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ABSTRACT

The Effect of Currency Movements on Stock Markéd®cember 2005)
Tatevik Zohrabyan, B.S., Armenian Agricultural Aeaay

Chair of Advisory Committee: Dr. David A. Bessler

This paper uncovers the relationship between stoakets and exchange rates
in seven countries by employing stable aggregateray (SAC) for the period of 1973-
2004. Ordinary Least Squares (OLS) regression, sienes methods, and directed
acyclic graphs are applied to the daily data onkstoarket indices and exchange rates.
The findings based on regression analysis showett@tange rate exposure of stock
markets is statistically significant when stockerds in SAC are used. Using an
innovation accounting technique, we confirm thatktmarkets and exchange rates are
correlated. Moreover, in most cases stock marketsn@re exogenous than foreign
currency markets, which explains the relativelyhhigrcentage of uncertainty in the
foreign currency market. Overall, SAC-based modale relatively more accurate and
robust results than those which employ stock irgdindocal currencies, because it is

more accurate to convert both variables into timesdenominator.
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CHAPTER |

INTRODUCTION

Recently there has been some evidence questidmngfficiency of stock
markets. Theoretically, the efficiency of stock kets suggests that all information
known by market participants is already includedtock prices. Stock markets
represent the properties of a random walk, whigiyest that there is no predictable
pattern in daily returns. Returns change depenoimtie daily news, events, economy,
etc. However, after careful examination of the ktoarket data and macroeconomic
variables on the economy in general, researchers g8 have some doubts that the
stock market cannot be predicted or explained bgrotariables (Campbell and Ammer,
1993). Markets have changed over time. Forty tg fiears ago, stock market
participants were primarily individual investorgiwm about 80% of participation is by
institutional investors who are interested in conipsa’ performances over time, short-
term gains, etc. (Yaes and Bechhoefer, 1989).

Various macroeconomic variables have been includeabdels of stock market
behavior, among which money supply, inflation, it rates, price level, and exchange
rates are most commonly used. Moreover, it has bbent two decades since the
relationship between exchange rates and stock nsaokeame an important new area

for researchers to investigate.

This thesis follows the style and format of thmerican Journal of Agricultural Economics



The fact that exchange rates are at least a fegstmore volatile than inflation
justifies increasing interest by academics as aglhvestors in general. Although
exchange rates are much more volatile, most resear ailed to find any causal effect
on stock market fluctuation (the causal effecttbieo macroeconomic variables might
be very critical for stock market fluctuations; hewer, it is beyond the scope of the
objective of this thesis).

A few studies found a weak relationship betweeneefinancial markets,
which was justified theoretically in two differeways. One of the causal relationships
arises when “the expected value of the currendyenices domestic and foreign interest
rates, which in turn affects the present value fofna's assets (Nieh and Lee, 2001).”
Eventually, the economy as a whole is affectedXmhange rate movements. Secondly,
currency value determines the foreign sales of @igs. For example, a decrease in
the value of the domestic currency relative toifpreurrency intensifies domestic
exports, which promotes the competitiveness of dmimeompanies in the market. As a
result, a company’s share value increase, follolyedn increase in foreign investments.
Consequently, aggregate stock market values vaitkizse. The theoretical and empirical

analyses on this matter have been investigateddryoenists for over two decades.

! Only the companies that have both foreign and domestic selesfarenced. However, the domestic
firms might be affected by the exchange rate fluctuationgiptices of inputs, outputs, and demand for
their product is influenced by currency movements.



1.1 Problem Statement

Because both foreign currency markets and stocketeare important
indicators of economy-wide performance, much aitbe@rttas been given to modeling
both markets. Specifically, several studies haeeded on the relationship between
exchange rates and stock markets with some additcamtrol variables. Their results
support the evidence that exchange rates and stadkets are weakly correlated to each
other, which implies that exchange rates are nefulisools to predict stock market
movements. Conversely, few studies have suggestédtock markets cause exchange
rate movements (i.e. unidirectional causality fretiack markets to exchange rates).
Overall, empirical investigations found in the l@gg&ure show considerable heterogeneity
with respect to the type of exchange rate studieichoice of the base currency,
additional control variables, and method of analyssiot surprisingly, various results
have been found.

The choice of the base currency plays a crucial iroestimating the exchange
rate exposure. The majority of the researchers esldr the US dollar or other
countries’ currencies, or a trade-weighed exchaatgeindex as a base currency. Use of
a particular country’s currency as the base suffera currency fluctuations indicating
a high exchange rate risk. For example, if US$igarsed as an exchange rate where
the US dollar is the base currency, then changtigen will be reflected only against
the US dollar, which is perhaps different from #utual change of yen on a global basis
(against some stable value). Conversely, the twaelghted exchange rate index, which

is computed based on exchange rates at some finpdntions, is more stable compared



to the individual currencies. Each country’s tatatle with the US (US dollar is a base
currency) indicates the proportion of that par@cudurrency’s weight in the exchange
rate index. Consequently, the weights of the cuiesnwill change due to the changes of
i country’s trade ratio with the US over time. Aeeault, the value of the trade-
weighted exchange rate index will change. All thevpus studies used models where
stock market prices or indices were in local cucies, while exchange rates were
denominated in some basket or individual curreiitys creates a mismatch between the
right-hand-side and left-hand-side variables, #naviding spurious results. Both the
exchange rate and stock market index encompassiegehate risk, which minimizes
the volatility if the exchange rate term createsiabalanced model. In addition, the
problem of exchange rate volatility is associatéith @chieving a minimum volatility for
both terms.

The International Monetary Fund (IMF) created tipe&al Drawing Rights
(SDR), which is a basket or aggregate of key irgonal currencies to address the
problem of exchange rate volatility. The SDR mirses the effects of volatilities of
comprised currencies on the SDR aggregate by cangbihem at some fixed
proportion. This aggregate (SDR) was proposed terntize exchange rate movements
more stable over time. The goal of stable exchaatgs is to facilitate more stable cash
flows from international transactions, and therefdo reduce the need to hedge
exchange rate risk. Foreign investments would becoore intense once there is
reduced exchange rate risk. Multinational corporetiwith numerous branches are also

sensitive to the volatility of exchange rates. Suchatility creates an extra obstacle in



predicting future cash flows. It is of great int&réo be able to decrease volatility and
make more accurate predictions about business topesa

In 2003 a new basket of currencies, called thdestaipgregate currency (SAC),
was proposed by Hovanov et al. (2003). SAC is simid SDR, as it is comprised of
several key international currencies. Through eicgdianalyses, they found that the
SAC is both stable over time and not highly cotetlavith the key international
currencies included in the basket. As countriek sestabilize exchange rates
movement, utilization of SAC would be a worthwhaleenue for consideration.

Because studies investigating the relationship éetwexchange rates and stock
market values have employed mostly volatile exclkaates, results are perhaps
spurious. According to some studies, exchange eatenot correlated with stock market
returns. Others supported the evidence of wealelations. This result may be because
of the double exchange rate risk included bothanlsmarket returns and exchange rate

terms.

1.2 Objective

This study examines the effect of currency movementstock markets by
employing the SAC. Unlike previous studies, botitktmarket indices and exchange
rates are denominated in the same basket of cyr(&AC) in order to minimize the
exchange rate risk and have an accord in a modiézdtion of the SAC will give
precise estimation of the relationship betweerettehange rates and the stock markets

for the period January 1973 to November 2004. tireoto attain the main objective, rate



of return in stock price indices and rates of nefarexchange rates are analyzed by both
OLS regression and more sophisticated time sergthads. In addition, causality will
be examined through Directed Acyclic Graphs (DAG).

A couple of supporting models are used in the stkdgt, rates of return in stock
index prices are regressed on the rates of retuthecorresponding exchange rates
with both series converted into SAC. Second, ratesturn on stock index prices in
local currencies with the same control variablesused to compare the difference
between the results based on the utilization of SA@rd, rates of return of all the
exchange rates (in this study it is seven) in SACused as control variables with the
same rate of return on stock index prices in SAgurth, rates of return on stock index
prices in local currencies are regressed on the sgoup of control variables. After the
regression models, a cointegration test will bdiagdgo determine the long run

relationship and the bidirectional causality betw#e above mentioned series.

1.3 The Relationship between the Previous Studies@This Thesis

Most prior studies have found non-significant exfpe rate exposures that are
either negative or positive due to the differentespecifications or time horizons used
by the studies. On the other hand, significant empmwas found by some researchers.
Some studies have also observed no relationshigeleetthe two variables. Omission of
some important macroeconomic variables has accddiotehe non-significant exposure
estimates. Financial derivatives, used by mostdiwith both domestic and

multinational natures, helped to reduce their eisgosure. This risk reduction is already



reflected in their stock prices, which concealstthe exchange rate exposure of firms.
This fact accounts for the insignificance of theleange rate exposure estimate (Chow
et. al., 1997). In general, currency fluctuatiorestter so much that the results can
change significantly.

By employing SAC, which is very stable over timér(ast fixed), our analysis
reveals that exchange rates have significant negaffects on stock markets. Because
the exchange rates are presented as the locahcigsger SAC, the depreciation of a
local currency indicates an increase of the exchaatp. Therefore, a negative exposure
coefficient along with an increased exchange ralldead the stock markets to fall in
value instantaneously, perhaps due to the indatett of interest rates and
exports/imports. Exchange rate exposure coeffisiarg different from zero and
actually, they are near -1 when rates of returstook index prices are converted into
SAC. In addition, very high coefficients of detemaiion (R) result from the utilization
of SAC. On the other hand, when rates of returrstadfk index prices are in local
currencies, most exposure coefficients are noffgigntly different from zero, yielding
low R%. The direction of the contemporaneous relationbkigveen the two variables is
not systematic in these cases (models based adrclacancies).

In addition to the results on a daily basis, monttdta has been employed to test
the sensitivity of the exposure coefficients to tinge horizon. Results show that
monthly data doesn’t yield robust results, periarsause monthly data averages out the

daily high-low volatility, leaving relatively smoleér volatilities in both series.



The remainder of this thesis is organized as fatoBhapter Il discusses the
literature review. The data and methodology alorth the models are outlined in
Chapter Ill. Chapter IV introduces the results base both OLS regression and time

series analyses. Chapter V contains conclusiong aoudnmary.



CHAPTER I

LITERATURE REVIEW

A large number of researchers have focused on istgdlye interactions between
the financial markets. Recently, the research aanagon has shifted to studying the
relationships of two highly volatile financial mats: the stock markets and the foreign
currency markets. Results vary from study to stinyyever, the majority of them falil
to show significant causal relationship betweenttéee The analyses were expanded to
the firm/industry level, which had no effect on th&comes. Macroeconomic variables,
such as the interest rates, the inflation rateptbeey supply, etc., were added to models
that included only stock markets and exchange radggassess the effect of the
exchange rates on stock markets and vice versa.tdtidid not render a sizable change

in the outcomes.

2.1 The Relationships between Stock Markets and Ekange Rates

For the past few decades, the relationship betwgehange rates and stock
markets has been given much attention in the adadaenature. Studies have
attempted to determine how one financial marketgradict the others and vice versa.
Several studies found that stock markets and exgheates are strongly correlated.
However, the results are not robust across spatitias. For instance, Aggrawal (1981)
used monthly U.S. stock prices and effective exgbaates for the period from 1974 to

1978. The study attempted to determine the relshignbetween changes in stock
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indices and changes in dollar exchange rates untleating exchange rate regime. The
results show that stock prices and U.S. exchartge eae positively correlated and
stronger over a short term horizon than over a tengm horizon. Conversely, Soenen
and Hannigar (1988), using monthly stock pricesdrfl effective exchange rates for
the period from 1980 to 1986, noted that stockgwiand the value of the U.S. dollar are
negatively correlated. Using monthly data on stagkes and exchange rates for nine
developed countries, Solnik (1987) showed thatetgation of currency has a positive,
yet insignificant, impact on the U.S. stock prices.

Interestingly, stock markets are also claimed tim@mce foreign currency
markets. Moreover, it is one of the most import@gterminants of exchange rate
movements (Babarumshah et al. (2002)). This na@onsistent with studies that
showed the existence of unidirectional causaliynfistock markets to the exchange
rates (Ibrahim (2000), Bahmani-Oskooee and Sohmgli@92), and Qiao (1997)).

Trade flows, the type of the economy, the monesgstem, and time horizons,
as well as other variables seem to affect theioslstip between stock markets and the
exchange rates. Ma and Koo (1990) demonstratef tthet economy is export-oriented,
then the appreciation of the domestic currency nétjatively affect the domestic stock
price movements. The stock price movements of gooitroriented economy would be
positively affected by the appreciation of the dstiwecurrency. Employing monthly
data from nine leading Asian markets for the pefroch January 1980 to June 1998,
Mohsin and Amare (2000) found that whether stodkgsrare negatively or positively

impacted by the exchange rates depends on théhtinmon, trade flow elasticity, and
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the underlying monetary system. In terms of thestimarizon, they offer that in the
short-run depreciation of a currency negativelget the economic activity and stock
market returns through the outflow of financialoesces. Conversely, the impact in the
long run is positive as the depreciation promoigmés that improve stock markets.
Johnson and Soenen (2004) uncover the effectsSfdduity markets on the
value of the U.S. dollar, which in turn determindsether U.S. equity investments for
foreign investors change depending on the U.Sadollanges. Their data, covering the
period from 1971 to 2002, is comprised of dailyervations of the stock market index
(S&P 500) and seven foreign currency values ofit®& dollar* To determine the
contemporaneous or lead/lag relationship betweestihck market index and the
exchange rate (FC/US$), the Geweke feedback memseneployed. The findings
show that the significance of the exposure estisnalb@nges for each U.S. dollar
structural change (i.e. strong or weak U.S. dgdnod). Moreover, weak and non-
consistent relationships during weak dollar periodsvery strong positive relationships
between S&P 500 and the dollar value exist durtrang dollar periods. This notion
confirms that non-domestic investors in the U.8clstmarket face compounding
exchange rate risks. Overall, in contemporaneons, tstock market movements and the

exchange rate changes are correlated with each étbeever, no lagged effect exists

%2 Those seven currencies used in Johnson and Soenen &6@4¢ British pound, Canadian dollar,
French franc, German mark, Italian lira, Japanese yen, arss $amnc.

% Both restricted and unrestricted equations have been uséevieke feedback measure estimation. The
former one is expressed by the regression equations stoekemarket index is regressed on exchange
rate changes and the lagged value of the stock market indkxica versa. The latter case includes few
assumptions associated with the OLS regression.
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between the U.S. stock market and the value of/t&e dollar, which confirms no
unidirectional causality (Granger — type causaktyists between the two variables

Bahmani-Oskooee and Sohrabian (1992) studied bithreal causality between
changes of exchange rates and stock prices by gmglthe Granger causality test and
standard (Engle and Granger) cointegration tecl@siqun monthly U.S. stock market
index and effective exchange rates in dollarstiergeriod July 1973-December 1988.
In the short-term horizon, bidirectional causaéyists between exchange rate and the
U.S. stock market index. However, in the long-rilney reported no relationship
between these two variables. Qiao (1997), on therdtand, utilizing daily data on stock
prices and exchange rate relationship for JapangHmng, and Singapore, reported
that in the long run the three countries are styoimgegrated; however, the casual flows
between the stock market and the exchange ratesatire countries differ.

