*
SPAIN
Peseta/Argentine Peso -15.51* n/a n/a
Peseta/Brazilian Real -15.49* n/a n/a
Peseta/Chilean Peso -15.43* n/a n/a
Peseta/Colombian Peso -15.49* n/a n/a
Peseta/Mexican Peso -17.86* n/a n/a
Peseta/VVenezuelan Bolivar -15.59* n/a n/a
Peseta/Canadian Dollar -15.01* n/a n/a
Peseta/Japanese Yen -15.01* n/a n/a
Peseta/US Dollar -15.44* n/a n/a
Peseta/UK Pound -13.35* n/a n/a
Euro/Argentine Peso n/a -26.10* -8.80*
Euro/Brazilian Real n/a -22.16* -25.18*
Euro/Chilean Peso n/a -28.14* -28.13*
Euro/Colombian Peso n/a -24.82* -23.50*
Euro/Mexican Peso n/a -26.02* -37.32*
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Euro/Venezuelan Bolivar n/a -25.32* -9.74*
Euro/Canadian Dollar n/a -25.42* -34.07*
Euro/Japanese Yen n/a -26.57* -33.57*
Euro/US Dollar n/a -25.63* -36.70*
Euro/UK Pound n/a -20.67* -33.82*

Note: * Indicates significant at 1% level

284



Interlinkages between Equity, Currency, Precious Metals and Oil Markets: an Emphasis on Emerging Markets

Table 6.7 Likelihood Ratio Test Results

ARGENTINA
1998 A.Peso/B.Real A.Peso/Ch.Peso  A.Peso/Co.Peso  A.Peso/M.Peso  A.Peso/Bolivar  A,Peso/C$ A.Peso/¥ A.Peso/$  A.Peso/f A.Peso/Pta A.Peso/€
Stock Returns 0.067 0.08 0.153 0.443 0.204 0.084 0.027 0.06 0.038 0.07 n/a
Exchange Rates 12.38 15.91 1.148 3.18 3.85 3.33 0.076 0.226 0.112 0.79 n/a
1999-2001
Stock Returns 29.58 4.05 2.56 4,038 3.33 3.21 2.96 2.99 3.44 n/a 3.17
Exchange Rates 1.014 3.51 6.82 0.32 3.75 2.72 0.618 5.024 33.71 n/a 2.701
2002-2006
Stock Returns 6.91 0.936 4.89 7.894 1.264 5.518 4.87 5.91 4,61 n/a 3.87
Exchange Rates 10.03 40.92 8.93 276.69 8.14 746.76 3.13 38.38 6.75 nla 554.5
BRAZIL Real/A.Peso Real/Ch.Peso Real/Co.Peso Real/M.Peso Real/Bolivar Real/C$ Real/¥ Real/$ Real/E Real/Pta Real/€
1998
Stock Returns 3.80 6.08 4.39 4.63 4.45 4.27 4.24 3.66 455 4.02 n/a
Exchange Rates 3.88 20.74 0.66 5.20 2.61 0.47 0.79 0.62 0.13 3.88 n/a
1999-2001
Stock Returns 8.85 6.21 9.62 3.17 8.18 7.78 7.58 8.79 8.48 n/a 6.88
Exchange Rates 0.57 1.63 5.32 10.39 0.60 0.43 0.06 0.50 1.27 n/a 0.90
2002-2006
Stock Returns 7.72 4.49 10.90 7.2 8.72 6.14 8.74 4.75 8.76 n/a 4,93
Exchange Rates 4,96 0.99 0.62 0.004 230.47 0.446 0.27 0.04 3.36 n/a 0.18
CHILE Ch.Peso/A.Peso  Ch.Peso/Real Ch.Peso/Co.Peso  ChPeso/M.Peso  ChPeso/Bolivar Ch Peso/C$ Ch Peso/¥  ChPeso/$ ChPeso/E  ChPeso/Pta  Ch.Peso/€
1998
Stock Returns 6.81 6.77 9.07 2.97 6.01 5.28 8.24 3.38 7.32 7.38 n/a
Exchange Rates 14.19 15.36 10.89 8.29 1.64 1.87 0.008 12.83 1.94 7.16 n/a
1999-2001
Stock Returns 21.44 20.47 4.25 27.97 22.06 20.84 22.30 21.71 21.42 n/a 3.728
Exchange Rates 2.67 0.002 0.99 0.266 3.65 3.004 32.722 6.012 2.59 n/a 0.6
2002-2006
Stock Returns 0.47 0.002 0.166 0.068 0.442 0.122 0.232 0.128 0.064 n/a 0.122
Exchange Rates 51.42 0.198 8.36 5.57 4.10 19.32 4343 9.94 11.25 n/a 0.068

*Note: Ho: EGARCH (1,1), H;: EGARCH(2,1) The 5% critical value for the LR test distributed as with 2 degrees of freedom is 5.99.
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MEXICO M.Peso/A.Peso  M.Peso./Real M.Peso/Ch.Peso  M.Peso/Co.Peso  M.Peso/Bolivar M.Peso/C$  M.Peso/¥  M.Peso/$ M.Peso/E  M.Peso/Pta  M.Peso/€
1998
Stock Returns 50.76 50.11 57.04 43.12 50.06 53.75 43.02 50.129 1.150 27.54 n/a
Exchange Rates 3.37 6.60 57.04 1.245 1.25 151 0.015 4.31 7.62 4.16 n/a
1999-2001
Stock Returns 0.48 1.402 0.69 1.40 0.83 0.62 0.98 0.69 1.00 n/a 0.64
Exchange Rates 0.30 9.42 1.88 0.57 6.49 11.89 1.06 4.94 0.004 n/a 12.24
2002-2006
Stock Returns 3.46 4.66 2.83 4.24 3.24 3.31 3.29 3.11 3.90 n/a 3.55
Exchange Rates 19.87 0.05 0.04 3.40 141.93 3.44 1.35 0.006 0.03 n/a 0.15
VENEZUELA Bolivar/A.Peso  Bolivar/Real Bolivar/Ch.Peso  Bolivar/Co.Peso  Bolivar/M.Peso Bolivar/C$ Bolivar/¥ Bolivar/$ Bolivar/£ Bolivar/Pta  Bolivar/€
1998
Stock Returns 0.06 0.21 1.66 151 24.18 0.03 1.08 0.01 4.15 25 n/a
Exchange Rates 1.7 1.35 1.61 39.82 0.54 16.21 0.01 10.96 5.92 3.22 n/a
1999-2001
Stock Returns 0.81 0.97 0.63 0.65 0.81 0.734 0.23 0.33 0.85 n/a 0.83
Exchange Rates 2.33 0.41 6.87 11.27 16.33 15.73 0.33 32.08 1.09 n/a 0.88
2002-2006
Stock Returns 1.82 0.81 4.13 1.71 0.59 3.51 2.65 2.42 2.29 n/a 2.92
Exchange Rates 17734 252.18 3.472 253.416 111.06 214.80 10.70 237.33 75.53 n/a 567.12
SPAIN Pta/A.Peso Pta/Real Pta/Ch.Peso Pta/Co.Peso Pta/M.Peso Pta/Bolivar Pta/C$ Pta/¥ Pta/$ Pta/t
1998
Stock Returns 0.94 0.73 0.35 79.53 2.37 0.66 0.76 0.03 0.92 0.49
Exchange Rates 2.26 2.19 3.17 28.51 4.48 5.54 0.65 0.10 1.81 540.00
1999-2001 €/A.Peso €/Real €/Ch.Peso €/Co.Peso €/M.Peso €/Bolivar €/C$ £¥ €/$ €/£
Stock Returns 1.58 3.55 2.63 2.69 243 1.44 1.72 2.26 1.41 2.63
Exchange Rates 3.79 4.26 1.85 2.26 8.45 0.66 0.25 1.09 1.12 0.22
2002-2006
Stock Returns 1.69 1.55 0.37 0.88 1.73 1.40 1.01 1.75 1.21 1.10
Exchange Rates 628.36 2.48 3.09 2.466 0.35 410.48 5.63 0.00 0.14 0.10

*Note: Ho: EGARCH (1,1), Hy: EGARCH(2,1) The 5% critical value for the LR test distributed as ;(2 with 2 degrees of freedom is 5.99.

A.Peso: Argentine Peso, B.Real: Brazilian Real, Ch.Peso: Chilean Peso, Co.Peso: Colombian Peso, M.Peso: Mexican Peso, Bolivar: Venezuelan Bolivar, C$: Canadian Dollar, ¥: Japanese Yen, $: US
Dollar, £: British Pound, Pta: Spanish Peseta, €: Euro.

286



Interlinkages between Equity, Currency, Precious Metals and Oil Markets: an Emphasis on Emerging Markets

Table 6.9: Diagnostic Tests :Argentina

BRAZL
1998
Stock Returns

Exchange Rates

Cross Products

1999-2001

Stock Returns

Exchange Rates

Cross Products

2002-2006

Stock Returns

Exchange Rates

Cross Products

B
LB(20)

LB2(20)
B
LB(20)
LB2(20)
LB(20)
LB2(20)
B
LB(20)
LB2(20)

B
LB(20)

LB2(20)
LB(20)
LB2(20)
B
LB(20)
LB2(20)

B
LB(20)

LB2(20)

LB(20)

Real/A.Peso

5
22.392
(0.30)
21.158
(0.388)
869

15.109
(0.770)
3.3429
(2.000)
15.282
(0.760)
0.3624
(12.000)
Real/A.Peso
74
25.943
(0.168)
6.4366
(0.998)
261
9.3431
(0.979)
26.056
(0.164)
15.453
(0.750)
1.4359
(1.000)

16
14.316
(0.814)
16.853
(0.662)
375
20.802
(0.409)
26.755
(0.142)
45.467

Real/Ch.Peso

3
21.522
(0.367)
20.303
(0.439)

102

21.709
(0.357)
11.934
(0.918)
18.569
(0.550)
11.431
(0.934)
Real/Ch.Peso
63
24.567
(0.219)
8.4334
(0.989)
510
18.394
(0.561)
15.321
(0.758)
15.313
(0.758)
0.5354
(1.000)

10
21.361
(0.376)
16.498
(0.685)
562
28.603
(0.096)
14.965
(0.778)
25.04

Real/Co.Peso

4
22.452
(0.317)
20.762
(0.411)
3042

21.45
(0.371)
2.1166
(2.000)
7.8701
(0.993)
0.5489
(1.000)

Real/Co.Peso
63
26.313
(0.156)
4.8138
(1.000)
183
16.552
(0.682)
28.991
(0.088)

15.987
(0.717)
2.9844
(1.000)

8
22.432
(0.318)
18.778
(0.536)
30
23.814
(0.251)
13.515
(0.854)
32.562

Real/M.Peso

3
16.48
(0.686)
18.605
(0.548)
180

23.841
(0.249)
13.74
(0.843)
19.247
(0.506)
7.1416
(0.996)
Real/M.Peso
173
27.228
(0.129)
5.1357
(1.000)
416
13.15
(0.871)
11.862
(0.921)
15.886
(0.724)
0.2057
(1.000)