Currencies of many emerging countries are veryisems$o the U.S. dollar,
which explains the instability and high volatiliby their financial markets. Abdalla and
Murinde (1997) examined the relationship betweenksprices and exchange rates for
emerging markets such as India, Korea, PakistahttanPhilippines. Their study covers
the period from 1985 t01994 on a monthly basisngsiointegration techniques, they
suggest that stock prices and exchange rates eldnbirun relationships for all the
countries except Korea. Overall, they reported in@ational causality from exchange
rates to stock prices for all countries exceptRhéippines.

As mentioned above, numerous papers investigatetagonship between

exchange rates and stock market returns. Aimos¢pdirt at least slightly different
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results. Some suggest that exchange rate changiisgly affect stock markets, some
find negative exposure estimates, while some reblegs claim there is no evidence of
impact of exchange rate changes on stock markensetRapp et al. (1999) found that
stock markets and foreign exchange markets ar#éyjafficient. In other words, no long
run relationship exists between these two marketstder to come to this conclusion,
they first used a standard cointegration methddgofor a long run relationship, and
second, for the purpose of accuracy checking, tiseg a bivariate common serial
correlation to detect comovements between the bl@saNeither technique supported
comovements between these two variables, whichestiglgat both markets are jointly

efficient.

2.2 The Relationships between the Firm/Industry Vale and Exchange Rates

In addition to the study of the relationship betwseck markets and exchange
rates, many studies have focused on exchangexposue from a firm’s perspective.
Exchange rates, being one of the major sourcenadrtainty for multinationals, have
not had much attention paid to them by researdmeescommon cause for a firm’s stock
price variation. Jorion (1990) was amongst thd fosempirically examine the exchange
rate exposure of US multinationals or the valuthefU.S. firms. Exposure estimate,
defined as the sensitivity of the firm value on éxehange rate changes, shows how and
in what fashion stock prices are influenced byftireign currency market movements
(Jorion, 1990). Consequently, an increase in vafudomestic currency unfavorably

affects the exports and favorably affects the intgpdhus it has a negative impact on the
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economy. In order to estimate the exposure coefficthe rate of return of the
company’s stock is regressed against the rateafgds of the trade-weighted exchange
rate, where the exchange rate term is presentdnt d$S dollar value of the foreign
currency (US$/FC), such that the decrease in tHard@lue increases the value of a
company’s stock. Data used by Jorion (1990) cotrexperiod from 1971 t01987
including trade-weighted exchange rates and commimuks of compani€sOnly
companies with no missing data are consideredjipigla total of 287 U.S.
multinationals with and without foreign operatiohsaddition to the classic exposure
model that has only exchange rates as a contrigblar an alternative model is
examined. In the latter model, Jorion (1990) addg the value-weighted market index
as an additional control variable. Overall, theasyre coefficients from both models are
highly correlated. Jorion (1990) found that theréegof a firm’s foreign involvement
positively affects the exposure estimates. On therdhand, domestic firms without
foreign operations have very similar exposures.r@lghere is little support that the
exchange rate changes systematically influencd gtiaces of U.S. firms.

Similarly, Glaum et al. (2000) attempted to answhy previous studies failed
to show statistically significant firm exposureexchange rate movements. Using daily
data on stock returns of German corporations amdhianges of the exchange rate of
Germam mark per U.S. dollar (DM/U.S.) for periodrfr 1974 t01997, Glaum et al.

(2000) investigated the effect of the U.S. dollarGerman corporations. The total time

* The total period is divided into three separate sub-sapgiods which are 1971-1978, 1976-1980, and
1981-1987.
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period is divided into three sub-sample periodstikle movement of the U.S. dollar
against the German mark. Glaum et. al. (2000) aseekposure model introduced by
Jorion (1990), only they used orthogonolized exgearate returns. Results, based on
the total period, show that about 55% of the filmage significant positive exposure
supporting the evidence that German firms are fgraffected by the depreciation of
the German mark and the vice versa. However, joarsg¢e sub-periods the results are
unstable and more difficult to economically inteipin other words, Glaum et al.
(2000) found that depending on the time horizom{seriods or full period), the results
change, but overall, no systematic exposure effastfound. The results are unstable

over time which might be explained by the omissddbmacroeconomic variables.

2.3 Macroeconomic Variables as Additional Control \riables

The omission of macroeconomic variables was vietwdie the possible
explanation for unsystematic and insignificant hssuResearchers got motivated by this
idea taking also into consideration the macroecaamariables for modeling the
relationship between the stock markets and theamgdnrates.

Bodnar and Gentry (1993) examined the relationbkigveen changes in
exchange rates and industry values. They also ptéehto uncover the effects of
industry characteristics, such as trade ratiosrmattionally-priced inputs, and foreign
investments, on the exchange rate exposure estifitadecontemporaneous relationship
between real asset value and real exchange rexpilisssed by the exchange rate

exposure coefficient, which is usually defined asemsure of the sensitivity of a firm
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value to the exchange rate changes or the cooelagtween the two. In their paper,
Bodnar and Gentry (1993) used monthly data on adetweighted nominal exchange
rate, returns on industry portfolios and returnghannational stock market for U.S.,
Canada, and Japan. For the first two countriesirtiie period extends from January
1979 to December 1988, and for the latter they tisedime period from September
1983 to December 1988. Utilizing a model similadtwion (1990), where the return on
the industry portfolio is regressed against therrebn the nominal stock market and
percentage change in the trade-weighted nomin&laage rate, Bodnar and Gentry
(1993) found that in all three countries, betweend@35 percent of the industries reveal
statistically significant exchange rate exposutee $ign of the exposure is different
depending upon the nature, the size and the formpgnations of the industry. Overall,
exchange rate movements to some extent help tongdatethe industry returns at an
economy-wide level.

The significance of the exchange rate and indws$iocks for industries in five
developed countries is examined in Griffin and £{@001). Using weekly data on
returns for industry, market returns, and exchaatg changes for the U.S., Canada,
U.K, France, Germany, and Japan for the time pdramd January 1973 to June 1997,
they showed that only about 12 industries worldvadeof 300 have great exchange
rate exposure. The analyses are conducted badbe teiassic” regression model
where stock returns are regressed on the exchatgehranges and the alternative one
that includes market returns. In both models, tehange rate variable is expressed as

the value of local currency per foreign currenc¥C(HC). The results show that
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exchange rates are insignificant in explainingwaeations of industry returns. The
results remained the same even after several ggimhs, such as time lengthening,
alternative model specification, and alternativeme definition.

Employing daily closing stock market indices ancefgn exchange rates for the
time period from October 1993 to February 1996 hNiad Lee (2001) examined both
short-run comovements and long-run equilibriumtreteships between stock prices and
exchange rates for each G-7 country: Canada, Fr&erenany, Italy, Japan, the United
Kingdom (U.K.) and the US. All the exchange rates\as-a-vis US dollar (FC/US$).
Both Engle-Granger two steps and the Johansen maxikelihood cointegration tests
are employed to check for the robustness of thdteed heir findings suggest no long-
run equilibrium relationship exists between stookgs and exchange rate. However, in
the short-run the two markets have a one-day predipower in certain countries. For
example, in Italy and Japan stock prices negativeélyence the exchange rates with a
one-day lag, while in Canada, the U.K. and Gernexthange rates lead the stock
markets with one-day lag. Interestingly, stock netsland exchange rates are
significantly uncorrelated in the United State®ath short-run and long-run horizons.
Overall, for each G-7 country stock market movermemé independent of foreign
currency movements in the long run and neitheheftivo has predictive power over the
other in the long run.

Monthly trade-weighted exchange rate indices atutme on portfolios for the
time period from January 1980 to August 1992 arpleyed to determine the foreign

currency exposure of the thirty-nine largest expgrfirms in the U.K.. By regressing
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the return on the portfolio of exporting firms agstithe trade-weighted exchange rate of
pound, Donnelly and Sheehy (1996) demonstratechéesgporaneous relationship
between the two variables. They reported significeagative exposure estimates
associated with the high explanatory power of tloel@eh Moreover, stock prices of the
firms tend to incorporate the exchange rate shaatksn some time lag (i.e. the
exporting firms react to the changes in exchantgesnaith a few-day lag).

Using multiple exchange rates instead of the moaistroonly used trade-
weighted exchange rates, industry and firm levefmgately vs. either industry or firm
level, all the possible firms and industries vsltmationals or large exporting
companies, equally weighted vs. value-weighted etaturns, Dominguez and Tesar
(2001) explored the exchange rate exposure fot emimtries, Chile, France, Germany,
Italy, Japan, the Netherlands, Thailand, and thé.Ohey used weekly returns,
country-specific market portfolio returns, and theountry-specific exchange rates for
the total period from January 1980 to May 1999 litlee sub-samples. The findings
show about 14%-31% of the sample firms and betvidéa-60% of the sample
industries in the eight countries have exchangeaaposure. The sign of the exposure
differs across countries. Overall, Dominguez ansaf€2001) found contemporaneous
relationships between firm values and exchange ratewell as the return on industry
portfolio and the exchange rates in all eight coast

He and Ng (1998) examined the effect of the changezchange rates on the
value of the Japanese multinational corporatiamsddition to the common models

where contemporaneous relationships between theawables is investigated, He and
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Ng (1998) attempted to demonstrate the effect@tdgged exchange rate changes on
the value of the firms under the study. One hundeenty-one Japanese multinational
corporations that satisfy the condition of 10% xjp@rt ratio are employed along with
the Japanese value-weighted market portfolio aeddte of changes in a trade-weighted
exchange rate indeXn order to estimate the exchange rate exposueaate of return
on each corporation’s stock is regressed agaiagtidtie of return on a trade-weighted
exchange rate index at both current and laggedsleard the rate of return on a market
portfolio. The exchange rate is expressed as thesiee of foreign currency such that
depreciation in Japanese yen will favorably aftbetJapanese multinationals by making
the companies more competitive in an internatiomalket. The results show that for the
whole period from January 1979 to December 1993816286% of the multinationals
have significant positive contemporaneous exposwegever, lagged exchange rate
changes have insignificant effect on the stockrnstéor the sample period. The findings
also show that the extent of the exposure depemdseoexport ratio, short-term
liquidity position, and the firm size.

Patro et al. (2002) shed light on explaining thiedeinants and the significance
of the exchange rate exposure for equity indexmstby employing GARCH
specification. Employing weekly world market potiforeturns and the trade-weighted

exchange rate index for 16 OECD countries for #gool from 1980 to 1997, Patro et

® The trade-weighted exchange rate index is commonly usedriy studies including Jorion (1990),
Bodnar and Gentry (1993), He and Hg (2001). Weighted gesraf nine bilateral (in some studies the
number of bilateral exchange rates changes depending on thepcefeof authors) exchange rates,
expressed as Japanese yen value of foreign currency for ysbahada, France, Germany, Italy,
Netheralnds, Switzerland, UK, and US, are taken to conghedtade weighted exchange rate index
where weights represent countries’ trade ratio to tota¢ twdth Japan.
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al. (2002) reported significant time-varying foneigxchange rate exposure, which
changes across countrfel addition, they demonstrate the determinanexcehange
rate exposures. As a result, imports, exports,itcratings, taxes, inflation, and
government surplus all have an aggregate effeth@currency risk exposure.

Only a few period studies reported statisticalgngicant relationships between
exchange rates and stock returns. Attempting testigate how and in what fashion the
exchange rates and bond and stock returns ardatedeChow et al. (1997) regressed
the asset rate of return against the trade-weigitedange rate index, dividend yield or
default premium, and the term premium. In additiarshort-run analysis, an additional
dummy variable is included to increase the explanygbower of the exchange rate
exposure model. For observation period of March7li®7/December 1989, Chow et al.
(1997) claim that in long-run about 50% of the a#dans in stock returns and 20% of the
variations in bond returns are explained by busimesditions. Moreover, bond returns
have significant positive exposure in both the lomg and short-run. On the other hand,
stock returns are more sensitive to the time harized. As a result, in the long-run
stock exposure to exchange rate movement is signiily positive, while there is no
statistically significant correlation between thatin the short-run. Positive exposure
coefficient indicates that the dollar depreciatiah increase the U.S. firms’

competitiveness in the world market and thus valldrably affect the share price of US

® The 16 OECD countries are Australia, Austria, Belgium,a@anDenmark, France, Germany, ltaly,
Japan, Netherlands, Norway, Spain, Sweden, SwitzerlandatdKUS. All the index prices are in their
respective local currency.
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firms. Dividend yield, term premium, and defauleprum all influence temporal

variations of excess returns.

2.4 Time Horizon and Model Structure

To address the importance of model structure aaddturn horizon in the
exchange rate exposure estimates on the stoclkspBoelnar and Wong (2003)
employed monthly data on stock prices/returns dr 9.S. firms, U.S. dollar trade-
weighted indices, other macroeconomic variablestigam market value ($), firms in
portfolio, firm market values, and foreign sales) the period from 1977 to 1996. With
regard to the time horizon, consistent with presistudies, results indicate that longer
time horizons give more accurate exposure estimatiowever, one should be cautious
when the time horizon extends even further tharsémple size.

Several researchers consider the question of vihat mmacroeconomic factors
they might include in the exposure regression.ddéht macroeconomics factors
including interest rates, money reserve, inflatdifferent monetary policies, etc., have
been applied to the exchange rate exposure modedrius researchers.

By using a macroeconomic variable in addition txktprices and exchange
rates, Ajayi et al. (1996) suggested that stockgsraffect the exchange rates by
increasing the demand for real money. Earlier, iBqlt984) claimed that stock prices
might influence exchange rates when studied witlerotnacroeconomic variables.

On the other hand, Ibrahim (2000) has suggesteédhbahoice of a market

portfolio in the exposure model has a significampact on the exchange rate exposure
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estimates. He used monthly data on the stock marlek and 3 exchange rates (real
effective, nominal effective, and end-of-the-moafthange rates) for Malaysia
covering the period from 1979 t01996. To captueedfiect of model specification on
the exposure estimates, bivariate and multivarraddels are examined; in the latter
case, money supply (M2) and reserves are consid@raddition to three exchange
rates. Employing a cointegration test and Grangasality, Ibrahim (2000) found no
long-run relationship between the stock marketxmaled any of the exchange rates in
the bivariate models; however, in a multivariatedeldhere is some evidence of
cointegration. His findings suggest that in thegloan, the stock market is cointegrated
with other variables, while in the short-run, chasign money supply and reserves affect
the returns. One of the recent studies, Bodnaivéog (2003), also support the
importance of time horizon, the choice of the Valea in the model, and the firm size.
When firm return or stock price of an individuahfi is regressed against the exchange
rate change, results are not robust dependingranand return horizon. Omitted
variables are present in the model structure obsupe estimates. Exchange rate
exposure tends to differ depending on the constnuctf the market portfolios. Bodnar
and Wong (2003) also noted a significant inversatimnship between firm size and
exchange rate exposure. No matter the extentiaih&finvolvement in exchange-rate-
sensitive activities, the results suggest thasthaller the firm, the more positive
exchange rate exposure it incurs; on the other,Hargk firms have negative exposure
to the value of the U.S. dollar. Overall, Bodnad &dong (2003) claimed that firm-level

exchange rate exposure depends on the constradttbe market portfolio.
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2.5 The Contribution of This Study to the Literature

The common link between these studies and thisrpaplee focus on the
relationship between stock markets and exchangs.rahis study will determine the
long-run relationship between stock markets andhaxge rates employing not local
currencies, but the stable aggregate currency (3 )s comprised of all the
countries’ currencies used for the study. The S&\&table over time and has the least
standard error compare to other currencies. Besldganov et al. (2003), who
constructed SAC and showed its stability and ndg&gvolatility, Maung (2004)
applied the SAC to a real world application trytognvestigate the structure of dynamic
interdependence of nine stock markets for the Wha@a, the U.K., Germany,
Switzerland, Italy, Belgium, Japan, and Hong-Karg.also shows that converting
stock market indices into SAC greatly minimizes ¢ixehange rate risk associated with
the currency fluctuations. Applying time series hoets and DAG for the period from
January 1973 to February 2003, Maung (2004) regdhi@t the exchange rates
understate (overstate) the stock market variati@pending on whether a currency
appreciates (depreciates) over time relative taskét of currencies. Therefore, it is very
important to minimize or eliminate the currencyctivations in stock markets. That has
been possible by using SAC to transform the stoakket index, which results in a
global stock price. In other words, the stock nesuaire the same for all the investors
around the world. Conversion of stock market ingliceo SAC yields very stable results

and exhibits the least correlation between the magkets.
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This paper attempts to explore another area of §glication, which will allow
investors and businesses to have a clear pictutevofexchange rates are tied to the
stock markets. Applying SAC instead of a singleency, researchers will be able to
decrease the exchange rate risk associated withfloass, boosting the increase in the
precision of cash flow forecasting. In generals #tudy will show how stable currency

alters the relationship between stock markets anbange rates.
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CHAPTER Il

DATA AND METHODOLOGY

In order to get correct and robust results, statiby of data has to be
maintained. Both stock market indices and exchaatgs need to be expressed in the
same denominator, the stable aggregate currend@)(S#hich is computed based on
the variance minimization framework. This servesplarpose of the study by
minimizing the exchange rate risk in both stockkeaimdices and exchange rates.
Further, the local currency-based and SAC-basecsatkre created to enable them to

be analyzed and compared.