21
19.005
(0.522)
14,585
(0.800)
110
20.937
(0.401)
36.826
(0.012)
21.926

Real/Bolivar

4
22.359
(0.321)
20.482
(0.428)
72

33.868
(0.027)
10.943
(0.948)
13.578
(0.851)
18.821
(0.534)
Real/Bolivar
72
25.404
(0.186)
6.2247
(0.999)
223
13.222
(0.868)
25.114
(0.197)
15.707
(0.735)
1.4787
(1.000)

19
17.461
(0.623)
16.313
(0.697)
89145
32.143
(0.042)
17714
(1.000)
30.853

Real/C$

2

20.332

(0.437)

18.904

(0.528)
8

15.669
(0.737)
12.371
(0.903)
25.401
(0.187)
20.972
(0.399)
Real/C$
85
26.414
(0.153)
5.6554
(0.999)
93
9.7492
(0.972)
23.429
(0.268)
14.045
(0.828)
0.6873
(1.000)

23
23552
(0.262)
19.013
(0.521)
66
21.468
(0.370)
17.319
(0.632)
32.75

Real/¥

4
22.999
(0.289)
19.722
(0.475)
4
26.315
(0.156)

12.96
(0.879)
29.177
(0.084)
24.282
(0.230)
Real/¥

92
24.969
(0.203)
6.5295
(0.998)

37

15.4
(0.753)
9.3243
(0.979)
21.263
(0.382)
0.7014
(1.000)

21
22.276
(0.326)
16.652
(0.675)
43
26.978
(0.136)
15.935
(0.721)
42.657

Real/$

5
20.87
(0.405)
18.573
(0.550)
1483

12.231
(0.908)
2.3189
(1.000)
11.686
(0.926)
0.2089
(1.000)
Real/$
73
25.706
(0.176)
6.1113
(0.999)
252
11.116
(0.943)
29.254
(0.083)
15.038
(0.774)
1.6761
(1.000)

14
29.908
(0.071)
21.069
(0.393)
81
32.449
(0.039)
14.35
(0.812)
39.254

Realf

3
22.489
(0.315)
20.303
(0.439)

4

13.814
(0.840)
11.636
(0.928)
13.744
(0.843)
11.613
(0.929)
Realf
74
23.582
(0.261)
5.8771
(0.999)
97
15.282
(0.760)
17.237
(0.638)
18.34
(0.565)
1.1927
(1.000)

17
19.85
(0.467)
19.512
(0.489)
34
24,532
(0.0220)
24.801
(0.209)
23.892

Real/Pta

3
21.693
(0.357)
19.276
(0.504)

17

16.825
(0.664)
18.773
(0.537)
15.527
(0.746)
15.317
(0.758)
Real/€
133
27.952
(0.100)
4.1555
(1.000)
163
18.086
(0.582)
21.731
(0.355)
16.931
(0.657)
0.8954
(1.000)

7
21.038
(0.395)
21.412
(0373)
184
15.346
(0.756)
20.827
(0.407)
21.038
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(0.000) (0.200) (0.038) (0.345) (0.057) (0.036) (0.000) (0.006)  (0.247) (0.395)
LB2(20) 4.3289 17.249 15.234 9.5104 7.6056 14.174 17.265 20.507 16.233 21.412
(1.000) (0.637) (0.763) (0.976) (0.994) (0.822) (0.636) 0.427)  (0.702) (0.373)
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BRAZIL
1998
Stock Returns
JB
LB(20)

LB2(20)
Exchange Rates
JB
LB(20)
LB2(20)

Cross Products
LB(20)

LB2(20)
1999-2001
Stock Returns
JB
LB(20)
LB2(20)
Exchange Rates
JB
LB(20)
LB2(20)

Cross Products
LB(20)

LB2(20)
2002-2006
Stock Returns
JB
LB(20)

LB2(20)

Real/A.Peso

5
22.392
(0.30)
21.158
(0.388)

869

15.109
(0.770)
3.3429
(1.000)

15.282
(0.760)
0.3624
(1.000)
Real/A.Peso

74
25.943
(0.168)
6.4366
(0.998)

261
9.3431
(0.979)
26.056
(0.164)

Real/A.Peso
15.453
(0.750)
1.4359
(1.000)

16
14.316
(0.814)
16.853
(0.662)

Real/Ch.Peso

3
21.522
(0.367)
20.303
(0.439)

102

21.709
(0.357)
11.934
(0.918)

18.569
(0.550)
11.431
(0.934)
Real/Ch.Peso

63
24,567
(0.219)
8.4334
(0.989)

510
18.394
(0.561)
15.321
(0.758)

Real/Ch.Peso
15.313
(0.758)
0.5354
(1.000)

10
21.361
(0.376)
16.498
(0.685)

Real/Co.Peso

4
22.452
(0.317)
20.762
(0.411)

3042

21.45
(0.371)
2.1166
(1.000)

7.8701
(0.993)
0.5489
(1.000)
Real/Co.Peso

63
26.313
(0.156)
4.8138
(1.000)

183
16.552
(0.682)
28.991
(0.088)

Real/Co.Peso
15.987
(0.717)
2.9844
(1.000)

8
22.432
(0.318)
18.778
(0.536)

Real/M.Peso

3
16.48
(0.686)
18.605
(0.548)

180

23.841
(0.249)
13.74
(0.843)

19.247
(0.506)
7.1416
(0.996)
Real/M.Peso

173
27.228
(0.129)
5.1357
(1.000)

416
13.15
(0.871)
11.862
(0.921)
Real/M.Peso
15.886
(0.724)
0.2057
(1.000)

21
19.005
(0.522)
14.585
(0.800)

Real/Bolivar

4
22.359
(0.321)
20.482
(0.428)

72

33.868
(0.027)
10.943
(0.948)

13.578
(0.851)
18.821
(0.534)
Real/Bolivar

72
25.404
(0.186)
6.2247
(0.999)

223
13.222
(0.868)
25.114
(0.197)

Real/Bolivar
15.707
(0.735)
1.4787
(1.000)

19
17.461
(0.623)
16.313
(0.697)

Real/C$

2
20.332
(0.437)
18.904
(0.528)

8

15.669
(0.737)
12.371
(0.903)

25.401
(0.187)
20.972
(0.399)
Real/C$

85
26.414
(0.153)
5.6554
(0.999)

93
9.7492
(0.972)
23.429
(0.268)

Real/C$
14.045
(0.828)
0.6873
(1.000)

23
23.552
(0.262)
19.013
(0.521)

Real/¥

4
22.999
(0.289)
19.722
(0.475)

4
26.315
(0.156)

12.96
(0.879)

29.177
(0.084)
24.282
(0.230)
Real/¥

92
24.969
(0.203)
6.5295
(0.998)

37
154
(0.753)
9.3243
(0.979)
Real/¥
21.263
(0.382)
0.7014
(1.000)

21
22.276
(0.326)
16.652
(0.675)

Real/$

5
20.87
(0.405)
18.573
(0.550)

1483

12.231
(0.908)
2.3189
(1.000)

11.686
(0.926)
0.2089
(1.000)
Real/$

73
25.706
(0.176)
6.1113
(0.999)

252
11.116
(0.943)
29.254
(0.083)
Real/$
15.038
(0.774)
1.6761
(1.000)

14
29.908
(0.071)
21.069
(0.393)

Realf

3
22.489
(0.315)
20.303
(0.439)

41

13.814
(0.840)
11.636
(0.928)

13.744
(0.843)
11.613
(0.929)
Realf

74
23.582
(0.261)
5.8771
(0.999)

97
15.282
(0.760)
17.237
(0.638)
Realf

18.34
(0.565)
1.1927
(1.000)

17
19.85
(0.467)
19.512
(0.489)

Real/Pta

3
21.693
(0.357)
19.276
(0.504)

17

16.825
(0.664)
18.773
(0.537)

15.527
(0.746)
15.317
(0.758)
Real/€

133
27.952
(0.100)
4.1555
(1.000)

163
18.086
(0.582)
21.731
(0.355)
Real/€
16.931
(0.657)
0.8954
(2.000)

7
21.038
(0.395)
21.412
(0373)
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Exchange Rates
JB
LB(20)
LB2(20)

Cross Products
LB(20)

LB2(20)

375
20.802
(0.409)
26.755
(0.142)

45467
(0.000)
4.3289
(1.000)

562
28.603
(0.096)
14.965
(0.778)

25.04
(0.200)
17.249
(0.637)

30
23.814
(0.251)
13.515
(0.854)

32.562
(0.038)
15.234
(0.763)

110
20.937
(0.401)
36.826
(0.012)

21.926
(0.345)
9.5104
(0.976)

89145
32.143
(0.042)
1.7714
(1.000)

30.853
(0.057)
7.6056
(0.994)

66
21.468
(0.370)
17.319
(0.632)

32.75
(0.036)
14.174
(0.822)

43
26.978
(0.136)
15.935
(0.721)

42,657
(0.000)
17.265
(0.636)

81
32.449
(0.039)
14.35
(0.812)

39.254
(0.006)
20.507
(0.427)

34
24,532
(0.0220)
24.801
(0.209)

23.892
(0.247)
16.233
(0.702)

184
15.346
(0.756)
20.827
(0.407)

21.038
(0.395)
21.412
(0.373)
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Table 6.11: Diagnostic Tests :Chile
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CHILE Ch.Peso/A.Peso  Ch.Peso/Real = Ch.Peso/Co.Peso  ChPeso/M.Peso  ChPeso/Bolivar ~ Ch Peso/C$  Ch Peso/¥  ChPeso/$ ChPeso/£  ChPeso/Pta
1998
Stock Returns
JB 2 2 2 5 2 5 3 6 3 2
LB(20) 67.655 67.631 60.315 60.781 67.649 72.697 67.819 74.448 67.643 67.855
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LB2(20) 19.226 19.188 17.906 18.374 19.672 14.346 20.435 18.469 20.681 20.442
(0.507) (0.510) (0.594) (0.563) (0.479) (0.813) (0.431) (0.557) (0.416) (0.431)
Exchange Rates
JB 259 228 1865 80 95 250 4 283 31 25
LB(20) 14.154 15.229 14.914 16.848 17.18 22.504 24.905 13.62 25.717 11.047
(0.823) (0.763) (0.781) (0.663) (0.641) (0.314) (0.205) (0.849) (0.175) (0.945)
LB(20) 14.596 13.553 4,9063 11.921 11.221 5.0375 8.6098 14.505 19.443 8.5588
(0.799) (0.852) (1.000) (0.919) (0.940) (1.000) (0.987) (0.804) (0.493) (0.987)
Cross Products
LB(20) 17.735 16.672 20.284 20.621 9.5908 18.446 25.516 14.478 10.037 25.106
(0.605) (0.674) (0.440) (0.420) (0.975) (0.558) (0.182) (0.805) (0.967) (0.197)
LB2(20) 3.4851 9.1627 27.514 2.034 6.7822 0.785 24.532 4.9403 2.513 9.6908
(1.000) (0.981) (0.121) (1.000) (0.997) (1.000) (0.220) (1.000) (1.000) (0.973)
1999-2001 Ch.Peso/A.Peso Ch.Peso/Real Ch.Peso/Co.Peso ChPeso/M.Peso ChPeso/Bolivar Ch Peso/C$ Ch Peso/¥ ChPeso/$ ChPeso/£ Ch.Peso/€
Stock Returns
JB 58 57 63 61 56 61 55 55 66 59
LB(20) 94,732 97.168 109.57 76.808 86.952 92.019 105.22 92.355 100.64 110.72
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LB2(20) 15.572 15.984 24.993 40.095 19.001 16.25 16.584 15.328 17.79 25.825
(0.743) (0.718) (0.202) (0.005) (0.522) (0.701) (0.680) (0.757) (0.601) (0.172)
Exchange Rates
JB 6412 590 788 870 7402 998 293 3917 588 177
LB(20) 14.382 20.227 27.22 19.758 13.518 15.008 34.386 12.918 14.108 20.338
(0.811) (0.444) (0.129) (0.473) (0.854) (0.776) (0.024) (0.881) (0.825) (0.437)
LB2(20) 15.839 12.712 93.76 13.553 14.349 19.084 20.802 28.969 21.028 15.154
(0.727) (0.889) (0.000) (0.852) (0.812) (0.516) (0.409) (0.088) (0.396) (0.768)
Cross Products
LB(20) 28.192 13.703 39.735 41.352 33.757 19.832 10.85 24.401 15.604 17.494
(0.105) (0.845) (0.005) (0.003) (0.028) (0.468) (0.950) (0.225) (0.741) (0.621)
LB2(20) 5.6517 0.8168 4.1042 11.477 5.7488 4.6745 9.0028 4.9834 7.8388 12.392
(0.999) (1.000) (1.000) (0.933) (0.999) (1.000) (0.983) (1.000) (0.983) (0.902)
2002-2006
Stock Returns Ch.Peso/A.Peso  Ch.Peso/Real Ch.Peso/Co.Peso  ChPeso/M.Peso ChPeso/Bolivar  Ch Peso/C$  Ch Peso/¥  ChPeso/$  ChPeso/f Ch.Peso/€
JB 681 686 607 650 541 673 685 624 482 631
LB(20) 102.43 89.439 98.62 98.977 104.15 97.625 100.43 100.77 99.29 106.97
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LB2(20) 14.003 11.898 15.32 12.33 15.541 14.238 14.964 14.659 14.639 13.044
(0.830) (0.920) (0.758) (0.904) (0.745) (0.818) (0.778) (0.796) (0.797) (0876)
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Exchange Rates

JB 4952 409 1879 1425 145481 716 449 4444 2351 2826
LB(20) 19.323 38.863 22.304 25.025 23.192 14.92 14.761 17.32 17.961 20.723
(0.501) (0.007) (0.324) (0.200) (0.279) (0.781) (0.790) (0.632) (0.590) (0.414)
LB%(20) 14.662 13.802 13.764 17.775 1.4314 13.325 12.318 9.2539 12.954 6.3291
(0.795) (0.840) (0.842) (0.602) (1.000) (0.863) (0.905) (0.980) (0.879) (0.998)
Cross Products
LB(20) 14.263 30.113 20.8 44,128 3.2548 24.251 21.525 24.543 15.879 19.379
(0.817) (0.068) (0.409) (0.001) (1.000) (0.232) (0.367) (0.219) (0.724) (0.497)
LB2(20) 7.3076 2.0714 8.2808 2.174 0.1216 11.033 27.638 7.981 47.003 2.6706
(0.996) (1.000) (0.990) (1.000) (1.000) (0.945) (0.118) (0.992) (0.000) (1.000)
Table 6.12: Diagnostic Tests :Columbia
COLOMBIA Co.Peso/A.Peso Co.Peso/Real Co.Peso/Ch.Peso  Co.Peso/M.Peso  Co.Peso/Bolivar ~ Co.Peso/C$ Co.Peso/¥  Co.Peso/$  Co.Peso/f Co.Peso/€
2002-2006
Stock Returns
JB 439 459 471 443 444 441 435 433 451 384
LB(20) 121.47 122.39 111.58 120.54 121.13 119.91 118.67 114.37 118.54 118.34
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LB2(20) 8.7838 8.4812 9.5085 8.6398 8.6889 9.0821 8.8424 8.9108 8.748 8.4169
(0.985) (0.988) (0.976) (0.987) (0.986) (0.982) (0.985) (0.984) (0.986) (0.989)
Exchange Rates
JB 1860 31 2697 123 409469 73 204 1336 124 51
LB(20) 28.021 37.604 30.096 13.411 25.203 22.332 11.214 70.431 31.514 15.734
(0.109) (0.010) (0.068) (0.859) (0.194) (0.323) (0.341) (0.000) (0.049) (0.733)
LB2(20) 7.1205 16.423 12.836 20.223 1.7832 11.4 15.884 5.5515 9.0831 15.107
(0.996) (0.690) (0.884) (0.444) (2.000) (0.935) (0.724) (0.999) (0.982) (0.770)
Cross Products
LB(20) 10.149 20.122 21.954 19.564 9.9955 20.359 16.938 19.771 17.733 22.91
(0.965) (0.450) (0.343) (0.485) (0.968) (0.436) (0.657) (0.472) (0.605) (0.293)
LB2(20) 1.8382 2.6526 17.742 2.9959 0.4762 1.7723 1.4139 7.6329 1.5619 3.6701
(1.000) (1.000) (0.604) (1.000) (1.000) (1.000) (1.000) (0.994) (1.000) (1.000)
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Table 6.13: Diagnostic Tests : Mexico

MEXICO M.Peso/A.Pes M.Peso.Rea M.Peso/Ch.Pes M.Peso/Co.Pes M.Peso/Boliva M.Peso/C  M.Peso/¥ M.Peso/$ M.Peso/£E  M.Peso/Pt
0 | 0 0 r $ a
1998
Stock Returns
JB 18 21 20 16 25 17 23 19 13 17
LB(20) 18.699 18.686 19.139 16.86 19.688 22.463 17.671 18.469 16.526 19.023
(0.541) (0.542) (0.513) (0.662) (0.478) (0.316) (0.609) (0.557) (0.684) (0.520)
LB2(20) 22.013 2211 23.342 25.116 24.618 27.004 21.852 22.069 29.635 22.307
(0.340) (0.335) (0.272) (0.197) (0.216) (0.135) (0.349) (0.337) (0.197) (0.324)
Exchange Rates
JB 183 95 203 77 88 23 0.73 182 8 12
LB(20) 24.805 26.457 19.796 11.047 22.465 16.658 22.791 26.046 16.493 25.318
(0.209) (0.151) (0.471) (0.354) (0.316) (0.675) (0.299) (0.164) (0.686) (0.190)
LB%(20) 13.559 13.005 12.675 15.534 11.727 21.081 15.537 13.059 15.282 13.203
(0.852) (0.877) (0.891) (0.745) (0.925) (0.392) (0.745) (0.875) (0.760) (0.869)
Cross Products
LB(20) 24.56 21.938 8.1769 19.649 25.503 13.63 24.672 23.25 11.236 19.281
(0.219) (0.344) (0.991) (0.480) (0.183) (0.849) (0.214) (0.277) (0.940) (0.504)
LB2(20) 19.759 18.091 9.4409 18.907 25.603 17.711 14.533 19.443 14.091 26.69
(0.473) (0.581) (0.977) (0.528) (0.179) (0.606) (0.802) (0.493) (0.826) (0.144)
1999-2001 M.Peso/A.Pes M.Peso.Rea M.Peso/Ch.Pes M.Peso/Co.Pes M.Peso/Boliva M.Peso/C  M.Peso/¥ M.Peso/$ M.Peso/E  M.Peso/€
0 | 0 0 r $
Stock Returns
JB 25 36 24 21 30 27 33 31 25 29
LB(20) 35.547 42.211 40.061 43.363 36.972 39.418 40.471 35.291 36.266 42.642
(0.017) (0.003) (0.005) (0.002) (0.012) (0.006) (0.004) (0.019) (0.014) (0.002)
LB2(20) 22.442 20.512 20.593 27.451 22.049 24.382 21.343 22.013 24.506 20.401
(0.317) (0.426) (0.421) (0.123) (0.338) (0.226) (0.377) (0.340) (0.221) (0.433)
Exchange Rates
JB 2566 422 947 1848 1806 735 213 2543 959 70
LB(20) 13.167 14.813 19.558 19.866 16.002 17.913 19.671 14.721 24.856 28.986
(0.870) (0.787) (0.486) (0.466) (0.716) (0.593) (0.479) (0.792) (0.207) (0.088)
LB2(20) 6.9929 12.446 10.059 6.4078 3.9519 7.1675 39.141 5.9 11.349 33.162
(0.997) (0.900) (0.967) (0.998) (1.000) (0.996) (0.006) (0.999) (0.937) (0.032)
Cross Products
LB(20) 20.096 14.933 18.896 19.961 18.407 13.581 25.028 21.134 14.558 18.333
(0.452) (0.780) (0.529) (0.460) (0.561) (0.851) (0.200) (0.389) (0.801) (0.565)
LB2(20) 2.2587 1.822 4.3228 8.5144 2.5099 4.0253 15.493 2.4189 4.1956 29.284
(1.000) (1.000) (1.000) (0.988) (1.000) (1.000) (0.748) (1.000) (2.000) (0.082)
2002-2006
Stock Returns M.Peso/A.Pes M.Peso.Rea M.Peso/Ch.Pes M.Peso/Co.Pes M.Peso/Boliva M.Peso/C  M.Peso/¥ M.Peso/$ M.Peso/£ M.Peso/€
0 | 0 0 r $
JB 37 46 37 37 40 37 38 34 37 31
LB(20) 17.433 17.737 15.406 16.007 16.443 16.843 15.972 13.523 16.274 16.085
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(0.625) (0.605) (0.753) (0.716) (0.689) (0.663) (0.718) (0.854) (0.699) (0.711)
LB2(20) 42.858 40.488 37.51 48.937 43,554 42.014 41.679 42.035 44,793 43.373
(0.002) (0.004) (0.010) (0.000) (0.002) (0.003) (0.003) (0.003) (0.001) (0.002)
Exchange Rates
JB 238 110 1278 132 577497 28 127 74 65 22
LB(20) 20.516 21.261 28.792 11.344 11.68 12.475 12.694 16.106 24.442 26.12
(0.426) (0.382) (0.092) (0.937) (0.927) (0.899) (0.890) (0.710) (0.224) (0.162)
LB2(20) 15.333 35.921 17.131 17.464 0.5694 19.529 10.352 14.176 19.731 16.137
(0.757) (0.016) (0.644) (0.623) (1.000) (0.488) (0.961) (0.821) (0.475) (0.708)
Cross Products
LB(20) 22.985 13.012 17.593 27.66 18.396 30.753 28.595 31.866 9.8981 59.19
(0.290) (0.877) (0.614) (0.118) (0.561) (0.059) (0.096) (0.045) (0.970) (0.000)
LB%(20) 13.044 4.8079 1.3524 20.64 0.4933 2.8359 12.898 7.5668 9.2143 45321
(0.876) (1.000) (1.000) (0.419) (1.000) (1.000) (0.882) (0.994) (0.980) (1.000)

294



Interlinkages between Equity, Currency, Precious Metals and Oil Markets: an Emphasis on Emerging Markets

Table 6.14: Diagnostic Tests :Venezuela

VENEZUELA Bolivar/A.Pes  Boliar/Real Bolivar/Ch.Pes Bolivar/Co.Pes Bolivar/M/Pes  Bolivar/C Bolivar/ Bolivar/ Bolivar/  Bolivar/Pt