3.1 Data

The data used in this study consists of daily stnekket indices and exchange
rates for Japan, the U.K., Germany, France, thaedkeinds, Italy, and the US. The data
were obtained from two different sources: stock@indices are obtained from the
DataStream databank, and the exchange rate dat@taieed from the Federal Reserve
Bank. The period under study begins January 1, 88d3&nds November 19, 2004. This
time period was chosen because of the data avaifahirther, within this time frame
many important events happened such as regime ebastgpck market crashes, the
creation of the euro, terrorist attacks, etc. Tdma@e period is split into two separate
periods: first, the pre-euro period starting Japdarl973 to December 31, 1998;

second, the euro period starting January 1, 199&®t@mber 19, 2004.
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Most of the stock indices used in this study repméfarge, mostly exchange
listed stocks, and they represent large marketal&aition in their respective financial
markets. These stock indices are Nikkei 225 Aveagmposite Index (Japan), FTSE
30 Ordinary Index (U.K.), DAX 30 Performance Ind€&ermany), DS Total Market
Index (France), AEX 30 Ordinary Index (Netherland3$ Total Market Index (Italy),
and S&P 500 Composite Index (US). The exchangs ratdude the Japanese yen,
British pound, German mark, French franc, Nethelsaguilder, Italian lira, and US
dollar. From January 1, 1999, the euro was usddadsof the German mark, French
franc, Netherlands guilder, and Italian lira. Alese exchange rates are vis-a-vis the

base-currency, the US dollar.

3.2 Stable Aggregate Currency
The value of exchange rates, expressed as onencynper other currency,

changes depending on currencies used. In literaggarding international economics
and finance, as well as in real world practicea)yses involving different currencies
usually are conducted using one base currencyraeraire. Depending upon the choice
of the base currency, the dynamics of the resutting series change dramatically as a
result of currency fluctuations over time. In esserthe exchange rate fluctuates due to
the fluctuations of both currencies. Regarding thégter, the choice of base currency is
critical to obtain a stable exchange rate. For etayusing the U.S. dollar as a base
currency as opposed to the British pound changesethtionship between the euro and

yen (Hovanov et al., 2003).
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To address the base currency problem, an invazianéncy value index (ICVY)
is proposed by Hovanov et al. (2003). ICVI is fouade independent of base currency
choice. The value of index of a currency will nbange depending on the usage of
different base currencies. In a sense, for a feetdf currencies the ICVI is the same
regardless of base currency choice. The usage\Wfd€a base currency enables
researchers to demonstrate fluctuations of anyenay on a global market.

Normalized value in an exchange or a normalizeexraf value KVal) in

exchange is used to mathematically express the tgugh the following formula:

C.
(1) NVal = ——

n u Cij
whereNVal; is the normalized value in exchanggijscthe exchange coefficient or the
exchange rate of tH& currency for th¢" currency, and whei& currency is the base

currency. The geometric mean of values in exch&@ngeg) is expressed by the

following term n/ ﬁ ¢, - In this study we use seven currencies, therefoveuld indicate

the number of the currencies=(/), andi=1,...,n, so we would have seven exchange
rates €, G, ..., Gj). Regardless of the base currency choice, the alaead value in
exchangé\Val; is the same for each base currency chosen, thef¥@al can
substituteNVal; for the rest of the study. The time series offal currencies’ rates of

exchange are observed employMgal. Reduced normalized value in exchange

" Simple exchange model (SIMEX) is used as a conceptual atieematical framework for constructing
the invariant index of currency’s value in exchange. Forendetails on this regard, it is recommended to
read the article grounded by Hovanov et. al. (2003).
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(RNVal(t/tg)) is used instead ddVVal because of the convenience of further
demonstration.

NVal (t)
NVal (t,)

(2) RNVa|(t/t,) =

Equation (2) expresses the reduced (to the motglembrmalized value in
exchange starting fromg which can be set ds=1, where =1,...,7 in this study.

Time series of reduced(the momento=1 or the starting day-January 1, 1973)
normalized values in exchange for seven countries@mputed as:
USD(t/1)=RNValUSD(t/1), JPY(t/1)=RNValJPY(t/1), GRP)=RNValGBP(t/1),
DEM(t/1)=RNValDEM(t/1), FRF(t/1)=RNValFRF(t/1), ANE1)=RNValANG(t/1),
ITL(t/1)=RNVallTL(t/1), where t=1, ..., 6784 for there-euro period, and t=1,..., 1536

for the euro period, total of 8320 moments.

Index of value in exchange is mathematically cartséd as follows:

Ind(w:t) = 3 w,RNVal (t/t,)

i=1

where the index of value in exchange is presemela form of reduced normalized
values in exchangeNVali(t/v), i =1,...,7,t =1,...,6784 and =1,...,1536 for the pre-
euro and euro periods respectively, and the weight vector used to determine the
index (v =wy+wot...+wy =1).

In order to obtain the stable aggregate curren&C{Swhich is comprised of
seven currencies in this study, optimal currencights are used. The latter will be
attained by minimizing the varian&(w)=var(w) subject to the constraint:

w, 20i=1....7,w +w, +..+w, =1
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where weight-coefficientan,...,w are determined by the expression
_ 0 C; (to)
7
qucrj (to)
r=1

The variancé&’(w) can be presented as:

7 7 7
S*(w) = > ww, cov, k) = D w’s’ + 2% ww, cov(,k)
i=1

ik=1 i.k=1
i<k

where cov(ik)is the covariance of time seriBslVal(t/to), RNVak(t/to), and

32 Is the variance of the time seriRNVal(t/to), i, k=1,...,7,t =1,...,6784 and
t=1,...,1536 for the pre-euro and euro periods respdyg. The optimal weight
coefficients are obtained by minimizing the varierf&(w)) subject to the constraints.
Then, optimal weight coefficients can be used tmiokthe optimal amount of currencies

(q1*,..., gr*) through the following equation:

q = i U
o Gi(t)

whereu can be expressed as:
7
/'1 = zqrcrj (tO)
r=1

Because the sum of currencies optimal amountsdstben we can deriyefrom that

equality:
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. . W, W, .
O 0 +...+Qy =1= (——+...+ =1
1j(t) 7j(t)
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C C C
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Given all the necessary parameters computed, which is later used to compute the
optimal currency amountsjt’s).

Stable aggregate currency is a basket of currandhié study it is comprised of
seven currencies) that incorporates currencigged proportions in the basket. The
proportions or amounts of the currencies are coatptitrough the above listed
mathematical expressions. However, recently areeasy to compute those weights
has been used. Grounded on Hovanov et al. (2008 pabased program supports the

calculation of optimal weights and currency amouamtd also provides exchange rates

for local currencies per SAE.

3.3 Procedure

After computing the SAC, which, in this study, @eprised of seven currencies
at assigned proportions, it will be employed fattier analyses. Because SAC is more
stable over time and less correlated with the iddial currencies in the basket, it is used
as a base currency or numeraire for our study. fiealty, SAC application as base
currency dramatically minimizes the exchange rsteand thus implies a reduced need

to hedge international transactions. SAC can adsoded to minimize the currency risk

8 For further details about the SAC computation processitih the web-based program, visit
www.isc.tamu.edu/~bharath/sac.
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in the stock market index. Once the exchange fatdecal currency per SAC are
computed, stock market index prices in local cutencan be transformed into stock
market index prices in SAC. All the mathematical&ipns mentioned in the SAC
Section are used to get exchange rates for locedroties per SAC. The conversion of
stock index prices in local currency into stockargbrices in SAC is expressed through

the following equation:

SAG _ R:Zurrency X SAG
Rt - Currencyt

where R™¢ and R™"™™ are stock index prices in the SAC and local cuiesn

respectively, i=1,..., 7 is the number of stock coiest and t =1,..., 6784 for the first
sub-period (the pre-euro period) and t=1,..., 1faB&he second sub-period (the euro

period), yielding a total of 8320 observations. (@&/01/1973-11/19/2004). Finally,

Tensy 1S the exchange rate & country’s local currency for the SAC at time tl Al

converted stock indices and exchange rates arsforamed into natural logarithms.
Hereafter, OLS regression and cointegration metlogyas applied to these time series

data.

3.4 Model Specification

To avoid spurious results, both series have tefyadi stationarity condition.
Series are called stationary if their mean andav&e are stable over time. Both
exchange rates and stock price indices exhibitrooit or so-called nonstationary
patterns. There are several techniques to overdoeneonstationarity problem. One of

the simplest techniques is to difference the senithey are stationary (Mjelde, et al.
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2002). In this study, the first difference is usedustain stationarity of series. Appling
the first differences of the series in the OLS esgion will yield robust and correct
results’

Rate of change in exchange rates and rate of retustock price indices are
used as stationary data. Both monthly and dailg datised to test for the goodness of
the model. For the purpose of estimating the exgbaxposure of the stock markets,
which represents the sensitivity of the stock miske the exchange rate changes, the
rate of return on stock price indices are regressetthe rate of change in the exchange
rates (Jorion, 1990).The exchange rate is measwéuk local currency value of the
base currency, the SAC. This allows us to shown#tesalue of the local currencies
(seven local currencies) in the world not just agianother local currency, because the
SAC is very stable over time, representing almdstead value (Hovanov et al., 2003).

To estimate the exchange rate exposure of the stackets four different
regression models are used. The models are dedigratibit the differences between
SAC returns and local currency returns. The fisgt tnodels are expressed the

following way:

SAG _ c
(3) it « =ay +a,E( ”gfigcy)[ T &

C — C
(@) = Bo BB ) €

where R™¢ and R7*™", as mentioned above, are the rates of returnamk sdex

prices in the SAC and local currencies respectjwrlyand [So are intercepts or

° The time series model section will discuss the stationaritiglem in depth.
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constants in those two modets, and S represent stock markets sensitivity to the

Currency

exchange rate fluctuations for the two models retbpaly, E(—sac )t is the rate of

changes in exchange rate Btbuntries’ local currency for the SAC, and finadlys the
error term in both markets, for i=1,...,7 and t=1,.788 for the first sub-period and
t=1,..., 1536 for the second sub-period, yieldingltof 8320 observations.

Model 3 represents the relationship between stodéx prices and the changes
in respective exchange rates in SAC for all sevarkets. Utilization of SAC as a
common currency for asset denomination greatly mizes the exchange rate risk of the
stock returns. More specifically, SAC denominatexstls market indices are called
global market returns as they are identical foomestic and foreign investor (Hovanov
et al., 2003). Model 4, on the other hand, includiesble exchange rate risks expressed
in both exchange rate term and stock market indicéxcal currencies. In fact, the true
exchange rate effect on the stock market is obsmglecannot be accurately measured.
Although the same control variables are used ih boidels, the exposure coefficients
are significantly different. Both models show tlfeet of changes in exchange rates on
stock markets with and without exchange rate fi$le two models show the
relationship between the stock markets and exchaatge only within'f country, where
i represents the number of countries in this s{ily).

The second half of the model is similar to thosevabwith the difference of the

number of control variables.

6
c
(5) R =0y +2 0y E(Cge ) + &

SAC
j=1
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Currency;
(6) c = By +Z/>’1.J E(—sac )t &

Unlike models 3 and 4, these models represenbthédffect of all the seven
exchange rates on tHBstock market. The sensitivity of tH2 stock market to the other

countries exchange rates, is measured by the esgposefficientsa,; and 3,; in both

models respectively. The exchange rate term idairu the first two models, only they
are extended to seven different currencies, whisréhe number of other exchange rates
used. The rest of the equation is exactly the sesne the previous two models.

The purpose of having the exact models with thg difference of the assets
denomination is to compare and contrast the expasagfficients as they change due to
the exchange rate fluctuations. For all the modeth monthly and daily data is applied
to test the sensitivity of the results to the tinogizon. To check which model is better, a
residual squared error {Rs considered. The higher thé & the model, the more likely
that the model is accurate. However, considering BAwould not give a complete and
clear picture of which one is better. At 5 % sigrahce level, t-statistics are computed
which is then tested against the critical valuesthtistics’. If the computed t-statistics
is less than the critical value, then changes ahamge rates have no significant effect
on the stock market indexes and vice versa. Thefgignt exposure coefficient implies
that stock market movements are affected by thhamge rate changes. OLS regression
gives only a contemporaneous correlation betweemate of return in stock market

indices and the rate of change of exchange ratsekkr, to explore the dynamic

10 Critical value is1.96 at 5% significance level.
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relationship the between the two, a Johansen (1@89t)egration test are used in the

next section.

3.5 Time Series Models

Before the cointegration tests are conducted, tiseaeneed to test for the
stationarity of the seri€s.The null hypothesis of the unit root test (the sars a
stationarity test) states the nonstationarity efgaries. Table 1 gives Dickey-Fuller test
on stationarity. Because stock index prices anth@xge rates are nonstationary at levels
and stationary at first differences, it is impotteomcheck for the integration of the two
series. Based on prior studies, stock marketsarelated with the exchange rates to
some extent, which implies that the two seriediaked together. Even though the
series are nonstationary, which makes it hardedipt either of the two, integration will
enable the two series to move depending upon daeln® movements. However,
unsystematic results of the priori studies motiveteo check for the integration of the
series, or more formally said, to see whetherwederies are cointegrated.