0 0 0 0 $ ¥ $ £ a
1998
Stock Returns
JB 330 342 384 628 51 541 641 269 473 657
LB(20) 20.7 20.973 19.498 24.251 29.87 25.742 24.444 21.074 23.198 24.13
(0.415) (0.399) (0.490) (0.232) (0.072) (0.174) (0.224) (0.393) (0.279) (0.237)
LB2(20) 2.9108 1.8107 2.1931 1.6105 7.5449 1.83 1.397 2.9816 1.7549 1.3839
(1.000) (1.000) (1.000) (1.000) (0.994) (1.000) (1.000) (1.000) (1.000) (1.000)
Exchange Rates
JB 40 17 98 2540 62 26 3 49 14 6
LB(20) 12.621 34.473 16.966 23.857 24.29 23.305 22.056 21.147 6.8154 13.409
(0.893) (0.023) (0.655) (0.249) (0.230) (0.274) (0.337) (0.389) (0.997) (0.859)
LB2(20) 24.235 20.526 8.728 6.0583 11.813 30.265 15.011 17.688 9.5753 10.818
(0.232) (0.425) (0.986) (0.999) (0.922) (0.066) (0.776) (0.608) (0.975) (0.951)
Cross Products
LB(20) 28.206 15.847 19.146 12.385 15.949 28.272 35.31 30.33 17.012 9.5874
(0.105) (0.726) (0.512) (0.902) (0.720) (0.103) (0.019) (0.065) (0.652) (0.975)
LB2(20) 10.641 3.391 10.039 0.6052 2.9555 12.71 18.303 17.304 6.0626 7.926
(0.955) (1.000) (0.967) (1.000) (1.000) (0.889) (0.567) (0.633) (0.999) (0.992)
1999-2001 Bolivar/A.Pes  Boliar/Real Bolivar/Ch.Pes Bolivar/Co.Pes Bolivar/M/Pes  Bolivar/C Bolivar/ Bolivar/ Bolivar/ Bolivar/€
0 0 0 o $ ¥ $ £
Stock Returns
JB 2060 2082 2009 2032 1922 1977 2187 1998 1845 2081
LB(20) 35.074 33.178 34.988 35.855 31.668 35.508 36.832 35.863 34.806 35.694
(0.020) (0.032) (0.020) (0.016) (0.047) (0.018) (0.012) (0.016) (0.021) (0.017)
LB2(20) 20.355 19.58 19.32 20.278 21.106 20.636 19.036 20.167 20.7 19.573
(0.436) (0.484) )0.501) (0.441) (0.391) (0.419) (0.520) (0.4448) (0.415) (0.485)
Exchange Rates
JB 1894 317 7312 3947 1194 8 58 1180 11 45
LB(20) 33.471 19.039 15.11 32.035 13.496 16.642 19.23 31.916 19.73 27.445
(0.030) (0.519) (0.770) (0.043) (0.855) (0.670) (0.507) (0.044) (0.475) (0.123)
LB2(20) 6.9087 33.901 10.546 4.2793 6.1997 14.945 8.776 13.047 23.803 23.481
(0.997) (0.027) (0.957) (1.000) (0.999) (0.780) (0.985) (0.875) (0.251) (0.266)
Cross Products Bolivar/A.Pes  Boliar/Real Bolivar/Ch.Pes Bolivar/Co.Pes Bolivar/M/Pes  Bolivar/C  Bolivar/  Bolivar/  Bolivar/ Bolivar/€
0 0 0 0 $ ¥ $ £
LB(20) 15.013 17.734 20.878 18.047 24.947 13.487 14.765 10.212 13.332 11.374
(0.776) (0.605) (0.404) (0.584) (0.203) (0.856) (0.790) (0.964) (0.863) (0.936)
LB2(20) 7.097 16.569 31.966 14.672 42.419 2.8423 2.7455 1.2317 14.55 13.164
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2002-2006
Stock Returns
JB
LB(20)

LB2(20)
Exchange Rates
JB
LB(20)
LB2(20)

Cross Products
LB(20)

LB2(20)

(0.996)

14321
42.766
(0.002)
1.7661
(1.000)

135145
90.132
(0.000)
131.92
(0.000)

61.357
(0.000)
18.919
(0.527)

(0.681)

13658
45.66
(0.001)
1.6531
(1.000)

152735
27.414
(0.124)
0.7065
(1.000)

2.1598
(1.000)
0.0397
(1.000)

(0.044)

12934
46.543
(0.001)
1.7649
(1.000)

106106
22.664
(0.306)
1.8774
(1.000)

1.9411
(1.000)
0.0273
(1.000)

(0.795)

10350
43.872
(0.002)
2.2114
(1.000)

1352745
24.169
(0.235)
0.4377
(1.000)

5.7218
(0.999)
0.2271
(1.000)

(0.002)

9258
51.625
(0.000)
3.4101
(1.000)

616176
9.3375
(0.979)
0.6351
(1.000)

25167
(1.000)
0.1877
(1.000)

(1.000)

11580
47.23
(0.000)
2.2685
(1.000)

463312
14.297
(0.815)
0.8019
(1.000)

8.0333
(0.992)
0.1316
(1.000)

(1.000)

13197
46.475
(0.001)
1.8996
(1.000)

423796
15.335
(0.757)
0.4136
(1.000)

2.2149
(1.000)
0.0378
(1.000)

(1.000)

10223
51.453
(0.000)
2.999
(1.000)

3915436
11.497
(0.932)
0.6003
(1.000)

8.3912
(0.989)
0.2463
(1.000)

(0.802)

10875
46.25
(0.001)
2.3626
(1.000)

307315
12.08
(0.913)
0.7774
(1.000)

3.7709
(1.000)
0.0738
(1.000)

(0.870)

11928
53.696
(0.000)
1.8247
(1.000)

439685
11.17
(1.000)
05123
(1.000)

2.9044
(1.000)
0.0497
(1.000)
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Table 6.15: Diagnostic Tests :Spain

SPAIN Pta/A.Peso Pta/Real Pta/Ch.Peso Pta/Co.Peso Pta/M.Peso Pta/Boliva Pta/C$
r
1998
Stock Returns
JB 2 2 3 77 0.62 2 0.45
LB(20) 21.738 21.703(0.357 21.409 37.801 19.265 21.072 18.954
(0.355) ) (0.373) (0.009) (0.505) (0.393) (0.525)
LB2(20) 23.768 23.547 21.187 193.02 29.987 23.74 20.559
(0.253) (0.263) (0.386) (0.000) (0.070) (0.254) (0.423)
Exchange Rates
JB 21 17 4 342266 7 9 4
LB(20) 18.417 18.202 13.089 9.2876 37.091 12.349 20.105
(0.560) (0.574) (0.874) (0.979) (0.011) (0.904) (0.451)
LB2(20) 14.061 16.412 12.876 0.1961 9.3664 11.778 11.244
(0.827) (0.691) (0.883) (1.000) (0.978) (0.924) (0.940)
Cross Products
LB(20) 19.536 15.744 31.047 190.15 21.012 8.5618 20.035
(0487) (0.732) (0.055) (0.000) (0.396) (0.987) (0.456)
LB2(20) 23.932 8.8237 15.995 113.05 72.163 15.065 8.9971
(0.245) (0.985) (0.717) (0.000) (0.000) (0.773) (0.983)
1999-2001 €/A.Peso €/Real €/Ch.Peso €/Co.Peso €/M.Peso €/Bolivar €/C$
Stock Returns
JB 2 3 2 6 5 2 3
LB(20) 22.034 22.555 19.625 21.997 22.994 22.178 22.745
(0.339) (0.311) (0.502) (0.341) (0.289) (0.331) (0.301)
LB2(20) 23.366 16.477 20.58 21.738 18.751 23.639 21.272
(0.271) (0.687) (0.422) (0.355) (0.538) (0.259) (0.381)
Exchange Rates
JB 49 39 102 21 38 40 19
LB(20) 42.825 28.856 27.995 25.777 25.605 42.953 41.307
(0.002) (0.091) (0.110) (0.173) (0.179) (0.002) (0.003)
LB2(20) 30.029 22.396 10.325 13.643 24.746 20.539 23.902
(0.069) (0.319) (0.962) (0.848) (0.211) (0.425) (0.247)
Cross Products €/A.Peso €/Real €/Ch.Peso €/Co.Peso €/M.Peso €/Bolivar €/C$
LB(20) 37.332 19.231 13.229 27.166 30.218 43.717 37.732
(0.011) (0.507) (0.867) (0.131) (0.066) (0.002) (0.010)
LB2(20) 40.935 58.794 9.2621 7.0933 8.5367 38.92 30.985
(0.004) (0.000) (0.980) (0.996) (0.988) (0.007) (0.055)
2002-2006

Stock Returns

Pta/¥

2
21.568
(0.364)
24.859
(0.207)

27
9.9806
(0.969)
11.692
(0.926)

19.213
(0.508)
71.245
(0.000)
€y

5
22.815
(0.298)
18.314
(0.567)

26
11.733
(0.925)
10.752
(0.952)
€Y
28.367
(0.101)
12.64
(0.892)

Pta/$

2

21.886/(0.

347)
23.882
(0.248)

23
19.471
(0.491)
14.389
(0.810)

18.117
(0.580)
18.951
(0.525)
€/%

3
22.207
(0.329)
22.389
(0.320)

40
42.756
(0.002)
24.535
(0.220)
€/$
38.743
(0.007)
39.456
(0.006)

Pta/f

2
21.394
(0.374)
23.601
(0.260)

5
19.469
(0.492)
22.168
(0.331)

24.129
(0.237)
29.016
(0.087)
€ls

5
22.556
(0.311)
18.554
(0.551)

55
24.417
(0.225)
11.953
(0.918)
€It
22.237
(0.328)
38.228
(0.008)
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JB 79 62 65 65 77 77 80 77 63 77
LB(20) 18.819 17.901 21.246 18.976 18.808 19.354 21.038 16.296 18.034 16.545
(0.534) (0.594) (0.501) (0.523) (0.534) (0.499) (0.724) (0.698) (0.585) (0.682)
LB2(20) 29.897 27.245 31.868 36.751 29.416 31.544 28.721 27.826 34.489 27.824
(0.072) (0.129) (0.045) (0.013) (0.080) (0.048) (0.093) (0.114) (0.023) (0.114)
Exchange Rates
JB 7200 50 2959 31 48 316009 4 118 9 47
LB(20) 44.025 29.773 16.185 25.168 26.375 38.334 15.467 27.512 29.79 17.818
(0.001) (0.074) (0.705) (0.195) (0.154) (0.008) (0.749) (0.121) (0.073) (0.599)
LB2(20) 720.17 12.042 5.5246 24.438 12.165 10.305 53.582 16.908 19.155 25.68
(0.000) (0.915) (0.999) (0.224) (0.910) (0.962) (0.000) (0.659) (0.512) (0.177)
Cross Products
LB(20) 70.824 66.714 21.741 18.942 68.4 27.992 23.86 20.558 56.368 21.318
(0.000) (0.000) (0.355) (0.526) (0.000) (0.110) (0.249) (0.424) (0.000) (0.379)
LB2(20) 128.09 51.546 1.522 27.29 37.551 21.598 3.0345 23.063 29.664 35.818
(0.000) (0.000) (1.000) (0.127) (0.010) (0.363) (1.000) (0.286) (0.075) (0.016)
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APPENDIX G