Suppose stock index prices are denotedt aspresenting a vector of m
nonstationary I(1) processes where m=7. The VABrdér k is expressed by the

following equation:

k
(7) Y,=a+) AY-1+a

i=1

1 Stationarity of the series will indicate that data seriesially return to their historical mean and have
constant variance over time.
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whereYt is anm x lvector with m=7 representing the seven stock ntankiexes used
in this studyAi anda are (7 x 7) coefficient matrices, ands a (7 x 1) innovation
vector. Equivalently, error correction model (ECé#n be presented based on VAR

component in first differences with the order af k-

k-1
(8) AY, = a+ ) TAY-i+N Y, +&

i=1

k n
wherel =) A_1;T =) A- I
i=1 j=1

HereA represents the first differencé$, a, andIl are coefficient matrices with

a representing constariktjs the appropriate number of lagsy,_, term is to represent

error correction component at levels for t=1,..., @82 total observation in this study.

A trace test is employed to test for cointegratibme number of cointegrating
relations, can provide preliminary information on the longirstructure of market
interdependence. The rankldfdetermines the number of cointegrating vectoracér
test statistics of Johansen (1991) can be compatex$t the null hypothesis stating that
there are at most r cointegrating vectors Q, ..., 7) . As a result, if the rank Gfis full
(r = m), then théYt is stationary and VAR at levels is appropriateéh# rank is zero,
then that means the series is nonstationary anel oioime combinations of the two are
stationary at levels. In this case, VAR at firdtatiences can be conducted for analyzing
dynamic relationships. Conversely, if the rank is 0< m, then an r cointegrating vector
exists indicating the presence of the r linear domtions of series that make the process

stationary, thus ECM can be conducted.
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Before conducting a trace test to determine thetegrating vector, an order of
lag K) should be determined. We use Schwartz loss antidtaand Quinn loss metrics
to determine up to how many lags of series shoelohbluded in the estimation of VAR
at levels. The results of the lag order are replarnelables 2 and 3. The lag order differs
for each association when stock index prices ayeessed only on the respective
exchange rates. However, when all other currerariesncluded as control variables, the
number of lags are more consistent and on avetiagye are between 3 for the first test
(SL) and 4 for the other one (HQ) in the per-eweaqu and range between 1-2 in the
euro period. It is also interesting to note thatbsults for lag determination are the
same for stock returns in SAC and for those inllonarencies.

The computed number of lags is used for each adsatito perform the trace
test.*? The results of the trace tests are reported ineTaiwhere we use only two
models and the critical values are reported at 958@etermine the cointegrating vector
r, we use trace tests with only two models: thet finodel includes constant in the
cointegration relations, and the second model dedithe first model in addition to the
trend in levels (outside the cointegration relat)omhese two models are the best to use
for such data. The null hypothesis of the réhis r = 0 at a 5% significance level, which
means that no cointegrating vector exits betweenwio series. The alternative
hypothesis of the rank is that1, indicating that there is at least one cointeggat

vector. Our results show (reported in Table 4) tbathe model where stock index

12 Note that all the time series analysis are conducted using @ARATS software grounded on Hansen
and Juselius (1995). Also, the critical trace statistic vauesaken from the CATS in RATS manual. For
this study we only used critical trace statistic valuemftables B2 and B3 (pg 80-81).
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prices are regressed on all seven exchange rates| the combinations there is at least
one cointegrating vector for the pre-euro peri@h(ary 1973 to December 1998), while
no cointegrating vector is found for any of theazsstion of series in the euro period
(January 1999 to November 2004). The picture fediht when in the regression model
only the respective exchange rates are includedrsol variables (Table 5). Only the
association of stock markets and exchange ratégimany (in the pre-euro period) and
in Japan (in the euro period) have one cointegyatéctor. The results of trace tests are
slightly different for models using SAC returns &hd ones with local currencies.
However, the decision is the same and the same ewoflzointegrating vectors is
present in both models, therefore we report theettast results only for models in SAC.
Hereafter, the first-differenced VARs will be empéal to the series with no
cointegrating vectors, and ECM will be conductedthe series with at least one
cointegrating vector in the association.

For those series that have at least one cointagraéctor in the space, it is
interesting to examine which series are actualtjuithed in the cointegration space. A
test for exclusion is used, where the null hypdthissthat R3 = 0 with R’ representing a
design matrix of zeros and ones placed to excludeéries from the cointegration space
(Bessler and Kergna, 2003). If the results inditla# all the series are in the
cointegration space, does it mean that in shoreagah of the series responds to the
perturbations in the long-run relation? A testii@ak exogenity is conducted where the

decisions are made based on the null hypothe®@%cf 0. Like R',B' is a design matrix
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with zeros and ones to exclude the series that despond to the perturbations in the
long-run relations.

Because of the difficulty to interpret individualefficients of both the ECM (if
stock market indexes and exchange rates are coatéely and the VAR (if there is no
cointegration between stock market indexes andamgdrates), innovation accounting
is used to summarize the dynamic relationship betvtke stock market indices and
exchange rates. The parameters of Equation (Bsti@ated based on the maximum
likelihood procedure of Johansen (1992). An ermrexction model is expressed as
levels of VAR using the estimated coefficients.drathe innovation accounting is
conducted based on the equivalent levels of VABrder to illustrate the dynamic
relationship between the stock market indexes anbange rates.

To determine the contemporaneous structure ofela¢éionship between stock
market indexes and exchange rates, a variancetaagarmatrix of innovations from
ECM is used. However, in order to get the caudatiomship among innovations in
contemporaneous timedirected graphs are employed. Further, Bernanterimg may
be used on the structure found with the directegblgs on contemporaneous structure

(Bessler and Kergna, 20035.

13 For in depth information on time series methods, we mfereaders Bessler and Yang (2003), Bessler
and Kergna (2003).
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3.6 Directed Graphs

A directed graph is a picture representing the @lanetationship among a set of
variables. Lines with arrowheads are used to reptesausal flows, such thatAB
indicates that variable A causes variable B. Howebe causal direction is
undetermined if we get A — B. D-separation, whiochally represent the screening-off
phenomenon, is used to assign the direction ofatdlasv to a set of variables (Peatrl,
2000)* Spirtes et al. (1993) have incorporated d-separatito an algorithm (PC
algorithm) for assigning casual flows among a $etoiables or in other words, for
building directed acyclic graphs (i.e. acyclic dragan contain only one of each
variable) using the notion of sepset, which ismksdi as a variable that was conditioned
on to remove edges between two variables. The §&itim is an ordered set of
commands that remove edges from a complete uneldectph by first checking for
any relationship between pairs of variables. Trgesdetween variables with no
correlations are removed. This checking processraags until all the possible relations
among a set of variables are checked. After tis¢ dirder conditional correlation, the
checking process continues for zero second ordeglation, and so on up to N-2 order
conditional correlation. The PC algorithm is pragraed in the software TETRAD Il
(Scheines et al., 1994).

Note that directed acyclic graphs (DAG) can be ukadd only if there are at
least three variables. This implies that for thedele where stock market indices are

regressed on respective exchange rates (i.e. aglgantrol variable) DAG cannot be

4 For more detailed information about Directed Graphs, we cefiereaders Bessler and Yang (2003).
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employed. Only models with stock markets and algkchange rates as control
variables can utilize DAG to picture the instantaugecorrelation of the innovations at

timet.
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CHAPTER IV

RESULTS

This study is differentiated from previous worksthg application of more
stable base currency, as well as stock market artthage rates that are expressed in
terms of the same denominator. Consequently, thédtseare different as well. The
exchange rate exposure estimates are systematgigamficant using the SAC-based
model, while the opposite is prominent using thelel@ommonly used by prior studies.
Besides these OLS regression results, time seradgsas restated the significance of the
SAC-based model, relative to the local currencyedasodel. The causal relationship
between the stock markets and exchange ratess@sutterconnected financial markets
using the SAC-based model, and more separated teavkth local currency-based
model. All of these results are detailed below glaith the dynamic interdependence
results that show the proportion of one of theririal markets’ variance caused by the

other, and vice versa.

4.1 OLS Results

Previous studies, using local currencies or nonmemahange rates, reported
unsystematic results including both negative argitpe exchange rate exposure
coefficients that were found to be insignificansimme studies and significant in others.
Using rate of return in stock index prices and cdtehanges in exchange rates in the

OLS regression, we found that exposure coefficidrasnatically change when stock
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index prices in SAC are used as opposed to thoeeah currencies. All the four models
(mentioned in the model section) are analyzed moathly and daily basis for the pre-
euro and the euro periods.

When stock index prices are regressed againsefipective exchange rate
returns in SAC, the findings show that exchange exposure coefficients are
significant and negative for all the countries. Toefficients are significantly different
from zero and so we reject the null hypothesis tisiates that the coefficients are equal
to zero. RBs are very high which indicates the goodness ofrtbeel. The coefficients,
significance level, standard errors, and t-stastire reported in Appendix D (Table 14).
For example, when Nikkei 225 in SAC is regressetiray yen per SAC, then the
exchange rate exposure coefficient is -1.15699k Wsignificance level and -40.31547
t-ratio. This shows that the coefficient is sigesiintly different from 0 and is negative at
10%, 5%, and 1% significance levélsThese results are consistent for both the pre-euro
and euro periods on a daily basis. Conversely, veheck index prices in local
currencies are regressed against the correspoagatnge rates in SAC, the results are
similar to the findings of previous studies. Thelenge rate exposure coefficients are
not different from zero for most parts. For botk-+euro and euro periods on a daily
basis, exposure coefficients deviate around zedcstatistically are insignificant for the
most part. As reported in Appendix D (Table 14)yahout of 7 regressions show a
significant exposure estimate for the pre-euroqeeriHowever, the signs of the exposure

coefficients are not systematic. Only for 4 casetsod 7 exposure coefficients are

15 Note that in our study we use 5% significance level fathallanalyses.
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negative and for the rest they are positive. Feralro period, only 2 out of 7 are
significant and mostly positive. This is consistetith many studies that found positive
exposure coefficients using volatile exchange rdtesever, similar to many previous
studies no systematic results are found. In corapanwvith the results of model 3, the
measure of model goodnes<) about 20 times lower when stock returns afedal
currencies.

In addition to the regression models comprisedvof$eries, the effect of the
exchange rates as a group on stock index pricasiyzed. Alternatively put, stock
index prices in both SAC and local currencies s&tpar are regressed on all the seven
exchange rates per SAC. Appendix (Table 15) cdiesitdne coefficients, along with the
t-statistics and &. For the pre-euro period, again, 4 out of 7 enposoefficients are
significant under local currency application, amh@ of them is significant in the euro
period (Table 15). Similarly, the signs of the dmétnts are not systematic. For
different stock indexes, exchange rate exposurticieats for all seven countries are
different. For instance, when DAX (German Stockedxdis regressed against yen, U.S.
dollar, British pound, German mark, French franetiérlands guilder, and Italian lira
(all of the exchange rates are per SAC) for the foariod from 1973 to 1998 on a daily
basis, all currencies except for the Netherlandslguand Italian lira explain the
perturbations of the German stock market. The patidifferent for euro period. Based
on Appendix D (Table 15), exchange rates do noglaasignificant effect on stock
markets except for the U.S. dollar on the Japasisd market. When stock returns are

converted into SAC, the significance and the sifgthe exposure coefficients
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dramatically changes (Table 15). In both the pm®@und the euro period, coefficients
are negative and significantly different from zdrmwever, the effect of other
currencies on stock index prices is the same ih bases. This implies that SAC
changes the relationship between stock market acithege rate only within a country.

It defines the true effect of currency value orcktmarket. It gives more accurate results
since there is no double exchange rate risk whe® 84pplied® R*s of SAC-based
model are again much greater than that of the lmoakncy-based model confirming the
goodness of the SAC-based model.

Monthly results are reported in Appendix D (Taklésand 17). Overall, monthly
results are not as robust as daily results. Comores stock index prices into SAC
changes the exposure coefficients half of the am@ does not yield systematic results.
This is because both stock markets and foreigrenayr markets are volatile on a daily
basis. Monthly data smoothes the volatility andiltssn a less accurate outcome.
Therefore, daily data is used for further analyses.

Overall, when stock index prices are converted 8A& the exchange rate risk
is eliminated leaving the pure stock return, whicthe same for all investors around the
world (not including currency changes). However,tfe investor in a foreign country,
the total return would be the return from investinm@ns local currency return (Hovanov

et al., 2003). Exposure coefficients are signiftGamd negative when SAC is used as a

% The stock index prices denominated in local currencies an@egehates for local currencies per base
currency result in a double exchange rate risk. However, vibek index prices are denominated in
SAC, the exchange rate risk is greatly minimized to almmsé nand the exchange rate for local currency
per SAC will show local currency change overall. In this chsattual U.S. dollar effect on stock indices
without exchange rate risk would be analyzed to show theelasibnship between these two series.
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denomination of assets or stock indices. Negatnfitthe exposure coefficient implies
that when currency depreciates, the exchangeaatedal currency per SAC increases.
This will decrease stock returns in SAC and, tiius {" stock market will go down.
Therefore, we can conclude that both financial m&rknove in the same direction in

contemporaneous time.

4.2 Time Series Results

After the determination of the cointegration rank hich was conducted via
the trace test, the associations of stock markites and all the exchange rates of
seven countries have one cointegrating vectorarptie-euro period. Only the
association of stock market indices and the resmeekchange rates for Germany and
Japan have one cointegrating vector for the pre-and the euro period respectively
(results are reported in Table 8). For these aaBons of stock market indices and
exchange rates, tests for exclusion and weak exygae conducted. The results based
on the SAC and local currencies are the same fet ofdhe cases. However, the
association of stock market indices and all theenaies for the U.S. and stock market
index and respective exchange rate for Germangxamptions. In these cases, the SAC
results differ from the results based on the locatencies.

Table 4 shows that for all seven countries, thé®ripound, German mark and
the Netherlands guilder are part of at least omaegrating vector, while the Japanese
yen, U.S. dollar, French franc, and all the stoekkmat indices are not in cointegration

space. The ltalian lira is part of at least onasgrating vector for Japan, the U.S.,
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Germany and the Netherlands. Table 5 shows thek starkets and exchange rates in
both Germany and Japan are part of at least onéegoating vector.

Table 7 gives test results for weak exogenity arheaodel and country. This
test shows whether th8 inarket responds to the perturbations in any ofahg-run
equilibrium relationships (cointegrating vectos).a 5% significance level, the
Japanese yen and all the stock market indices dst of the countries do not respond to
such perturbations. The rest of the series respgndstoring the long-run equilibrium
due to new information. The British pound doesnespond to such perturbations. Table
8 shows that stock markets and exchange ratesrmd&sg and Japan do respond to
perturbations in the long-run equilibrium, with teemption of the German stock
market index when it is denominated in SAC.

Because an innovation accounting technique isipptopriate for the models
with stock market indices and respective exchaatgsr(only one control variable), we
use the first-differenced VAR to obtain F-testsnglavith the p-values at a 5%
significance level. However, for the associatidreg have cointegrating vectors, we use
correlation matrices to show the relationship betwthe stock markets and exchange
rates. Table 11 gives the calculated F-tests avalyes at a 5% significance level. For
the pre-euro period, the Japanese stock markehangspective currency (JPY) are not
correlated, while bidirectional causality existévibeen stock markets and respective
exchange rates in Germany, the Netherlands, alyd Tiae U.S. dollar seems to be an
important factor for U.S. stock markets, in oth@res depending upon the currency

movements, the US stock markets are significanflyénced. Conversely, the French
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stock market significantly affects the franc in fire-euro period. SAC-based results are
more robust with a higher significance level. Toeal currency-based model shows that
there is no correlation between the two financiatkets in France. Consistent results
are found for the euro period where the stock ntargEeach country are significantly
influenced by the respective exchange rates. Bsislris consistent with the OLS
regression results. In addition, for the two coemivith cointegrated stock market and
foreign currency market we computed the correlatioefficient. Table 13 shows that
the two markets have a high negative correlatiors#C-based models and a low

positive correlation for local currency-based madel

4.3 DAG Results

The results of DAG are found using a PC algorithia 8% significance level.
Because the financial markets of all the counwigsrate in different time zones, there is
a problem associated with nonsynchronous tradihg.latter indicates that markets
such as the U.S. stock market that operate afecltsing of the Japanese market,
cannot influence Japanese markets at tifaé contemporaneous time) but can influence
them with at least a one-day lag. In order to owere the problem of nonsynchronism,
restrictions are placed. We assume that both finhn@arkets in the U.S. are tier 2 (are
the last ones in the world to operate in a givey),dal the stock market indices and
exchange rates in Europe are tier 1, and thosapainJare tier 0, where tiers indicate the
operation time, such that both financial marketisols market and foreign currency

market) operate first in tier O, followed by makét tier 1 and tier 2.
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Appendix B, Directed Graphs, shows the differerafeéie models using stock
market indices in SAC and local currencies. As nosetd earlier, DAG is used to
picture the contemporaneous relationship only antbagtock markets and all the
exchange rates for both the pre-euro and the earmrods. Note that we could not use
DAG to represent the contemporaneous causal resdtip between a stock market
index and the respective currency.

In the pre-euro period, the Japanese yen is exoganaontemporaneous time.
The shock is transformed to the rest of the wdrtdugh the Japanese yen (rest of the
world is meant to represent the six other countrgesl in this study). Because foreign
currency markets are correlated, changes in theevafl one currency would have an
impact on the other currency. The yen leads thesBrpound, Italian lira, French franc,
German mark, and the U.S. dollar under all the ages. The US dollar, the
Netherlands guilder, and the German mark are gredtuenced by almost all other
currencies, while the German mark and the Britistiqal influence the value of the US
dollar. Within Europe, the Netherlands guildertis tnost influenced by almost all other
currencies, which indicates that it is an inforroatfsink.”’

In the first sub-period, the stock market indiced axchange rates are correlated
when SAC-based models are used; however, the cdinsetions change upon each
country case. Figure 1 (Directed Graphs) showstltgastock index price and exchange

rate in Japan are correlated; however the causalifl undetermined. Note that the

 The relationship among exchange rates of seven countriesiisvestigated in and is beyond the scope
of this research paper. Therefore, not much elaboratiomevillevoted to this issue.
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results are the same for both the SAC-based and¢hecurrency-based models. On the
other hand, unidirectional causality exists froocktmarket to exchange rate in the U.S.
when the stock indices in SAC are used stock inslex&AC. Conversely, no
relationship is found between the two that usecallourrency-based model.

Interestingly, European stock markets and exchasigs are more correlated
with each other than in the U.S. or Japan. Foams#, contemporaneous unidirectional
causality exists from both the British pound arel ltetherlands guilder to the U.K.
stock market (SAC-based model). Interestingly, @aosal relation is found between the
U.K. stock market and the British pound; insteadirbctional causality is reported
between the US dollar and the U.K. stock marketrnnwibeal currency-based models are
utilized. In Germany, the causal flow goes from$hmck market to the German mark, as
well as to the French franc. Converting the Gerstanok market index into SAC returns
eliminates the unidirectional causality from theri@an stock market to the U.S. dollar.
Bidirectional contemporaneous causality is reponteérance where the Netherlands’
guilder and French franc cause the stock marketiehd vice versa. Also, the stock
market index in France causes the German markpitiigre changes when a local
currency-based model is used. It originates a regal relationship from the French
stock market to the U.S. dollar and eliminatesréiationship between the two financial
markets in France.

Unlike the other European countries, the Nethedaadd Italian stock markets
seem to affect the U.S. dollar using both SAC-basw®tilocal currency-based models. In

addition, bidirectional causality is found among thetherlands’ stock market and the
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Netherlands guilder, French franc and the Italien Conversely, when the stock market
is converted into SAC, an undetermined relationsixigts between the Netherlands’
two financial markets. Also, the French franc i$ carrelated with the stock market in
the Netherlands. Instead, the latter causes then&emark in contemporaneous time.
Finally, the stock market in Italy influences thalian lira, Netherlands guilder, and the
U.S. dollar. However, it affects the German masd¢aad of the Italian lira, when a local
currency-based model is used. All these figuredased on a contemporaneous
structure with restrictions. Overall, we find almidegree of interaction between the
stock markets and exchange rates in the pre-eut@dp&pecifically, when the stock
market indices are denominated in SAC, a strongalaelationship is found between
the stock markets and exchange rates for all cesntr

Similar results are found for the euro period. Tapanese yen is again the most
exogenous variable, while the US dollar is the neostogenous currency among the
seven countries. Stock markets in the U.K., Itatlyd Germany are influenced by the
British pound and euro respectively, while the Jasa yen affects stock markets in the
Netherlands and France. Conversely, the Japaraderatairket influences the euro. The
two markets in Japan, France, and the Netherlaredsoarelated but causal flow is not
determined. Interestingly, no contemporaneous &ioa is found between the stock
markets and exchange rates in the US. Accorditigetoesults of local currency-based
models, no contemporaneous relationship existsdmivthe two financial markets in the

US, the U.K., Germany, France, or Italy. Unidirentl causality exists from Japanese
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and Netherlands’ stock market to the euro. Moreawer Japanese stock market also
affects the US dollar.

Overall results confirm the interconnections otc&tmarkets and foreign
currency markets. However, the SAC-based modetlantbcal currency-based model
have different contemporaneous casual structugsa@ountries. SAC-based models
are more consistent and reveal the correlatiohefwo markets at least within a

country. In addition, these results are consistgtiit the OLS and time series results.

4.4 Innovation Accounting Results

Based on the directed graphs given in Appendix @Bernanke ordering as
estimated and programmed in RATS (Doan, 1992)ddw®mposition for error variance
of each country is calculated and shown in Tabléot2he period from 1973 to 1998.
The table provides the decomposition of 0-, 1-, 22- and 35-day ahead forecast error
variances of stock market indexes and all sevehange rates of SAC-based models
into fractions that are attributable to shocksanteof the seven countries. Most of the
stock markets are highly exogenous given the fattheir innovations account about
95-100% of their own variance in both long-run ahdrt-run horizons. Stock markets
are 100% exogenous at time 0 or contemporaneoesitidapan, US, Germany and

Italy, and only in long-run they are influencedibgovations of exchange rates by about

18 Note that only the results of SAC-based models are epartthis thesis. Tables based on local
currency-based models are available upon request from the.autho
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10%. The Japanese yen, under all the scenarithee imost exogenous with 95-100% of
its variance influenced by its own innovations. Bhaeck market in the US accounts for
about 2-3% of the variations in the US dollar, wtithe US dollar accounts for less than
1% of the variations of the US stock market. Ingoan, the Netherlands guilder and the
Italian lira account for 2-3% and 1-2% of the vaaas in US stock market respectively.
Interestingly, the stock market in the U.K. is leg®genous in contemporaneous time
(95%) than in the 35-day period (98%). About 2-3Rtivariations are due to the
British pound and the German mark. Consequently, @wvery small percentage of
innovations in exchange rates account for Germacksharket variations, leaving 97-
100% due to innovations in the stock market itg&tiout 1% of variance in the German
mark, 1-2% of variance in the US dollar and 0.5-@&%ariance in the French franc is
explained by the innovations in German stock mawked 2-3% of variance in USD, 1-
2% of variance in the German mark and 14-17% abwae in the French franc are
explained by innovations in the French stock mardetto 2-7% of the variance in the
latter series is explained by innovations in trepeetive currency (French franc). The
rest of the variance is due to innovations in wsandex prices (93-96%). This indicates
that in France, the stock market highly affectsftreign currency markets. Results for
the Netherlands are very different from the reghefcountries. Given the fact that only
about 60-80% of the variations in the stock markeixplained by current shocks in its
own price indices, stock markets in the Netherlaratsbe referred to as the least
exogenous among all the seven countries in thdystuis greatly influenced by the

respective exchange rate (guilder) which accowmd27% of the variations in stock
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markets. In addition, the Japanese yen, BritismgpGerman mark, Italian lira, and
French franc together account for 10-17% of thekstoarket uncertainty in the
Netherlands. Conversely, it influences exchangesray very small percentage. In long-
run, it affects the French franc (1-2%) and thedtalira (6-8%) with the highest
percentage. The latter exchange rate is greallyeinted (13.5-15%) by the Italian stock
market, which also accounts for 2-3% of the vaoiadiin the Netherlands guilder and
less than 2% in the French franc. It is very exogen96-100% of uncertainty is due to
shocks in its own price index), with only the respee currency (ITL) explaining up to
2.5% of its variations. As we have shown, moshefdtock markets are exogenous,
which explains most of their own variations (ugl@% at current time). It is interesting
to note that within Europe, stock markets and fpraiurrency markets are more
interactive than those of countries outside Eui@ven though the percentage of the
influence is not too high for some cases).

The picture is a little different in foreign cur@nmarkets where the US dollar,
German mark, and the Netherlands guilder are ths sra@logenous, and the Japanese
yen is highly exogenous. All currencies excepttfier US dollar are highly influenced by
the shocks in the yen (up to 20%). Besides its shatks, the US dollar is greatly
influenced by the German mark (up to 37%) andh@lbng-run horizon, also by the
French franc (12-13%)), Italian lira (13-19%) and tetherlands guilder (7-11%). The
US dollar does not explain uncertainty in any & éxchange rates by more than 1%.
European currencies explain variations in otheogean currencies as well as the US

dollar. The British pound explains about 35% of ¥heations in the German mark (both
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in the long and short periods), which in turn expdahe similar percentage of the
variations in the US dollar. Another highly influeat currency is the Italian lira, which
accounts for about 30-35% of the variations inNle¢herlands guilder. In general, the
currency market is more sensitive to the movemehdsher currencies than stock
markets.

The results of local currency-based models showtiwst of the countries
have weakly correlated or independent financialkets: Moreover, it reports less
interaction between the stock markets and the exyheates across the countries.

Table 13 contains the decomposition of error vagaof each country for the
period from 1999 to 200%4. The table provides the decomposition of 0-, 1-, 22- and
35-day ahead forecast error variances of stock eanklices and five exchange rates of
SAC-based models into fractions that are attridetédshocks in each of the seven
countries. The results are similar to the oneshermpre-euro period. The stock market
shocks account for 94-100% of their own varianad @mly in a few cases, the stock
markets influence exchange rates. For instandenmrun the U.S. stock market
influences U.S. dollar and euro by about 1.5-4. 4% 2-8% respectively. British
pound and Japanese yen influence U.K. stock m@kets.5% and 2-3% respectively).
The most influenced stock market is the Italiarctktmarket where euro accounts for
6.5-6.9% of the uncertainty in stock market. OMethk yen has at least 1% influence

on all the stock markets. In terms of currencies,yten is again the most exogenous

¥9In the euro period (January 1999-November 2004) Gemaak, French franc, Italian lira and
Netherlands guilder are substituted by euro, and thusdhemnly 5 series per each scenario. Innovation
accounting is applied to first-differenced VAR as there m@sointegration among the series.
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exchange rate among all, accounting for 1-4% afwae in the U.S. dollar, 33-34% in
the British pound and 21-27% in the euro. On th&remy, the U.S. dollar is influenced
more by the pound (37-39%) and the euro (54-60%) thy its own shocks.

Overall, the Japanese yen in all time periods andlf scenarios is found to be
exogenous and the common source of innovationsatiedater transformed into other
countries’ stock markets or foreign currency mask8tock markets and exchange rates
are found to be correlated when stock market irsdéze denominated in SAC. However,
unlike previous studies, in this study stock maslsgem to explain more of the
exchange rate uncertainty than vice versa. Thesdtseare consistent with the results
based on the DAG, OLS regression and time seri¢isaus. Earlier, OLS regression
results showed a negative significant exposurenasti of stock markets, which can be
related to the results of innovation accountindgntégues. Consequently, stock markets
seem to influence the exchange rates in the sametion. Therefore, an increase in
stock market values leads to the appreciationefdbal currency because of the
increase of investment inflow. Many investors, infied about the favorable stock
market conditions in th&'icountry, exchange their local currency for theountry’s
currency, thus boosting the exchange rate of thedl currency for theé'i country’s
currency. This phenomenon is clearly shown wheckstaarket indices are converted

into SAC or when the exchange rate risk in stockketareturns is greatly minimized.
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CHAPTER V
SUMMARY, CONCLUSIONS AND IMPLICATIONS FOR FUTURE

RESEARCH

The analyses of models using OLS, time series, Dékf@,innovation accounting
techniques underline the importance of common démairon of both right-hand-side
and left-hand-side variables. Moreover, the appboeof the SAC as a common
denominator eliminates the problem associated thighdouble exchange rate risk
included in both sides of the equation. All thelgnag methods show that SAC-based
models yield consistent, significant, and more stlvasults compared to the local
currency-based models. This fact can generate pgartunities for multinational
corporations and investors to minimize their exgjgarate risk exposure by combining
certain proportions of currencies. Future researchstudies are needed in order to be
able to apply this concept to the developing coestwith the objective to minimize

their exposure to exchange rate risk.

5.1 Summary

The relationship between the stock markets anéxbbange rates is an
important and practical issue that would contirmattract many researchers attention.
Many researchers study this issue with some diifge than the prior studies, thus
investigating the relationship between the tworirial statements from another aspect.

Minimizing the exchange rate risk and denominabioth stock market indices and the
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exchange rates in the same base currency enaldegiiothe issue from the global
aspect

This study has investigated the relationship betvsteck markets and exchange
rates for January 1, 1973 to November 19, 2004gusaily data for Japan, U.S., U.K.,
Germany, France, the Netherlands, and Italy. Tloestwb-periods are used to separate
the periods before and after the euro creationpthesuro period (January 1973 to
December 1998) and the euro period (January 198@vember 2004). Consistent to
the methodology used by many previous studies arledion of the stock and foreign
exchange markets, OLS regression analyses havecbadaocted. We attempted to
determine the exchange rate exposure coefficigntedressing the stock price indices
on changes in exchange rates. Unlike the prioliesutiat used stock market prices in
local currency and exchange rates denominatedathanbase currency (such as U.S.
dollar, other local currencies, or more the regensled trade-weighted exchange rate
index), stable aggregate currency (SAC) was uséasrstudy to mitigate the exchange
rate risk in both stock markets and foreign curyemarkets. For the purpose of
comparison, all the analyses have been conducted beth stock price indexes in local
currencies and SAC. Also, not many studies havsidered the effects of other
exchange rates on a particular stock market. Thdysgives a clear picture of the
relationship of stock markets and seven exchartgs,ra addition to models with two
variables.

The OLS results indicate the models in which badlcls markets and exchange

rates denominated in the same basket of currendhié case SAC) outperform the
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models where stock markets are denominated in taca¢éncy and the exchange rates in
SAC. For all sample periods, the contemporaneelasionship between stock market
indices and respective exchange rates are signifjcaegative and yield Rhat are at
least a few times higher for SAC-based modelsiveldb the local currency-based
models. These results are systematic and consfstesich country. On the other hand,
the application of monthly data alters the consisyeof the results because both stock
markets and foreign exchange markets are volatile daily basis. Thus, high volatility
is smoothed out with monthly data, leaving reldfiatable data for both markets, while
not yielding the actual results. As a result, farthnalyses are conducted using daily
data.