PRECIOUS METALS MARKETS AND THE G-7 EQUITY MARKETS

TABLE 7.1: Descriptive Statistics Stock Returns

Mean SD Skewness Kurtosis JB
1995-2006
S&P/TSX Composite 0.000358 0.0094 -0.7059 9.4888 5749
CAC 40 0.000345 0.0135 -0.1080 5.9068 1108
DAX 30 0.000369 0.0149 -0.1689 6.2272 1373
MIB 30 0.000333 0.0135 -0.1097 6.0301 1203
NIKKEI 225 -4.33E-05 0.0139 -0.0259 5.1865 624
FTSE 100 0.000226 0.0106 -0.1976 6.2149 1368
Dow Jones 0.000377 0.0104 -0.2513 7.7645 2992
1995-June 1997
S&P/TSX Composite 0.000652 0.0056 -0.6371 6.5221 380
CAC 40 0.000644 0.0100 -0.1630 3.9388 27
DAX 30 -0.00091 0.0084 0.2432 4,3997 59
MIB 30 0.000477 0.0122 0.2234 4,3261 53
NIKKEI 225 6.73E-05 0.0125 0.0937 5.3677 153
FTSE 100 0.000626 0.0061 -0.2018 3.3343 7
Dow Jones 0.001067 0.0073 -0.3743 4.8146 104
July 1997-1998
S&P/TSX Composite 0.000173 0.0104 -1.1045 9.8534 1126
CAC 40 0.001021 0.0150 -0.2350 4.7557 72
DAX 30 0.001061 0.0167 -0.4105 5.0705 108
MIB 30 0.001547 0.0180 -0.2322 4.4308 49
NIKKEI 225 -0.000644 0.0168 0.1624 4.8557 77
FTSE 100 0.000684 0.0114 -0.0857 4.2899 37
Dow Jones 0.000678 0.0120 -0.6988 8.4702 692
1999-2006
S&P/TSX Composite 0.00033 0.0100 -0.5478 8.3101 2554
CAC 40 0.000163 0.0140 -0.0798 5.9644 766
DAX 30 0.000132 0.0158 -0.0787 5.8040 685
MIB 30 8.04E-05 0.0126 -0.1566 6.6067 1139
NIKKEI 225 0.000105 0.0135 -0.1193 4.8653 307
FTSE 100 2.68E-05 0.0113 -0.2025 6.0828 840
Dow Jones 0.000147 0.0107 -0.0462 6.7601 1229
Table 7.2: Descriptive Statistics Precious Metals
Mean SD Skewness Kurtosis JB
1995-2006
Gold 0.000162 0.0086 0.1703 10.5384 7424
Platinum -0.000315 0.0136 0.6427 19.1193 34091
Silver 0.000307 0.0174 -0.6741 12.9421 13124
1995-June 1997
Gold -0.000207 0.0044 0.3319 6.4210 329
Platinum 4.91E-05 0.0101 2.3290 33.2392 25353
Silver -7.95E-05 0.0143 0.6299 10.4756 1557
July 1997-1998
Gold -0.000481 0.0069 0.0639 4.1675 30
Platinum -4.20E-05 0.0155 0.6264 10.0941 1127
Silver -2.13E-05 0.0175 0.2059 6.3548 248
1999-2006
Gold 0.000379 0.0097 0.1240 9.2690 3420
Platinum 0.000541 0.0142 -1.0640 20.1818 26040
Silver 0.000453 0.0181 -1.0566 14.1642 11216
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Table 7.3: Augmented Dickey-Fuller Test

1995-2006 1995-June 1997  July 1997-1998 1999-2006

Stock Returns

S&P/TSX Composite -39.25* -20.88* -20.23* -33.02*
CAC 40 -13.73* -15.09* -21.52* -21.60*
DAX 30 -14.27* -27.01* -17.42* -15.20*
MIB 30 -11.13* -24.40% -5.01* -15.39*

NIKKEI 225 -41.68* -26.91* -18.79* -46.81*
FTSE 100 -13.91* -24.35% -16.56* -15.17*
Dow Jones -41.02* -15.83* -22.83* -33.62%

Precious Metals
Gold -22.48* -25.69* -21.17* -18.09*
Platinum -43.40* -10.44* -17.95* -35.48*
Silver -62.19* -8.16* -22.55* -52.05*

*1% significance level

Table 7.4: Likelihood Ratio Test Stock Returns-Precious Metals

1995-2006  1995-June 1997  July 1997-1998  1999-2006

S&P/TSX Composite-Gold 0.344 0.016 0.42 2.16
S&P/TSX Composite-Platinum 0.254 0.41 0.34 2.02
S&P/TSX Composite-Silver 0.504 0.54 0.1 2.29
CAC 40-Gold 6.81* 5.61 1.02 7.81*
CAC 40-Platinum 7.28* 3.54 0.962 8.5*
CAC 40-Silver 6.89* 3.672 1.094 8.31*
DAX 30-Gold 22.04* 8.12* 4.35 14.77*
DAX 30-Platinum 24.47* 7.81* 5.04 16.73*
DAX 30-Silver 24.56* 8.01* 4.68 16.81*
MIB 30-Gold 0.776 2.154 0.118 6.644*
MIB 30-Platinum 0.8 1.09 0.096 6.76*
MIB 30-Silver 0.824 0.75 0.124 6.66*
NIKKEI 225-Gold 8.07* 2.79 3.07 23.16*
NIKKEI 225-Platinum 8.72* 2.69 1.93 23.35*
NIKKEI 225-Silver 8.48* 3.21 5.05 23.23*
FTSE 100-Gold 1.6 0.236 0.824 2.274
FTSE 100-Platinum 1.66 0.284 0.038 2.312
FTSE 100-Silver 1.6 0.266 0.006 2.48
Dow Jones-Gold 6.4* 11.92* 2.49 1.78
Dow Jones-Platinum 6.52* 9.36* 2.65 1.62
Dow Jones-Silver 6.68* 9.26* 2.73 1.64

” s 2 . .
Note: Ho: EGARCH (1,1), Hi: EGARCH(2,1)* The 5% critical value for the LR test distributed as } ~ with 2 degrees of freedom is 5.99.

300



Interlinkages between Equity, Currency, Precious Metals and Oil Markets: an Emphasis on Emerging Markets

Table 7.5: Likelihood Ratio Test Precious Metals-Stock Returns*
1995-2006  1995-June 1997  July 1997-1998  1999-2006

Gold -S&P/TSX Composite 0.154 151 29.26* 27.63*
Platinum-S&P/TSX Composite 5.25 0.46 7.13* 4.19
Silver-S&P/TSX Composite 0.078 0.00 175.32* 119.71*
Gold- CAC 40 35.5* 0.718 0.326 32.05*
Platinum-CAC 40 9.242* 0.038 0.254 4.21
Silver-CAC 40 191.532* 14.43* 0.688 132.69*
Gold-DAX 30 36.98* 0.326 0.326 32.94*
Platinum-DAX 30 7.88* 0.044 0.24 3.48
Silver-DAX 30 191.02* 15.276* 0.72 129.12*
Gold-MIB 30 34.6* 0.724 0.364 25.93*
Platinum-MIB 30 9.14* 0.02 0.288 4.31
Silver-MIB 30 182.602* 14.562* 0.618 126.83*
Gold-NIKKEI 225 25.52* 0.418 0.372 24.89*
Platinum-NIKKEY 225 8.63* 0.03 0.27 3.67
Silver-NIKKEY 225 178.12* 16.286* 0.25 124.15*
Gold-FTSE 100 38.68* 0.89 0.388 34.92*
Platinum-FTSE 100 8.58* 0.008 0.294 4.02
Silver-FTSE 100 190.94* 13.77* 0.302 132.22*
Gold-Dow Jones 31.82* 0.48 0.676 32.51*
Platinum-Dow Jones 8.99* 0.002 0.08 4.22
Silver-Dow Jones 182.42** 16.35* 0.22 128.21*
*Note: Ho: EGARCH (1,1), Hi: EGARCH(2,1) The 5% critical value for the LR test distributed as )(2 with 2 degrees of freedom is
5.99.
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Table 7.6: Diagnostic Test on EGARCH models

1995-2006 1995-June 1997 July 1997-1998 1999-2006
Canada
Stock Returns S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
JB 1071 1169 1134 109 119 120 487 428 454 206 216 215
LB(20) 47.902 50.422 49.472 34.801 34.125 32.454 45.096 50.804 49.627 19.685 20.635 20.601
(0.000)* (0.000)* (0.000)* (0.021) (0.025) (0.039) | (0.001)* (0.000)* (0.000)* (0.478) (0.419) (0.421)
LB2(20) 8.2302 7.6437 9.1782 12.082 13.346 12.77 5.6233 7.6326 7.4712 12.883 13.056 13.307
(0.990) (0.994) (0.981) (0.913) (0.862) (0.887) (0.999) (0.994) (0.995) (0.882) (0.875) (0.864)
Precious Metals Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S
JB 2979 1500 6479 225 155 571 38 45 98 1408 1453 7172
LB(20) 27.605 16.152 37.707 11.639 15.858 36.046 20.321 19.178 24.181 25.33 11.99 28.61
(0.119) (0.707) (0.01) (0.928) (0.725) (0.015) (0.438) (0.510) (0.235) (0.189) (0.916) (0.096)
LB2(20) 21.191 8.8491 4.3797 25.748 11.536 22.004 20.287 14.942 32.614 15.925 9.5636 4.3493
(0.386) (0.985) (2.000) (0.174) (0.931) (0.340) (0.440) (0.780) (0.037) (0.721) (0.975) (1.000)
Cross Products
LB(20) 30.43 23.33 32.037 15.925 22.643 9.5188 17.604 12.062 17.382 31.01 20.376 36.462
(0.063) (0.273) (0.043) (0.721) (0.307) (0.976) (0.613) (0.914) (0.628) (0.055) (0.435) (0.014)
LB2(20) 0.6422 9.9602 3.447 15.205 17.702 4.0504 4.3876 1.0662 16.711 0.997 114.96 2.3441
(1.000) (0.969) (1.000) (0.765) (0.607) (1.000) (1.000) (1.000) (0.672) (1.000) (0.000) (1.000)
France
Stock Returns S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
JB 76 69 71 24 16 16 13 11 14 52 47 48
LB(20) 32.927 32.66 31.902 24.577 24.61 23.27 31.987 33.762 30.394 18.458 18.23 17.949
(0.034) (0.037) (0.044) (0.218) (0.217) (0.276) (0.043) (0.026) (0.064) (0.557) (0.572) (0.591)
LB2(20) 28.953 26.959 27.719 28.547 26.873 25.71 11.215 12.364 11.533 34.801 32.163 32.573
(0.089) (0.136) (0.116) (0.097) (0.139) (0.176) (0.940) (0.903) (0.931) (0.021) (0.042) (0.038)
Precious Metals Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S
JB 2253 1468 7403 194 157 593 42 47 102 1162 1249 7019
LB(20) 29.211 16.397 31.84 14.539 15.441 32.647 18.163 19.014 21.457 22.597 12.283 23.049
(0.084) (0.692) (0.045) (0.802) (0.751) (0.037) (0.577) (0.521) (0.371) (0.309) (0.906) (0.286)
LB2(20) 20.168 8.0838 4.3957 27.18 11.636 20.331 17.674 14.855 33.083 13.125 10.071 4.2372
(0.447) (0.991) (1.000) (0.130) (0.928) (0.437) (0.609) (0.785) (0.033) (0.872) (0.967) (2.000)
Cross Products
LB(20) 29.677 23.09 30.152 23.27 22.503 14.452 21.831 16.357 30.394 20.563 22.103 29.015
(0.075) (0.284) (0.067) (0.276) (0.314) (0.807) (0.350) (0.694) (0.064) (0.423) (0.335) (0.087)
LB2(20) 0.6263 35.475 74.836 3.2541 10.141 8.0354 51.826 14.835 12.884 0.5136 64.118 48.73
(1.000) (0.018) (0.000)* (1.000) (0.966) (0.992) | (0.000)* (0.786) (0.882) (1.000) (0.000)* (0.000)*