Besides the OLS regression, time series modelg atath the directed graphs
are employed to illustrate the long-run relatiopshis well as the graphical
representation of causal flows between the stoake@tsand the exchange rates for each
of the seven countries. Correlation coefficientd Rrstatistics are reported for the
models with only one control variable (i.e. respacexchange rates). The findings are
consistent to the OLS results which shows thatkstoarkets and exchange rates are
correlated with each other in both time periodsrédwer, the SAC-based model yields
a higher negative correlation coefficient betweasngtock markets and the respective
exchange rates than the local currency-based models

Directed graphs indicate that the Japanese yegrysexogenous and is the

primary innovation transformer in foreign curremogrkets. The U.S. dollar, on the
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other hand, is influenced by the yen, the pound,tha mark/eurd. In the pre-euro
period, local currency-based models, consistert piiior studies, fail to find a
systematic causal relationship between the stocketsaand the respective exchange
rates. Conversely, SAC-based models for all sewventces yield systematic results
showing that stock markets and respective excheatge are strongly interconnected to
each other, but that the direction of the causa¥gl differ for each country. The euro-
period provides a clearer picture of the causaltimiship between the two financial
markets. Consistent with the pre-euro period resldtal currency-based models show
no causal relationship between the stock marketsespective exchange rates. On the
other hand, a strong causal relationship is deddoteall countries using SAC-based
models. Overall, graphs provide systematic resuitsausal relationship between the
stock markets and the exchange rates. Both ther€di#ts and directed graphs provide
evidence of a strong causal relationship in aliqokr and for all countries under the
SAC-based models and the opposite results for maaéncy-based models.

The decomposition of forecast error variance presithe causal relationship in
percentage terms. Using decomposition of foreaast gariance for each country, we
find that almost all stock markets are influencgdh®e exchange rates with a very low
percentage (1-10% together) under the SAC-base@ln@dnversely, stock markets are
independent from or weakly caused by the exchaatgs under the local currency-

based model. The later model provides the eviddrateboth financial markets are

2 |n the pre-euro period, the mark influences the USadadind in the euro period the euro is substituted
for the mark, the frank, the guilder, and the lira.
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independent from each other or interrelated to edolr with less than 1% in both
periods. SAC-based models, however, show thatfomhcial markets are correlated
with varying degree depending on the country. kamngple, in the pre-euro period, the
two financial markets for France, Italy and Netheds exhibit the highest correlation,
having greater effect on each other, than thosetfaer countries. Smaller correlation is
found between exchange rates and the stock mark#ts euro period. All three
methods yield consistent results stating that tiseaecausal relationship between the
stock markets and exchange rates and this is debushown using the SAC-based

models.

5.2 Conclusions

Overall, local currency-based models support thetfaat stock markets and
exchange rates are independent markets and nefttie¥se can be used to predict the
movements of the other. On the contrary, it candeluded that SAC-based models
provide evidence that the exchange rates do dfiecitock markets but they account
only for a small percentage of the stock marketeuiainty. Conversely, the opposite
causal flow has a relatively higher percentagecattitig that foreign currency markets

are relatively more influenced by stock markets.

5.3. Implications for Future Research
Many studies that examined the effects of the exgbaate variations on the

stock market movements used developed countrisaraple data. Consistently, in this
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study developed countries also have been applisvéstigate the relationship between
the exchange rates and the stock markets of tlousdrees. We showed that SAC can be
employed to greatly minimize the exchange ratetdlattons for both the foreign
currency and the stock market. Because the emecgimgtries have highly volatile
financial markets due to economic instability, itlWwe useful and practical to study how
the exchange rates and stock markets of the engecgiimtries behave in the world
market. Thus, one might explore the interconnedbeiveen the stock markets and
foreign currency markets in emerging countries @enkloped countries by using SAC.
The results might contain useful information fovestors and businesses of both

countries for future investment or business denssio
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APPENDIX A

ABBREVIATIONS

Stock market indexes for each of the seven countge

Nikkei — Nikkei 225 Average Composite Index (Japan)
SP - S&P 500 Composite Index (U.S.)

FTSE - FTSE 30 Ordinary Index (U.K.)

DAX - DAX 30 Performance Index (Germany)

DSFRA - DS Total Market Index (France)

AEX - AEX 30 Ordinary Index (Netherlands)

DSITL - DS Total Market Index (Italy)

Exchange rates for each of the seven countries, 37998 (the pre-euro period)

JPY — Japanese Yen

USD — U.S. Dollar

GBP - British Pound

DEM — German Mark

FRF — French Franc

ANG - Netherlands Guilder
ITL — Italian Lira

Exchange rates for each of the seven countries, 39004 (the euro period)

JPY — Japanese Yen
USD - U.S. Dollar
GBP — British Pound
EUR - Euro

Technical terms

IMF- International Monetary Fund
SAC — Stable Aggregate Currency
SDR - Special Drawing Rights
OLS - Ordinary Least Squares
ECM:- Error Correction Model
VAR — Vector Autoregression
DAG — Directed Acyclic Graphs
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APPENDIX B
DIRECTED GRAPHS

Figures 1-7.2 represent the contemporaneous caalgabnship between stock market
and foreign currency market for each seven coubath with SAC and local currency
models, 1973-1998. Few restrictions are placethdovdhat Japanese financial markets
cannot be affected by either European or U.S. nisudtecontemporaneous time.
Similarly, U.S. cannot influence Europe as well. &#@orithm is used at a 5%
significance level.

LISD
ITL
FRF \
- —w [ENM
AMG Mikbkei

GEF

Figure 1. Japanese stock market and the exchangetea (SAC-based and local
currency-based, 1973-1998)

L All abbreviations and acronyms are provided in Appendix A.
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LISD

FRF % ITL

JP CEM

ANG sF

SEP

Figure 2.1. The U.S. stock market and the exchangates (SAC-based, 1973-1998)

USD
FRF ITL
JPY »  DEM
ANG -
GEP

Figure 2.2. The US stock market and the exchangetes (local currency-based,
1973-1998¥

22 All abbreviations and acronyms are provided in Appendix A.
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GBP
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Figure 3.1. The U.K. stock market and the exchangates (SAC-based, 1973-1998)

LIsD

ITL

JPY

AMG

g/

DEM

SBEF

FTSE

Figure 3.2. The U.K. stock market and the exchangates (local currency-based,
1973-19983°

# All abbreviations and acronyms are provided in Appendix A.
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LISD
FRF ITL
AN G Do
GBF

Figure 4.1. German stock market and the exchangeates (SAC-based, 1973-1998)

JPY

Figure 4.2. German stock market and the exchange tes (local currency-based,
1973-19983*

24 All abbreviations and acronyms are provided in Appendix A.



72

LsD

FRF ITL

JFY —=  DEM

2 el \ / = DSFRA

EBF
Figure 5.1. French stock market and the exchange tas (SAC-based, 1973-1998)

JPY

GEF

Figure 5.2. French stock market and the exchange tes (local currency-based,
1973-19985°

% All abbreviations and acronyms are provided in Appendix A.
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ANG e \\ HEX

GBP

Figure 6.1. The Netherlands stock market and the ekange rates (SAC-based,

by
N e

D
I
A
\ / AEX

ZBF

CEmM

Figure 6.2. The Netherlands stock market and the ekange rates (local currency-
based, 1973-1998)

% All abbreviations and acronyms are provided in Appendix A.
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DEM
P f
DSITL

ANG -t
GBP

Figure 7.1. Italian stock market and the exchangeates (SAC-based, 1973-1998)

LSO

FRF ITL

/

JPY = DEM

e | \ DOSITL

zBF

Figure 7.2. Italian stock market and the exchangeates (local currency-based,
1973-1998"

27 All abbreviations and acronyms are provided in Appendix A.
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Figures 8.1-14.2 represent the contemporaneousloalationship between stock
market and foreign currency market for each sewemiries with both SAC and local
currency models, 1999-2004. Few restrictions aaeqd to show that Japanese financial
markets cannot be affected by either European $r tdarkets at contemporaneous time.
Similarly, U.S. markets cannot influence Europedpaan markets at current time as
well (however, U.S. markets open an hour beforeEilnpean markets close). PC
algorithm is used at a 5% significance level. Int@ot to notice that in the euro period,
most of the European currencies are substitutegtidoguro.

~

ELIR

Mikkei JPY

Figure 8.1. Japanese stock market and the exchangees (SAC-based, 1999-2004)

EUR

LSD - GEP

MIkkei JPY

Figure 8.2. Japanese stock market and the exchangges (local currency-based,
1999-20043®

2 All abbreviations and acronyms are provided in Appendix A.
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Figure 9. The U.S. stock market and the exchangetes (SAC-based and local

currency-based, 1999-2004)
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JP

Figure 10.1. The U.K. stock market and the exchangates (SAC-based, 1999-2004)
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GEF

JPY

Figure 10.2. The U.K. stock market and the exchangates (local currency-based,

1999-20043°

2 All abbreviations and acronyms are provided in Appendix A.
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Figure 11.1. German stock market and the exchangates (SAC-based, 1999-2004)
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Figure 11.2. German stock market and the exchangeates (local currency-based,

1999-20043°

39 All abbreviations and acronyms are provided in Appendix A.
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LISD

Figure 12.1. French stock market and the exchangetes (SAC-based, 1999-2004)

EUR

i

JsD gl — GBF

DEFREA JPY

Figure 12.2. French stock market and the exchangeates (local currency-based,
1999-2004)

3L All abbreviations and acronyms are provided in Appendix A.
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Figure 13.1. The Netherlands stock market and thexehange rates (SAC-based,

1999-2004)
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Figure 13.2. The Netherlands stock market and thexehange rates (Local currency-

based, 1999-20043

GEP

JPY

32 All abbreviations and acronyms are provided in Appendix A.
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Figure 14.1. Italian stock market and the exchangeates (SAC-based, 1999-2004)
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Figure 14.2. Italian stock market and the exchangeates (local currency -based,
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33 All abbreviations and acronyms are provided in Appendix A.
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APPENDIX C
TABLES

Table 1.1. Dickey-Fuller Test of Stationarity for $ock Indices and the Exchange
Rates, 1973-1998

Series Number of Differences DF test
Nikkei 1 -79.86
JPY 1 -81.05
SP 1 -74.40
usD 1 -67.13
FTSE 1 -70.20
GBP 1 -86.49
DAX 1 -82.15
DEM 1 -106.08
DSFRA 1 -74.85
FRF 1 -101.20
AEX 1 -90.13
ANG 1 -119.22
DSITL 1 -74.71
ITL 1 -106.97

Note Only values that are stationary at a 5% signifiedlevel are reported.

Table 1.2. Dickey-Fuller Test of Stationarity for $ock Indices and the Exchange
Rates, 1999-2004

Series Number of Differences DF test
Nikkei 1 -39.76
JPY 1 -38.92
SP 1 -37.99
usD 1 -40.46
FTSE 1 -40.17
GBP 1 -37.71
DAX 1 -39.39
DSFRA 1 -40.34
AEX 1 -41.73
DSITL 1 -41.10
EUR 1 -40.47

Note German mark, French franc, Italian lira and théhidands’ guilder has been substituted by eurdy @alues
that are stationary at a 5% significance levelraported.

3 All abbreviations and acronyms are provided in Appendix A.
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Table 2.1. Loss Metrics of Schwartz-Loss and Hanna@uinn for Stock Markets
and the Exchange Rates, 1973-19%8
Local Currency-Based

SAC-Based Model

Model

Country Lag SL* Lag M* Lag SL Lag M

Japan 3 -8967 4 -8983 3 -8.67 4 -89.83
uU.S. 3 -89.97 4 -90.13 3 -89.97 4 -90.13
U.K. 3 -89.90 4 -90.06 3 -89.90 4 -90.06
Germany 3 -89.73 4 -89.89 3 -89.73 4 -89.89
France 3 -89.75 4 -8991 3 -89.75 4 -89.91
Netherlands 3 -89.76 4 -89.92 3 -89.76 4 -89.92
Italy 3 -89.31 4 -89.47 3 -89.31 4 -89.47

Note: * SL means Schwartz-Loss and M means Hannan Quimnvdlues of Schwartz Loss and Hannan
Quinn’s M on lags of 0-10 are calculated to determine the euofidags that will be used further in the
paper. This table gives only the lags representing thermmamivalues for both measures. For some
countries, we get different lags based on the two meadarasch cases, we use both of them if that
changes the further analyses.

Table 2.2. Loss Metrics of Schwartz-Loss and Hanna@uinn for Stock Markets
and the Exchange Rates, 1999-2004
Local Currency-Based
Model

SAC-Based Model

Country Lag SL Lag M Lag SL Lag M

Japan 1 -5753 1 -5759 1 5753 1 -57.59
uU.S. 1 5783 1 5790 1 -57.83 1 -57.90
U.K. 1 -58.02 1 -58.08 1 -58.02 1 -58.08
Germany 1 5723 1 -57.30 1 -57.23 1 -57.30
France 1 5761 1 -57.68 1 -57.61 1 -57.68
Netherlands 1 -57.38 1 5745 1 -57.38 1 -57.45
Italy 1 -57.83 1 -57.90 1 -57.83 1 -57.90

Note: * SL means Schwartz-Loss and M means Hannan Qlirenvalues of Schwartz Loss and Hannan
Quinn’s M on lags of 0-10 are calculated to determine the auofidags that will be used further in the
paper. This table gives only the lags representing thermmamivalues for both measures. For some
countries, we get different lags based on the two meadargsch cases, we use both of them if that
changes the further analyses.

% All abbreviations and acronyms are provided in Appendix A.
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Table 3.1. Loss Metrics of Schwartz-Loss and Hanna@uinn for Stock Markets
and the Respective Exchange Rates, 1973-1808

Local Currency-Based SAC-Based Model

Model

Country Lag SL* Lag M* Lag SL Lag M

Japan 1 -1971 3 -1971 1 -1971 3 -19.71
U.S. 2 -2046 2 -20.47 2 -2046 2  -20.47
U.K. 2 -2025 2 -20.26 2 -2025 2  -20.26
Germany 3 -20.10 3 -20.11 3 -20.10 3 -20.11
France 2 -2024 3 -2025 2 -2024 3 -20.25
Netherlands 4 -1953 5 -19.54 4 -1953 5 -19.54
Italy 3 -1900 5 -19.01 3 -1900 5 -19.01

Note: * SL means Schwartz-Loss and M means Hannan Quimnvdlues of Schwartz Loss and Hannan
Quinn’s M on lags of 0-10 are calculated to determine the auofidags that will be used further in the
paper. This table gives only the lags representing thermamivalues for both measures. For some
countries, we get different lags based on the two meadargsch cases, we use both of them if that
changes the further analyses.

Table 3.2. Loss Metrics of Schwartz-Loss and Hanna@uinn for Stock Markets
and the Respective Exchange Rates, 1999-2004

Local Currency-Based SAC-Based Model

Model

Country Lag SL Lag M Lag SL Lag M

Japan 1 -19.23 1 -19.24 1 -19.23 1 -19.24
U.S. 2 -20.11 3 -20.14 2 -20.11 3 -20.14
U.K. 1 -2058 1 -2059 1 -20.58 1 -20.59
Germany 1 -19.13 2 -19.15 1 -19.13 2 -19.15
France 1 -19.49 2 -1951 1 -19.49 2 -19.51
Netherlands 2 -19.28 2 -1930 2 -19.28 2 -19.30
Italy 1 -19.72 2 -19.74 1 -19.72 2 -19.74

Note: * SL means Schwartz-Loss and M means Hannan Quimnvdlues of Schwartz Loss and Hannan
Quinn’s M on lags of 0-10 are calculated to determine the euofidags that will be used further in the
paper. This table gives only the lags representing thermmamivalues for both measures. For some
countries, we get different lags based on the two meadarasch cases, we use both of them if that
changes the further analyses.