* L B(20) and LB2(20) : In the cases where the coefficient is not significant is enough with increasing the number of lags and the coefficients become fine.
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Table 7.7 : Diagnostic Test on EGARCH models

1995-2006 1995-June 1997 July 1997-1998 1999-2006
Germany
Stock Returns S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
JB 94 95 96 28 29 28 6 6 7 47 51 50
LB(20) 23.878 24.256 23.746 20.478 20.49 21.078 29.799 30.727 29.941 21.986 22.177 22.191
(0.248) (0.231) (0.254) (0.428) (0.428) (0.393) (0.073) (0.059) (0.071) (0.341) (0.331) (0.330)
LB2(20) 34.217 33.404 33.858 31.847 32.538 32.218 22.352 22.125 22.026 35.537 35.142 35.067
(0.025) (0.030) (0.027) (0.061) (0.038) (0.041) (0.322) (0.334) (0.339) (0.017) (0.019) (0.020)
Precious Metals Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S
JB 2256 1493 7225 246 152 577 44 46 92 1177 1276 7092
LB(20) 27.848 16.525 32.765 11.649 15.291 33.348 17.743 18.202 21.753 22.849 12.435 24.197
(0.113) (0.684) (0.036) (0.928) (0.759) (0.031) (0.604) (0.574) (0.354) (0.296) (0.900) (0.234)
LB2(20) 20.734 8.1311 4.3352 26.024 10.849 22.87 17.862 15.144 33.326 14.128 9.5252 4.2405
(0.413) (0.991) (2.000) (0.165) (0.950) (0.295) (0.597) (0.768) (0.031) (0.824) (0.976) (1.000)
Cross Products
LB(20) 38.27 23.44 35.069 22.777 22.014 27.477 23.476 13.956 22.425 27.958 29.206 31.309
(0.008)* (0.268) (0.020) (0.300) (0.340) (0.122) (0.266) (0.833) (0.318) (0.110) (0.084) (0.051)
LB2(20) 1.9285 11.687 17.88 24.216 0.9345 46.635 30.807 12.365 6.4189 1.9547 9.2439 26.16
(1.000) (0.926) (0.595) (0.233) (1.000) (0.001)* | (0.058) (0.903) (0.998) (1.000) (0.980) (0.161)
Italy
Stock Returns S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
JB 240 254 240 25 21 22 3 2 3 103 106 107
LB(20) 26.026 26.828 26.026 17.322 19.644 18.632 28.145 27.429 28.031 16.092 16.756 16.803
(0.165) (0.140) (0.165) (0.632) (0.480) (0.546) (0.106) (0.124) (0.109) (0.711) (0.669) (0.666)
LB2(20) 21.266 21.548 21.266 12.632 12.871 11.265 27.768 28.003 27.578 12.865 12.176 12.047
(0.382) (0.366) (0.382) (0.893) (0.883) (0.939) (0.115) (0.109) (0.120) (0.883) (0.910) (0.914)
Precious Metals Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S
JB 2324 1551 2324 213 161 22 41 46 103 1119 1316 7474
LB(20) 30.176 16.891 30.176 14.861 15.96 34.612 17.261 18.165 21.868 22.857 12.598 25.205
(0.067) (0.660) (0.067) (0.784) (0.719) (0.022) (0.636) (0.577) (0.348) (0.296) (0.894) (0.194)
LB2(20) 20.715 7.7196 20.715 27.1 11.289 23.208 17.442 15.377 34.057 13.84 9.6315 4.0524
(0.414) (0.994) (0.414) (0.132) (0.938) (0.279) (0.624) (0.754) (0.026) (0.839) (0.974) (2.000)
Cross Products
LB(20) 35.759 18.383 35.759 23.04 10.169 21.547 20.617 17.154 32.695 28.467 25.252 38.69
(0.016) (0.562) (0.016) (0.287) (0.965) (0.366) (0.420) (0.643) (0.036) (0.099) (0.192) (0.007)*
LB2(20) 1.563 8.6148 1.563 20.079 1.9086 19.582 12.014 18.645 8.1558 1.0599 3.3146 17.162
(1.000) (0.987) (1.000) (0.453) (1.000) (0.484) (0.916) (0.545) (0.991) (1.000) (1.000) (0.642)

* LB(20) and LB2(20) : In the cases where the coefficient is not significant there is only need of adding more lags and the coefficients become fine.

Table 7.8 : Diagnostic Test on EGARCH models
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1995-2006 1995-June 1997 July 1997-1998 1999-2006
Japan
Stock Returns S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
JB 430 475 480 311 344 325 21 6 6 117 116 121
LB(20) 9.2276 8.6475 8.6268 16.402 17.076 15.978 16.731 17.378 17.03 8.9625 8.523 8.4713
(0.980) (0.987) (0.987) (0.691) (0.648) (0.718) (0.670) (0.628) (0.651) (0.983) (0.988) (0.988)
LB%(20) 10.866 9.716 9.737 5.5449 5.6498 6.3459 23.146 24.205 22.168 18.93 17.736 19.115
(0.950) (0.973) (0.973) (0.999) (0.999) (0.998) (0.282) (0.234) (0.331) (0.526) (0.605) (0.514)
Precious Metals Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S
JB 2781 1534 6968 243 153 544 39 45 97 1376 1342 6657
LB(20) 27.825 16.405 35.218 12.619 15.622 33.721 20.218 18.318 22.283 25.213 12.025 28.849
(0.114) (0.691) (0.019) (0.893) (0.740) (0.028) (0.444) (0.566) (0.325) (0.193) (0.915) (0.091)
LB2(20) 21.539 8.4573 4.4437 26.936 11.003 23.237 18.669 14.868 32.204 16.037 10.477 4.5077
(0.366) (0.988) (2.000) (0.137) (0.946) (0.277) (0.543) (0.784) (0.041) (0.714) (0.959) (1.000)
Cross Products
LB(20) 33.738 10.768 20.294 11.086 12.636 18.492 27.736 31.413 17.383 31.802 7.2531 23.996
(0.028) (0.952) (0.440) (0.944) (0.892) (0.555) (0.116) (0.050) (0.628) (0.045) (0.996) (0.243)
LB%(20) 10.352 9.5029 2.8882 10.332 7.7845 8.7577 1.8577 28.343 13.599 16.829 5.3342 5.0117
(0.961) (0.976) (1.000) (0.962) (0.993) (0.986) (0.997) (0.102) (0.850) (0.664) (1.000) (1.000)
UK
Stock Returns S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
JB 134 121 134 8 6 5 2 3 3 160 153 191
LB(20) 25.101 25.353 25.179 30.588 29.142 29.079 44.207 43.167 42.754 14.509 14.687 15.598
(0.198) (0.188) (0.195) (0.061) (0.085) (0.086) | (0.001)* (0.002)* (0.002)* (0.804) (0.794) (0.741)
LB2(20) 22.017 21.648 20.832 27.865 27.058 25.77 16 15.18 15.468 20.023 20.186 17.865
(0.340) (0.360) (0.407) (0.113) (0.134) (0.174) (0.717) (0.766) (0.749) (0.456) (0.446) (0.596)
Precious Metals Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S
JB 2346 1506 6851 205 162 576 40 47 100 1228 1341 6571
LB(20) 25.796 16.71 32.218 14.183 15.63 33.54 17.02 18.572 21.978 23.64 12.64 24.007
(0.173) (0.672) (0.041) (0.821) (0.739) (0.029) (0.652) (0.550) (0.342) (0.258) (0.892) (0.242)
LB2(20) 23.247 7.8685 4.8847 27.823 11.166 22.618 17.839 15.402 32.746 16.328 9.577 4.5703
(0.277) (0.993) (1.000) (0.114) (0.942) (0.308) (0.598) (0.753) (0.036) (0696) (0.975) (1.000)
Cross Products
LB(20) 28.836 18.418 28.298 26.126 32.113 18.233 30.384 17.564 33.568 19.261 10.146 17.756
(0.091) (0.560) (0.103) (0.162) (0.042) (0.572) (0.064) (0.616) (0.029) (0.505) (0.965) (0.603)
LB2(20) 0.5646 4.6775 3.145 7.4426 9.3828 3.4381 13.913 10.767 35.088 0.4486 3.6424 1.0646
(1.000) (1.000) (1.000) (0.995) (0.978) (1.000) (0.835) (0.952) (0.020) (1.000) (1.000) (1.000)

*LB(20) and LB2(20) : In the cases where the coefficient is not significant there is only need of adding more lags and the coefficients become fine.