% All abbreviations and acronyms are provided in Appendix A.
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Table 4.1. Trace Test on Cointegration of Stock Mdeets and the Exchange Rates,

1973-1998’

Country r T* C(5%)* r T C(5%)
Japan <2 59.18 75.74 <1 82.68 93.92
u.s. <2 57.45 75.74 <1 71.70 93.92
U.K. <2 66.48 75.74 <1 82.24 93.92
Germany <2 62.42 75.74 <1 82.93 93.92
France <2 54.24 75.74 <1 71.36 93.92
Netherlands <2 60.83 75.74 <1 74.64 93.92
Italy <2 58.26 75.74 <1 80.22 93.92

Note: Only the values at which decisions are made are egpdithe decisions are made at a 5%

significance level.

Table 4.2. Trace Test on Cointegration of Stock Mdeets and the Exchange Rates,

1999-2004
Country r T* C(5%)* r T C(5%)
Japan = 71.75 75.74 <1 41.91 47.21
u.S. = 60.99 75.74 = 60.45 68.68
U.K. = 60.46 75.74 = 59.92 68.68
Germany = 61.90 75.74 = 62.23 68.68
France = 64.21 75.74 = 63.61 68.68
Netherlands = 61.27 75.74 = 60.37 68.68
Italy = 60.20 75.74 = 59.64 68.68

Note: Only the values at which decisions are made are egpdithe decisions are made at a 5%

significance level

37 All abbreviations and acronyms are provided in Appendix A.



Table 5.1. Trace Test on Cointegration of Stock Mdeets and the Respective
Exchange Rates, 1973-1988

Country r T* C(5%)* r T C(5%)
Japan =0 8.83 19.99 =0 4.42 15.34
U.S. =0 13.20 19.99 =0 5.25 15.34
U.K. <1 8.42 9.13 =0 15.28 15.34
Germany <1 3.71 9.13 <1 0.47 3.84

France =0 13.59 19.99 =0 5.15 15.34
Netherlands <1 10.67 9.13 =0 12.87 15.34
Italy <1 8.82 9.13 =0 14.20 15.34

Note: Only the values at which decisions are made are egpdithe decisions are made at a 5%
significance level

Table 5.2. Trace Test on Cointegration of Stock Mdeets and the Respective
Exchange Rates, 1999-2004

Country r T* C(5%)* r T C(5%)
Japan <1 3.10 9.13 <1 2.98 3.84

u.S. =0 9.40 19.99 =0 9.06 15.34
U.K. =0 10.47 19.99 =0 10.33 15.34
Germany =0 15.01 19.99 =0 14.73 15.34
France = 11.87 19.99 = 11.84 15.34
Netherlands = 15.96 19.99 <1 1.07 3.84

Italy = 10.36 19.99 = 10.28 15.34

Note: Only the values at which decisions are made are egpdithe decisions are made at a 5%
significance level

3 All abbreviations and acronyms are provided in Appendix A.
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Table 6.1. Test on Exclusion of Japanese Stock Magkand the Exchange Rates
from the Cointegration Space, 1973-1998

Stock Price Index and Exchange Rates

(Currency/SAC) Chi-Squared test  p-value Decision
Local Currency-based Model

NIKKEI 1.36 0.244 F

JPY 0.53 0.467 F

usD 2.03 0.154 F

GBP 6.78 0.009 R

DEM 25.62 0.000 R

FRF 0.99 0.320 F

ANG 25.42 0.000 R

ITL 4.71 0.030 R

SAC-based Model

NIKKEI 1.36 0.244 F

JPY 0.23 0.632 F

uUsD 2.03 0.154 F

GBP 6.78 0.009 R

DEM 25.62 0.000 R

FRF 0.99 0.320 F

ANG 25.42 0.000 R

ITL 4.71 0.030 R

Note: Tests are on the null hypothesis that the partigéaes listed in the far left-hand column is imothe cointegration
space. The heading “Decision” relates to the decitd reject (R) or fail to reject (F) the null lothesis at a 5 %
significance level. Under the null hypothesis, tibt statistic is distributed chi-squared with degree of freedom.

39 All abbreviations and acronyms are provided in Appendix A.
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Table 6.2. Test on Exclusion of U.S. Stock Marketral the Exchange Rates from the
Cointegration Space, 1973-1998

Stock Price Index and Exchange

Rates (Currency/SAC) Chi-Squared test p-value Decision
Local Currency-based Model

S&P 500 1.16 0.281 F

JPY 1.58 0.209 F

uUsD 1.72 0.190 F

GBP 7.45 0.006 R

DEM 25.33 0.000 R

FRF 3.27 0.071 F

ANG 25.16 0.000 R

ITL 4.06 0.044 R

SAC-based Model

S&P 500 1.16 0.281 F

JPY 1.58 0.209 F

usD 2.04 0.153 F

GBP 7.45 0.006 R

DEM 25.33 0.000 R

FRF 3.27 0.071 F

ANG 25.16 0.000 R

ITL 4.06 0.044 R

Note: Tests are on the null hypothesis that the partigdaes listed in the far left-hand column is imothe cointegration
space. The heading “Decision” relates to the deeitd reject (R) or fail to reject (F) the null lothesis at a 5 %
significance level. Under the null hypothesis, tibt statistic is distributed chi-squared with degree of freedom.

“9 All abbreviations and acronyms are provided in Appendix A.
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Table 6.3. Test on Exclusion of U.K. Stock Marketad the Exchange Rates from
the Cointegration Space, 1973-1998

Stock Price Index and Exchange

Rates (Currency/SAC) Chi-Squared test  p-value Decision
Local Currency-based Model

FTSE 0.82 0.365 F
JPY 0.58 0.446 F
UsD 2.28 0.131 F
GBP 5.9 0.015 R
DEM 24.73 0.000 R
FRF 3.02 0.082 F
ANG 24.41 0.000 R

ITL 1.82 0.177 =

SAC-based Model

FTSE 0.82 0.365 F
JPY 0.58 0.446 F
UsD 2.28 0.131 =
GBP 5.08 0.024 R
DEM 24.73 0.000 R
FRF 3.02 0.082 F
ANG 24.41 0.000 R

ITL 1.82 0.177 =

Note: Tests are on the null hypothesis that the partiadaes listed in the far left-hand column is imothe cointegration
space. The heading “Decision” relates to the deeitd reject (R) or fail to reject (F) the null lothesis at a 5 %
significance level. Under the null hypothesis, tibwt statistic is distributed chi-squared with degree of freedom.

*L All abbreviations and acronyms are provided in Appendix A.
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Table 6.4. Test on Exclusion of German Stock Marketnd the Exchange Rates
from the Cointegration Space, 1973-1998

Stock Price Index and Exchange

Rates (Currency/SAC) Chi-Squared test p-value Decision
Local Currency-based Model
DAX 0.83 0.362 F
JPY 1.71 0.191 F
USD 2.63 0.105 F
GBP 7.17 0.007 R
DEM 23.68 0.000 R
FRF 2.45 0.118 F
ANG 23.27 0.000 R
ITL 4.66 0.031 R
SAC-based Model
DAX 0.83 0.362 F
JPY 1.71 0.191 F
UsD 2.63 0.105 F
GBP 7.17 0.007 R
DEM 23.67 0.000 R
FRF 2.45 0.118 F
ANG 23.27 0.000 R
ITL 4.66 0.031 R

Note: Tests are on the null hypothesis that the particgdaes listed in the far left-hand column is imothe cointegration
space. The heading “Decision” relates to the dewcit reject (R) or fail to reject (F) the null lothesis ata 5 %
significance level. Under the null hypothesis, tibt statistic is distributed chi-squared with degree of freedom.

“2 All abbreviations and acronyms are provided in Appendix A.
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Table 6.5. Test on Exclusion of French Stock Markeand the Exchange Rates from
the Cointegration Space, 1973-1998

Stock Price Index and Exchange

Rates (Currency/SAC) Chi-Squared test p-value Decision
Local Currency-based Model

DSFRA 0.92 0.337 F

JPY 0.72 0.396 F

uUsD 2.19 0.139 F

GBP 6.16 0.013 R

DEM 20.86 0.000 R

FRF 2.88 0.090 F

ANG 20.77 0.000 R

ITL 2.49 0.115 F

SAC-based Model

DSFRA 0.92 0.337 F

JPY 0.72 0.396 F

uUsD 2.19 0.139 F

GBP 6.16 0.013 R

DEM 20.86 0.000 R

FRF 3.18 0.075 F

ANG 20.77 0.000 R

ITL 2.49 0.115 F

Note: Tests are on the null hypothesis that the partigdaes listed in the far left-hand column is imothe cointegration
space. The heading “Decision” relates to the decitd reject (R) or fail to reject (F) the null lothesis at a 5 %
significance level. Under the null hypothesis, tibt statistic is distributed chi-squared with degree of freedom.

3 All abbreviations and acronyms are provided in Appendix A.
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Table 6.6. Test on Exclusion of Netherlands Stock ket and the Exchange Rates
from the Cointegration Space, 1973-1998

Stock Price Index and Exchange

Rates (Currency/SAC) Chi-Squared test p-value Decision
Local Currency-based Model
AEX 0.47 0.493 F
JPY 1.27 0.260 F
uUsD 2.03 0.154 F
GBP 6.71 0.010 R
DEM 24.28 0.000 R
FRF 3.16 0.075 F
ANG 23.99 0.000 R
ITL 4.16 0.041 R
SAC-based Model
AEX 0.47 0.493 F
JPY 1.27 0.260 F
usD 2.03 0.154 F
GBP 6.71 0.010 R
DEM 24.28 0.000 R
FRF 3.16 0.075 F
ANG 23.99 0.000 R
ITL 4.16 0.041 R

Note: Tests are on the null hypothesis that the particadaes listed in the far left-hand column is imothe cointegration
space. The heading “Decision” relates to the dewcitd reject (R) or fail to reject (F) the null lothesis ata 5 %
significance level. Under the null hypothesis, tibst statistic is distributed chi-squared with degree of freedom.

* All abbreviations and acronyms are provided in Appendix A.
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Table 6.7. Test on Exclusion of Italian Stock Markeand the Exchange Rates from
the Cointegration Space, 1973-19938

Stock Price Index and Exchange

Rates (Currency/SAC) Chi-Squared test p-value Decision
Local Currency-based Model
DSITL 0.13 0.718 F
JPY 0.92 0.337 F
uUsD 1.44 0.230 F
GBP 5.49 0.019 R
DEM 13.98 0.000 R
FRF 2.99 0.084 F
ANG 13.94 0.000 R
ITL 2.69 0.101 F
SAC-based Model
DSITL 0.13 0.718 F
JPY 0.92 0.337 F
uUsD 1.44 0.230 F
GBP 5.49 0.019 R
DEM 13.98 0.000 R
FRF 2.99 0.084 F
ANG 13.94 0.000 R
ITL 2.46 0.117 F

Note: Tests are on the null hypothesis that the particadaes listed in the far left-hand column is imothe cointegration
space. The heading “Decision” relates to the dewcitd reject (R) or fail to reject (F) the null lothesis ata 5 %
significance level. Under the null hypothesis, tibst statistic is distributed chi-squared with degree of freedom.

“5 All abbreviations and acronyms are provided in Appendix A.



Table 7.1. Test for Weak Exogenity of Japanese Stodlarket and the Exchange
Rates from the Cointegration Space, 1973-1948

Stock Price Index and Exchange

Rates (Currency/SAC) Chi-Squared test p-value Decision
Local Currency-based Model

NIKKEI 2.95 0.086 F

JPY 0.02 0.888 F

uSD 20.16 0.000 R

GBP 3.64 0.056 F

DEM 6.34 0.012 R

FRF 5.79 0.016 R

ANG 8.09 0.004 R

ITL 5.76 0.016 R

SAC-based Model

NIKKEI 2.24 0.134 F

JPY 0.02 0.888 F

USD 20.16 0.000 R

GBP 3.64 0.056 F

DEM 6.34 0.012 R

FRF 5.79 0.016 R

ANG 8.09 0.004 R

ITL 5.76 0.016 R

94

Note: Tests are on the null hypothesis that thequdar series listed in the far left-hand coluremieakly exogenous with

respect to perturbations in the cointegrating vedtbe heading “Decision” relates to the decismmneject (R) or fail to
reject (F) the null hypothesis of weak exogenitg &% significance level. Under the null hypothettie test statistic is

distributed chi-squared with one degree of freedom.

“% All abbreviations and acronyms are provided in Appendix A.
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Table 7.2. Test for Weak Exogenity of U.S. Stock Miet and the Exchange Rates
from the Cointegration Space, 1973-1998

Stock Price Index and Exchange

Rates (Currency/SAC) Chi-Squared test p-value Decision
Local Currency-based Model

S&P 500 0.490 0.484 F

JPY 0.000 1.000 F

usD 22.100 0.000 R

GBP 4.180 0.041 R

DEM 6.440 0.011 R

FRF 6.450 0.011 R

ANG 8.160 0.004 R

ITL 6.610 0.010 R

SAC-based Model

S&P 500 3.900 0.048 R

JPY 0.000 1.000 F

uUsD 22.100 0.000 R

GBP 4.180 0.041 R

DEM 6.440 0.011 R

FRF 6.450 0.011 R

ANG 8.160 0.004 R

ITL 6.610 0.010 R

Note: Tests are on the null hypothesis that théquéar series listed in the far left-hand colurewieakly exogenous with
respect to perturbations in the cointegrating vedtbe heading “Decision” relates to the decisimmneject (R) or fail to
reject (F) the null hypothesis of weak exogenitg &% significance level. Under the null hypothetiie test statistic is
distributed chi-squared with one degree of freedom.

" All abbreviations and acronyms are provided in Appendix A
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Table 7.3. Test for Weak Exogenity of U.K. Stock Miket and the Exchange Rates

from the Cointegration Space, 1973-1998
Stock Price Index and

Exchange Rates Chi-Squared test p-value Decision
(Currency/SAC)
Local Currency-based Model
FTSE 0.06 0.8065 F
JPY 0.12 0.7290 F
uUsD 22.26 0.0000 R
GBP 4.07 0.0437 R
DEM 6.89 0.0087 R
FRF 5.49 0.0191 R
ANG 7.38 0.0066 R
ITL 7.57 0.0059 R

SAC-based Model

FTSE 0.24 0.624 F
JPY 0.12 0.729 F
usD 22.26 0.000 R
GBP 4.07 0.044 R
DEM 6.89 0.0087 R
FRF 5.49 0.0191 R
ANG 7.38 0.0066 R
ITL 7.57 0.0059 R

Note: Tests are on the null hypothesis that théquéar series listed in the far left-hand colurewieakly exogenous with
respect to perturbations in the cointegrating vedbe heading “Decision” relates to the decisimmneject (R) or fail to
reject (F) the null hypothesis of weak exogenitg &% significance level. Under the null hypothetiie test statistic is
distributed chi-squared with one degree of freedom.