Table 7.9 : Diagnostic Test on EGARCH models
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1995-2006 1995-June 1997 July 1997-1998 1999-2006
us
Stock Returns S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver S-Gold S-Platinum S-Silver
JB 337 329 331 51 46 48 70 71 68 111 100 101
LB(20) 22.048 22.029 21.982 18.31 18.501 18.704 25.988 26.26 25.684 17.305 17.883 17.85
(0.338) (0.339) (0.341) (0.567) (0.554) (0.541) (0.166) (0.157) (0.177) (0.633) (0.595) (0.597)
LB%(20) 8.9215 9.2453 9.0978 12.776 12.044 11.171 8.9561 8.7364 8.5482 12.368 13.148 13.267
(0.984) (0.980) (0.982) (0.887) (0.915) (0.942) (0.983) (0.986) (0.986) (0.903) (0.871) (0.866)
Precious Metals Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S Gold-S Platinum-S Silver-S
JB 3001 1517 7235 251 152 609 37 45 103 1572 1401 7027
LB(20) 27.854 16.563 34.539 12.502 16.456 33.714 19.088 18.197 22.196 24.768 12.623 25.78
(0.113) (0.681) (0.023) (0.898) (0.688) (0.028) (0.516) (0.574) (0.330) (0.210) (0.893) (0.173)
LB2(20) 22.127 8.0428 4.4506 27.581 11.041 22.563 17.664 15.109 32.826 15.463 9.6617 43131
(0.334) (0.992) (1.000) (0.120) (0.945) (0.311) (0.610) (0.770) (0.035) (0.749) (0.974) (1.000)
Cross Products
LB(20) 29.197 31.565 25.183 25.592 15.089 27.501 15.928 18.306 18.816 20.021 41.159 29.886
(0.084) (0.048) (0.195) (0.180) (0.771) (0.122) (0.705) (0.567) (0.534) (0.457) (0.004)* (0.072)
LB%(20) 6.2807 37.927 4.2465 16.484 7.6088 91.607 11.712 4.6055 9.3534 3.3659 109.65 2.5813
(0.998) (0.009)* (1.000) (0.686) (0.994) (0.000)* | (0.926) (1.000) (0.978) (1.000) (0.000)* (1.000)

* LB(20) and LB2(20) : In the cases where the coefficient is not significant there is only need of adding more lags and the coefficients become fine.
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APPENDIX H

PRECIOUS METALS MAREKTS AND THE ASIAN CRISIS

Table 8.1: Descriptive Statistics Precious Metals Returns

Mean SD Skewness Kurtosis JB
1995- July 2007
Gold 0.000168 0.0086 0.1096 10.2094 7112
Palladium 0.000258 0.0215 0.0967 9.6825 6110
Platinum 0.000345 0.0134 -0.6478 19.2013 36113
Silver 0.00029 0.0173 -0.6922 12.8068 13410
1995-June 1997
Gold -0.00021 0.0044 0.3319 6.4210 329
Palladium 0.000312 0.0164 1.0173 11.9374 2275
Platinum 4.91E-05 0.0101 2.3290 33.2392 25353
Silver -7.95E-05 0.0143 0.6299 10.4756 1557
July 1997-1998
Gold -0.00038 0.0072 -0.0111 3.9738 15
Palladium 0.001321 0.0275 0.2410 6.2832 180
Platinum -0.00048 0.0149 -0.1976 4.4165 35
Silver 0.000173 0.0183 0.2691 6.1449 166
1999-July 2007
Gold 0.000374 0.0097 0.0639 9.0372 3399
Palladium 4.64E-05 0.0217 -0.0873 9.8476 4373
Platinum 0.000569 0.0139 -1.0661 20.4116 28681
Silver 0.000419 0.0179 -1.0660 13.9877 11677

Table 8.2: Augmented Dickey-Fuller Test

1995-July 2007 1995-June 1997 July 1997-1998 1999-July 2007
Precious Metals
Gold -14.11* -12.34* -44.47* -63.55*
Palladium -25.69* -4.97* -10.44* -8.16*
Platinum -18.08* -5.03* -16.26* -19.18*
Silver -18.37* -14.62* -36.78* -53.698

*1% significance level

Table 8.3: Likelihood Ratio Precious Metals

Precious Metals 1995-July 2007 1995-June 1997 July 1997-1998 1999-July 2007
Gold-Palladium 29.68** 0.77* 0.31* 96.43**
Palladium-Gold 1.83* 13.64** 34.95** 0.00*
Gold-Platinum 28.16** 0.39* 0.34* 75.14**
Platinum-Gold 4.00* 2.22* 0.84* 5.28*
Gold-Silver 32.1** 1.99% 1.04* 79.41*%*
Silver-Gold 116.15** 20.43** 2.10* 28.29**
Palladium-Platinum 6.14** 0.01* 16.35** 1.43*
Platinum-Palladium 1.01* 3.48* 1.02* 0.17*
Palladium-Silver 2.13* 15.74** 45.33** 1.19*
Silver-Palladium 99.39** 23.22** 1.92* 10.82**
Platinum-Silver 3.16* 0.10* 0.01* 1.57*
Silver-Platinum 104.84** 20.63** 2.2* 25.01**

. L 2 . .
*Note: Ho: EGARCH (1,1)*, Hi: EGARCH(2,1)** The 5% critical value for the LR test distributed as } ~ with 2 degrees of freedom is 5.99.
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Table 8.4: Diagnostic on EGARCH residuals: 1995-July 2007

Precious Metals Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver
JB

LB(20) 27.689 26.788 25.015 65.144 56.077 16.978
(0.117) (0.141) (0.201) (0.000) (0.000) (0.654)
LB2(20) 20.252 20.717 15.466 3.1955 3.8736 12.796
(0.442) (0.414) (0.749) (1.000) (1.000) (0.886)

ARCH-LM 0.93 0.95 0.72 0.16 0.19 0.60

(0.55) (0.53) (0.81) (1.00) (1.00) (0.92)

Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum
JB

LB(20) 60.22 17.823 27.532 17.105 26.806 27.562
(0.000) (0.599) (0.121) (0.646) (0.141) (0.120)
LB?(20) 4.2919 6.0518 7.151 7.7502 7.8512 7.5869
(2.000) (0.999) (0.996) (0.993) (0.993) (0.994)

ARCH-LM 0.21 0.30 0.35 0.38 0.39 0.37

(1.00) (1.00) (1.00) (0.99) (0.99) (0.99)

Cross Products

LB(20) 80.705 25.096 23.581 3.4841 33.653 22.614
(0.000) (0.198) (0.261) (1.000) (0.029) (0.308)
LB2(20) 91.473 21.068 1.3085 0.0365 2.3852 1.3525
(0.000) (0.383) (1.000) (1.000) (1.000) (1.0000

Table 8.5: Diagnostic on EGARCH residuals: 1995-June 1997

Precious Metals Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver
JB

LB(20) 14.64 15.21 10.73 13.31 15.79 12.56
(0.797) (0.764) (0.953) (0.864) (0.730) (0.895)

LB2(20) 19.08 18.47 26.22 7.29 5.57 10.06
(0.516) (0.557) (0.159) (0.996) (0.999) (0.967)

ARCH-LM 0.92 0.97 1.22 0.35 0.32 0.56
(0.57) (0.50) (0.23) (1.00) (1.00) (0.94)

Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum
JB

LB(20) 15.62 21.60 29.44 13.28 28.30 29.27
(0.740) (0.363) (0.079) (0.865) (0.102) (0.083)

LB2(20) 8.25 14.03 22.19 10.03 12.05 22.03
(0.990) (0.829) (0.331) (0.968) (0.914) (0.339)

ARCH-LM 0.38 0.67 1.06 0.62 0.56 1.05
(0.99) (0.86) (0.39) (0.90) (0.94) (0.40)

Cross Products

LB(20) 23.08 21.27 26.48 16.52 27.09 19.69
(0.285) (0.382) (0.151) (0.684) (0.133) (0.478)

LB2(20) 1.27 8.75 1.73 0.52 24.20 2.99
(1.000) (0.986) (1.000) (1.000) (0.234) (1.000)
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Table 8.6: Diagnostic on EGARCH residuals: July 1997-1998

Precious Metals Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver
JB
LB(20) 18.86 18.18 19.62 45.89 48.51 15.93
(0.531) (0.576) (0.482) (0.001) (0.000) (0.721)
LB2?(20) 17.91 18.06 17.03 53.04 74.09 17.20
(0.593) (0.584) (0.651) (0.000) (0.000) (0.640)
ARCH-LM 1.08 1.07 0.89 2.81 3.48 0.87
(0.37) (0.38) (0.61) (0.00) (0.00) (0.63)
Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum
JB
LB(20) 48.32 25.57 47.38 26.20 25.94 22.74
(0.000) (0.180) (0.001) (0.159) (0.168) (0.302)
LB2(20) 66.18 16.12 41.40 16.33 42.84 42.43
(0.000) (0.709) (0.003) (0.696) (0.002) (0.002)
ARCH-LM 3.35 0.79 1.86 0.80 2.18 2.19
(0.00) (0.73) (0.01) (0.71) (0.00) (0.00)
Cross Products

LB(20) 21.57 31.05 20.15 19.11 37.03 16.99
(0.364) (0.055) (0.449) (0.515) (0.012) (0.654)

LB2(20) 7.42 16.82 23.41 9.10 13.26 16.83
(0.995) (0.665) (0.269) (0.982) (0.866) (0.773)

Table 8.7: Diagnostic on EGARCH residuals: 1999-July 2007

Precious Metals Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver
JB

LB(20) 26.32 26.07 31.23 58.13 49.11 12.73
(0.156) (0.164) (0.052) (0.000) (0.000) (0.889)

LB2?(20) 15.47 15.31 17.83 2.46 3.35 13.12
(0.749) (0.758) (0.598) (1.000) (1.000) (0.872)

ARCH-LM 0.71 0.70 0.85 0.12 0.16 0.60
(0.82) (0.83) (0.65) (1.00) (1.00) (0.92)

Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum
JB

LB(20) 55.36 13.20 16.38 11.58 18.53 18.73
(0.000) (0.869) (0.693) (0.930) (0.553) (0.539)

LB2(20) 3.31 7.82 18.69 9.66 25.91 19.84
(1.000) (0.993) (0.592) (0.974) (0.169) (0.468)

ARCH-LM 0.16 0.35 0.92 0.46 1.25 0.97
(1.00) (1.00) (0.56) (0.98) (0.20) (0.49)

Cross Products

LB(20) 98.53 25.86 36.85 5.95 48.54 24.61
(0.000) (0.170) (0.012) (0.999) (0.000) (0.217)

LB2(20) 63.32 20.15 2.71 0.05 2.70 3.24
(0.000) (0.449) (1.000) (1.000) (1.000) (1.000)

Table 8.8: Diagnostic on GARCH(1,1) residuals: 1995-July 2007
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Precious Metals Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver
JB
LB(20) 27.69 33.22 28.70 29.69 42.73 13.10
(0.117) (0.032) (0.094) (0.075) (0.002) (0.873)
LB2(20) 33.94 27.12 14.62 32.90 343.47 11.77
(0.027) (0.132) (0.798) (0.035) (0.000) (0.924)
ARCH-LM 1.52 1.25 0.73 1.63 18.87 0.58
(0.06) (0.20) (0.80) (0.04) (0.00) (0.93)
Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum
JB
LB(20) 35.53 14.29 21.01 11.34 26.15 14.13
(0.017) (0.815) (0.397) (0.937) (0.161) (0.824)
LB2(20) 5.80 9.46 24.13 16.38 42.36 41.47
(0.999) (0.977) (0.237) (0.693) (0.002) (0.008)
ARCH-LM 0.28 0.45 1.16 0.81 1.90 2.01
(1.00) (0.98) (0.28) (0.71) (0.01) (0.00)
Cross Products

LB(20) 54.97 26.01 17.59 35.29 26.40 40.88
(0.000) (0.165) (0.614) (0.019) (0.153) (0.004)

LB2(20) 4.17 8.14 2.43 15.80 259.36 7.16
(1.000) (0.991) (1.000) (0.729) (0.000) (0.996)

Table 8.9: Diagnostic on GARCH(1,1) residuals: 1995-June 1997

Precious Metals Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver
JB
LB(20) 15.68 14.13 11.79 17.75 17.46 26.43
(0.736) (0.824) (0.923) (0.604) (0.623) (0.152)
LB2(20) 16.91 34.37 16.19 12.78 3.48 9.90
(0.659) (0.024) (0.705) (0.887) (1.000) (0.970)
ARCH-LM 0.82 1.56 0.84 0.60 0.17 0.80
(0.70) (0.06) (0.66) (0.91) (1.00) (0.72)
Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum
JB
LB(20) 16.14 23.45 20.63 20.18 32.23 13.13
(0.708) (0.267) (0.420) (0.447) (0.041) (0.872)
LB2?(20) 3.34 12.81 13.65 7.74 12.05 15.78
(1.000) (0.886) (0.848) (0.993) (0.915) (0.730)
ARCH-LM 0.14 0.59 0.69 0.39 0.59 0.81
(1.00) (0.92) (0.84) (0.99) (0.92) (0.71)
Cross Products

LB(20) 18.51 15.90 12.25 26.34 34.63 25.76
(0.554) (0.723) (0.907) (0.155) (0.022) (0.174)

LB?(20) 0.98 20.68 2.93 7.86 27.24 10.79
(1.000) (0.426) (1.000) (0.993) (0.129) (0.951)

Table 8.10: Diagnostic on GARCH(1,1) residuals: July 1997-1998
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Precious Metals Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver
JB

LB(20) 17.52 15.63 29.36 32.97 27.66 10.52
(0.619) (0.739) (0.081) (0.034) (0.118) (0.958)

LB2(20) 20.43 18.10 15.72 27.52 19.36 17.49
(0.431) (0.581) (0.734) (0.121) (0.499) (0.621)

ARCH-LM 0.96 0.83 0.78 1.94 1.18 0.93
(0.51) (0.67) (0.74) (0.01) (0.27) (0.55)
Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum
JB

LB(20) 31.28 12.36 37.79 18.23 20.57 20.78
(0.052) (0.903) (0.009) (0.572) (0.423) (0.410)

LB2(20) 17.86 17.12 36.42 18.52 38.63 42.89
(0.597) (0.645) (0.014) (0.553) (0.007) (0.002)

ARCH-LM 1.02 0.89 1.85 1.09 1.93 2.20
(0.43) (0.60) (0.02) (0.35) (0.01) (0.00)
Cross Products

LB(20) 17.95 31.83 17.82 19.16 39.29 14.46
(0.591) (0.045) (0.600) (0.512) (0.006) (0.806)

LB2(20) 17.14 56.48 16.33 22.09 6.33 11.82
(0.644) (0.000) (0.696) (0.336) (0.998) (0.922)

Table 8.11: Diagnostic on GARCH(1,1) residuals: 1999-July 2007

Precious Metals Gold-Palladium Gold-Platinum Gold-Silver Palladium-Platinum Palladium-Silver Platinum-Silver
JB

LB(20) 26.65 31.54 25.98 24.98 36.47 11.57
(0.145) (0.048) (0.166) (0.202) (0.014) (0.930)

LB2(20) 7.48 11.02 18.71 22.84 2.86 13.58
(0.995) (0.946) (0.541) (0.297) (1.000) (0.851)

ARCH-LM 0.35 0.51 0.89 1.10 0.14 0.80

(1.00) (0.96) (0.60) (0.34) (1.00) (0.72)

Palladium-Gold Platinum-Gold Silver-Gold Platinum-Palladium Silver-Palladium Silver-Platinum
JB

LB(20) 35.49 10.93 13.28 13.82 29.04 7.73
(0.018) (0.948) (0.865) (0.839) (0.087) (0.993)

LB?(20) 3.32 11.39 19.40 23.43 19.72 20.80
(1.000) (0.935) (0.496) (0.268) (0.476) (0.409)

ARCH-LM 0.16 0.63 0.95 131 1.01 1.06

(1.00) (0.90) (0.52) (0.16) (0.45) (0.38)

Cross Products

LB(20) 78.75 28.98 14.22 37.47 22.99 23.75
(0.000) (0.088) (0.819) (0.010) (0.290) (0.253)

LB2(20) 24.41 18.33 2.99 17.05 8.02 5.01
(0.225) (0.566) (1.000) (0.650) (0.992) (1.000)
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APPENDIX |

PRECIOUS METALS MARKETS, EQUITY MARKETS AND OIL PRICES

Figure 1: Crude Brent Oil & Crude Oil - WTI Spot Cushing
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Table 9.1: Descriptive Statistics

GOLD SILVER PLATINUM DOW FTSE NIKKEI BRENT
Mean 0.000243 0.000356 0.000445 0.000349 0.000198 -0.000101 0.000570
Std. Dev. 0.008931 0.017309 0.013689 0.010342 0.010788 0.013954 0.022474
Skewness -0.105000 -0.534531  -0.627836  -0.247420  -0.198963  -0.084421  -0.113218
Kurtosis 10.204 1.073 1.785 7.452 6.113 5.161 6.172
Jarque-Bera 7519 8837 32155 2905 1426 680 1464
Table 9.2: Unit Roots
GOLD SILVER PLATINUM DOW FTSE NIKKEI BRENT
ADF -58.18* -13.04* -13.13* -43.14* -14.71* -43.77* -21.87*

*1% significance level.

Table 9.3: Precious Metals Break Points*

Gold Series

Silver Series

Platinum Series

May 9, 1995
December 29, 1995
March 1, 1996
December 31, 1996
March 4, 1997
May 16, 1997
July 2, 1997
October 9, 1998
September 17, 1999
October 5, 1999
December 8, 1999
February 2, 2000
February 8, 2000
July 19, 2000
January 26, 2001
March 13, 2001
May 17, 2001
September 7, 2001
September 18, 2001
January 31, 2002
August 8, 2002
January 31, 2003
July 22, 2004
December 5, 2005
May 5, 2006
October 3, 2006
November 1, 2007
March 3, 2008
March 17, 2008

March 29, 1995
May 9, 1995
October 2, 1995
December 2, 1996
December 8, 1997
December 16, 1997
May 29, 1998
March 15, 1999
September 27, 1999
September 30, 1999
June 21, 2000
January 1, 2001
May 14, 2001
August 14, 2002
July 14, 2003
January 2, 2004
April 12, 2004
May 10, 2004
March 8, 2005
December 5, 2005
April 14, 2006
June 14, 2006
October 3, 2006
February 25, 2008
March 19, 2008

March 27, 1995
May 9, 1995
March 4, 1996
February 11, 1997
May 28, 1997
August 24, 1998
September 21, 1998
December 10, 1998
December 18, 1998
January 22, 1999
January 27, 1999
September 23, 1999
November 18, 1999
January 26, 2000
February 29, 2000
August 7, 2000
July 13, 2001
October 16, 2001
June 3, 2001
April 9, 2004
May 17, 2004
December 7, 2004
October 28, 2005
May 5, 2006
June 19, 2006
October 30, 2006
November 16, 2006
November 21, 2006
March 14, 2007
September 26, 2007
November 15, 2007
January 22, 2008

*Break points calculated using the ICSS algorithm for each of the series.
The ICSS algorithm for the individual series overestimate the number of
points where sudden changes in volatility occur.

312



Interlinkages between Equity, Currency, Precious Metals and Oil Markets: an Emphasis on Emerging Markets

Table 9.4: Stock and Oil Markets Break Points

Stock and Oil Markets Break Points*

Dow Jones Industrials

FTSE 100

Nikkei 225

Crude Oil Brent

December 14, 1995
January 8, 1996
November 29, 1996
October 14, 1997

March 7, 2002

October 18, 2002
January 4, 2003

May 13, 2003
May 17, 2005
June 7, 2007

May 28, 1995
July 31, 1998
September 10, 1998
January 21, 1999
December 31, 1999
February 6, 2000
November 9, 2000
April 9, 2001
September 21, 2001
December 7, 2001
June 10, 2002
October 16, 2002
January 23, 2003

October 2, 1995
December 3, 1996
January 30, 1997
October 20, 1997
January 15, 1998
August 25, 1998
November 3, 1998
February 27, 2001

April 17, 2001

March 19, 2002
December 16, 2002
December 8, 2004

April 12, 2005

July 3, 1995
December 29, 1995
December 13, 1996

January 22, 1998
March 16, 1999
March 3, 2000

February 13, 2001

September 12, 2001
January 16, 2002
November 29, 2004

January 12, 2005

May 13, 2005

April 7, 2003 November 29, 2005

July 11, 2003 August 15, 2006
August 13, 2003 July 25, 2007

April 28, 2006 January 14, 2008

June 14, 2006
February 23, 2007
March 14, 2007
July 16, 2007

*Break points calculated using the ICSS algorithm for each of the series. The ICSS algorithm for the individual
series overestimate the number of points where sudden changes in volatility occur, same situation was found
in the case of the precious metals indices. Another problem is that each series are presenting a different number
of break points that happened at different days during the period of analysis, therefore and in order to get a common
number of break points we we decide to use the standardized residuals of the GARCH(1,1) (equation 9) that will
allow us to get the appropriate number of break points to improve our variance equation (equation 10).

Table 9.5: GARCH(1,1) Residuals Break Points*

Gold-Dow Jones Ind.-Brent Gold-FTSE 100-Brent Gold-Nikkei 225-Brent

March 28, 1995 (obs.63) March 28, 1995 (obs.63) March 28, 1995 (obs.63)
March 29, 1995 (obs.64) March 29, 1995 (obs.64) March 29, 1995 (obs.64)
December 30, 1995 (obs.522) August 15, 1995 (0bs.163) December 30, 1995 (obs.522)
May 28, 2001(obs.1672) November 2, 1995 (obs.220) May 28, 2001 (obs.1672)
September 5, 2001(obs.1744) February 29,1996 (obs.305) September 5, 2001 (obs.1744)
September 12, 2001(obs.1749) July 31, 1996 (obs.414) September 10, 2001 (obs.1747)

December 12, 1996 (0bs.522)

Silver-FTSE 100-Brent Silver-Nikkei 225-Brent
September 29, 1999 (0bs.1239)  September 29, 1999 (obs.1239)
July 5, 2001 (0bs.1657) May 7, 2001 (obs.1657)
July 4, 2003 (0bs.2221) July 7, 2003 (0bs.222)
Platinum-FTSE 100-Brent Platinum-Nikkei 225-Brent

Silver-Dow Jones Ind.-Brent
September 29, 1999 (obs.1239)
May 7, 2001 (obs.1657)

July 7, 2003 (0bs.2222)
Platinum-Dow Jones Ind.-Brent

May 31, 1996 (obs.371) May 31, 1996 (obs.371)
February 10, 1997 (obs.552) February 10, 1997 (obs.552) February 10, 1997 (obs.552)
August 27, 2002 (0bs.1998) August 27, 2002 (obs.1998) August 27, 2002 (obs.1998)

May 31, 1996 (obs.371)

*The ICSS algorithm using the GARCH(1,1) standardized residuals have the advantage of reducing the number of
Points where sudden changes in volatility occurs and also have the quality of providing a common break point for our
mean equation, allowing us to reduce the number of dummy variables that should be introduce in the GARCH(1,1)
variance equation..
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Figure 4. GARCH (1.1) Gold- Dow Jones Industrials-Brent

Figure 5: GARCH (1.1) Gold- FTSE 100-Brent
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Figure 6: GARCH (1.1) Gold- Nikkei 225-Brent

Figure 7: GARCH (1,1) Silver-Dow Jones Industrials-Brent
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Figure 8: GARCH (1.1) Silver- FTSE 100-Brent Figure 9: GARCH (1.1) Silver-Nikkei 225-Brent
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Figure 10: GARCH (1.1) Platinum- Dow Jones-Brent

Figure 11: GARCH (1.1) Platinum-FTSE 100-Brent
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Figure 12: GARCH (1.1) Platinum-Niklcei 225-Brent
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