“8 All abbreviations and acronyms are provided in Appendix A.
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Table 7.4. Test for Weak Exogenity of German Stocklarket and the Exchange
Rates from the Cointegration Space, 1973-1948

Stock Price Index and Exchange

Rates (Currency/SAC) Chi-Squared test p-value Decision
Local Currency-based Model

DAX 0.610 0.435 F
JPY 0.060 0.806 F
uUsD 19.140 0.000 R
GBP 4.950 0.026 R
DEM 7.420 0.006 R
FRF 4.200 0.040 R
ANG 7.040 0.008 R

ITL 8.430 0.004 R

SAC-based Model

DAX 2.870 0.090 F
JPY 0.060 0.806 F
uUsD 19.140 0.000 R
GBP 4.950 0.026 R
DEM 7.420 0.006 R
FRF 4.200 0.040 R
ANG 7.040 0.008 R

ITL 8.430 0.004 R

Note: Tests are on the null hypothesis that théqudar series listed in the far left-hand coluremieakly exogenous with
respect to perturbations in the cointegrating wvedhe heading “Decision” relates to the decisioneject (R) or fail to
reject (F) the null hypothesis of weak exogenitg &% significance level. Under the null hypothetsie test statistic is
distributed chi-squared with one degree of freedom.

9 All abbreviations and acronyms are provided in Appendix A.
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Table 7.5. Test for Weak Exogenity of French Stockarket and the Exchange
Rates from the Cointegration Space, 1973-1998

Stock Price Index and Exchange

Rates (Currency/SAC) Chi-Squared test p-value Decision
Local Currency-based Model

DSFRA 0.27 0.603 F

JPY 0.03 0.862 F

uUsD 20.62 0.000 R

GBP 3.38 0.066 F

DEM 5.66 0.017 R

FRF 5.88 0.015 R

ANG 6.82 0.009 R

ITL 6.22 0.013 R

SAC-based Model

DSFRA 0.11 0.740 F

JPY 0.03 0.862 F

uUsD 20.62 0.000 R

GBP 3.38 0.066 F

DEM 5.66 0.017 R

FRF 5.88 0.015 R

ANG 6.82 0.009 R

ITL 6.22 0.013 R

Note: Tests are on the null hypothesis that théqudar series listed in the far left-hand coluramieakly exogenous with
respect to perturbations in the cointegrating wvedhe heading “Decision” relates to the decisioneject (R) or fail to
reject (F) the null hypothesis of weak exogenitg &% significance level. Under the null hypothetiie test statistic is
distributed chi-squared with one degree of freedom.

%0 All abbreviations and acronyms are provided in Appendix A.
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Table 7.6. Test for Weak Exogenity of NetherlandstSck Market and the Exchange
Rates from the Cointegration Space, 1973-1998

Stock Price Index and Exchange

Rates (Currency/SAC) Chi-Squared test p-value Decision
Local Currency-based Model
AEX 0.34 0.560 F
JPY 0.06 0.806 F
uUsD 20.96 0.000 R
GBP 4.68 0.031 R
DEM 7.06 0.008 R
FRF 4.93 0.026 R
ANG 7.44 0.006 R
ITL 7.68 0.006 R
SAC-based Model

AEX 0.65 0.420 F
JPY 0.06 0.806 F
uUsD 20.96 0.000 R
GBP 4.68 0.031 R
DEM 7.06 0.008 R
FRF 4.93 0.026 R
ANG 7.44 0.006 R
ITL 7.68 0.006 R

Note: Tests are on the null hypothesis that thequdar series listed in the far left-hand coluremieakly exogenous with
respect to perturbations in the cointegrating vedtbe heading “Decision” relates to the decisomneject (R) or fail to
reject (F) the null hypothesis of weak exogenitg &% significance level. Under the null hypothetiie test statistic is
distributed chi-squared with one degree of freedom.

*L All abbreviations and acronyms are provided in Appendix A.



Table 7.7. Test for Weak Exogenity of Italian StockMarket and the Exchange
Rates from the Cointegration Space, 1973-19%8

100

Stock Price Index and Exchange

Rates (Currency/SAC) Chi-Squared test p-value Decision
Local Currency-based Model
DSITL 0.22 0.639 F
JPY 0.02 0.888 F
uUsD 13.87 0.000 R
GBP 2.63 0.105 F
DEM 3.91 0.048 R
FRF 5.05 0.025 R
ANG 6.68 0.010 R
ITL 5.41 0.020 R
SAC-based Model
DSITL 2.01 0.156 F
JPY 0.02 0.888 F
uUsD 13.87 0.000 R
GBP 2.63 0.105 F
DEM 3.91 0.048 R
FRF 5.05 0.025 R
ANG 6.68 0.010 R
ITL 5.41 0.020 R

Note: Tests are on the null hypothesis that théquéar series listed in the far left-hand colurewieakly exogenous with
respect to perturbations in the cointegrating vedbe heading “Decision” relates to the decisimmneject (R) or fail to
reject (F) the null hypothesis of weak exogenitg &% significance level. Under the null hypothettie test statistic is

distributed chi-squared with one degree of freedom.

%2 All abbreviations and acronyms are provided in Appendix A.



Table 8.1. Tests on Exclusion of German Stock Markend the Respective
Exchange Rate from the Cointegration Space, 197348

Stock Price Index and

Exchange Rates Chl-?eqsutared p-value Decision
(Currency/SAC)
Local Currency-based
Model
DAX 8.77 0.003 R
DEM 16.82 0.000 R
SAC-based Model
DAX 8.77 0.003 R
DEM 16.71 0.000 R

101

Note: Tests are on the null hypothesis that the partigesges listed in the far left-hand column is imthe cointegration

space. The heading “Decision” relates to the dewcit reject (R) or fail to reject (F) the null lothesis ata 5 %

significance level. Under the null hypothesis, tibt statistic is distributed chi-squared with degree of freedom.

Table 8.2. Tests on Exclusion of Japanese Stock Mat and the Respective
Exchange Rate from the Cointegration Space, 197398

Stock Price Index and

Exchange Rates Chl-?gsl{[ared p-value Decision
(Currency/SAC)
Local Currency-based
Model
NIKKEI 10.46 0.001 R
JPY 16.33 0.000 R
SAC-based Model
NIKKEI 10.46 0.001 R
JPY 16.89 0.000 R

Note: Tests are on the null hypothesis that the particadaes listed in the far left-hand column is imothe cointegration

space. The heading “Decision” relates to the dewcit reject (R) or fail to reject (F) the null lothesis ata 5 %

significance level. Under the null hypothesis, tibt statistic is distributed chi-squared with degree of freedom.

%3 All abbreviations and acronyms are provided in Appendix A.
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Table 9.1. Tests on Weak Exogenity of German StodWarket and the Respective
Exchange Rate, 1973-1998
Stock Price Index and

Exchange Rates Chl-?eqsl{[ared p-value Decision
(Currency/SAC)
Local Currency-based
Model
DAX 2.21 0.137 F
DEM 18.75 0.000 R
SAC-based Model
DAX 8.74 0.003 R
DEM 18.75 0.000 R

Note: Tests are on the null hypothesis that thequdar series listed in the far left-hand coluremwieakly exogenous with
respect to perturbations in the cointegrating vedtbe heading “Decision” relates to the decisomneject (R) or fail to
reject (F) the null hypothesis of weak exogenitg &% significance level. Under the null hypothettie test statistic is
distributed chi-squared with one degree of freedom.

Table 9.2. Tests on Weak Exogenity of Japanese Stddarket and the Respective
Exchange Rate, 1973-1998
Stock Price Index and

Exchange Rates Chl-?éqsutared p-value Decision
(Currency/SAC)
Local Currency-based
Model
NIKKEI 4.36 0.037 R
JPY 12.49 0.000 R
SAC-based Model
NIKKEI 9.44 0.002 R
JPY 12.49 0.000 R

Note: Tests are on the null hypothesis that théquéar series listed in the far left-hand colurewieakly exogenous with
respect to perturbations in the cointegrating vedbe heading “Decision” relates to the decismmneject (R) or fail to
reject (F) the null hypothesis of weak exogenitg &% significance level. Under the null hypothetiie test statistic is
distributed chi-squared with one degree of freedom.

> All abbreviations and acronyms are provided in Appendix A.
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Table 10.1. Correlation Matrices of German Stock M&et and the Respective
Exchange Rate, 1973-1998

Local Currency-based Model

DAX DEM
DAX 1 0.09
DEM 0.09 1
SAC-based Model
DAX DEM
DAX 1 -0.27
DEM -0.27 1

Table 10.2. Correlation Matrices of Japanese Stodkarkets and the Respective
Exchange Rates, 1999-2004

Local Currency-based Model

Nikkei JPY
Nikkei 1 0.01
JPY 0.01 1
SAC-based Model
Nikkei JPY
Nikkei 1 -0.29
JPY -0.29 1

% All abbreviations and acronyms are provided in Appendix A.



Table 11.1. F-Tests for Stock Markets and the Resptive Exchange Rates, 1973-1998

Dependent/

Independent Nikkei JPY SP usD

FTSE

GBP DSFRA FRF AEX ANG DSITL ITL

1299.15  2.35
Nikkei 0) (0.09)
1.23 137175
JPY (0.29) (0)
1072.44 235
SP 0) (0.09)

9.42 (0) 91(5(’)')41

uSsbD
FTSE
GBP
DSFRA
FRF
AEX
ANG
DSITL

ITL

883.49
(0)
12.98
(0.00)

28.84
(0)
1764.03
(0)
1079.75  23.93
(0) (0)
1.17 232761
(0.31) 0)
1369.11 104.31
(0) (0)
2980.77
8.08 (0
(0) )
858.66  86.37
(0) (0)
8.63 2516.43

) ©)

Note: All the values are reported with their p-\eduwhich appear in parentheses.

%6 All abbreviations and acronyms are provided in équgix A.
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Table 11.2. F-Tests for Stock Markets and the Resptive Exchange Rates, 1999-200/4

Dependent/

Independent SP usb

FTSE

GBP DAX

EUR DSFRA

EUR AEX EUR DSITL

EUR

28383 051

SP (0) (0.59)
3853  439.12

USD (0) 0)

FTSE

GBP

DAX

EUR

DSFRA

EUR

AEX

EUR

DSITL

EUR

330.59
(0)
4.42
(0.01)

2.10
(0.12)
260.31
(0)
335.94
(0)
15.42

(0.00)

0.86
(0.42)
341.26
(0)
344.76
(0)
12.82

©)

1.18
(0.31)
333.64
(0)
388.92  0.67
(0) (0.51)
17.99  341.56
(0) (0)
387.00
(0)
8.63

)

0.90
(0.41)
326.48

(©)

Note: All the values are reported with their p-veduwhich appear in parentheses. Euro is usedwsstitute for German mark, French franc,

Netherlands’ guilder and Italian lira.

" All abbreviations and acronyms are provided in équgix A.
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Table 12.1. Forecast Error Decomposition of JapanesStock Market and the

Exchange Rates, 1973-1988

Horizon Nikkei JPY USsD GBP DEM FRF ANG ITL
(Nikkei)
0 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 99.83 0.04 0.01 0.00 0.03 0.00 0.08 0.00
12 99.52 0.07 0.02 0.03 0.12 0.00 0.23 0.01
24 99.15 0.07 0.01 0.08 0.18 0.00 0.46 0.05
35 98.76 0.06 0.01 0.12 0.24 0.00 0.69 0.11
PY)
0 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 96.50 0.65 1.04 0.05 1.43 0.33 0.00
12 0.00 95.32 1.28 1.43 0.01 1.83 0.07 0.05
24 0.00 94.99 1.31 1.57 0.01 1.90 0.08 0.14
35 0.00 94.61 1.29 1.71 0.00 1.95 0.17 0.26
(USD)
0 0.00 0.25 49.31 0.50 35.70 13.78 0.00 0.47
1 0.00 0.33 33.11 0.19 30.86 13.12 7.58 14.81
12 0.02 0.21 30.18 0.31 30.20 13.25 8.75 17.29
24 0.03 0.21 29.31 0.44 28.97 12.97 10.06 18.20
35 0.03 0.23 28.54 0.57 27.84 12.68 11.24 18.88
(GBP)
0 0.00 2.41 0.00 97.59 0.00 0.00 0.00 0.00
1 0.03 5.21 0.06 90.88 1.94 1.12 0.04 0.72
12 0.05 6.87 0.08 86.62 3.45 1.26 0.03 1.63
24 0.05 7.12 0.10 85.73 4.12 1.36 0.09 1.41
35 0.05 7.23 0.13 85.11 4.64 1.43 0.19 1.22

%8 All abbreviations and acronyms are provided in Appendix A.
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Table 12.1. Continued

Horizon Nikkei JPY UsD GBP DEM FRF ANG ITL
(DEM)
0 0.00 20.16 0.00 35.39 31.77 12.27 0.00 0.41
1 0.03 20.78 0.25 32.43 30.61 8.48 481 2.61
12 0.03 23.30 0.60 31.77 31.49 5.65 4.45 2.42
24 0.03 23.92 0.69 30.72 31.44 5.34 5.22 2.64
35 0.03 24.30 0.74 29.86 31.08 5.26 5.91 2.82
(FRF)
0 0.00 0.43 0.00 0.00 0.00 99.57 0.00 0.00
1 0.01 5.94 0.00 2.27 7.29 76.13 0.88 7.49
12 0.01 7.61 0.11 1.29 7.26 69.60 2.67 11.45
24 0.01 7.65 0.15 0.90 6.32 68.49 3.70 12.77
35 0.01 7.58 0.19 0.68 5.57 67.85 451 13.63
(ANG)
0.00 9.32 0.00 463 415 1.60 46.53 33.77
1 0.00 10.68 0.36 5.29 3.78 1.21 47.86 30.81
12 0.00 13.76 0.63 7.52 433 0.58 46.94 26.25
24 0.00 15.23 0.66 9.21 5.36 0.57 44.23 2474
35 0.00 16.31 0.67 10.59 6.29 0.62 41.87 23.66
(TL)
0 0.00 6.16 0.00 0.00 0.00 0.00 0.00 93.84
1 0.00 6.21 0.27 0.10 0.78 0.63 3.35 88.66
12 0.00 6.86 0.46 0.05 0.95 0.94 5.94 84.80
24 0.00 6.90 0.46 0.03 0.80 0.93 7.71 83.17
35 0.00 6.85 0.44 0.05 0.68 0.90 9.13 81.94

Note: Decompositions at each step are given f@erfanke” factorization of the innovation corredaticovariance matrix.
The decompositions sum to one hundred in any @my SAC-based model results are reported.
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Table 12.2. Forecast Error Decomposition of U.S. 8tk Market and the Exchange
Rates, 1973-1998

Horizon SP JPY usD GBP DEM FRF ANG ITL
(SP)
0 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 97.26 0.06 0.01 0.00 0.08 0.09 0.91 1.59
12 96.55 0.05 0.01 0.02 0.05 0.10 1.19 2.03
24 95.88 0.04 0.01 0.06 0.03 0.09 1.56 2.32
35 95.33 0.04 0.01 0.11 0.02 0.09 1.87 2.54
JPY)
0 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.02 96.51 0.64 1.04 0.03 1.41 0.33 0.00
12 0.08 95.45 1.26 1.33 0.02 1.73 0.12 0.01
24 0.08 95.43 1.30 1.32 0.03 1.76 0.08 0.01
35 0.08 95.45 1.31 1.29 0.00 1.77 0.06 0.01
(USD)
0 2.29 0.26 49.13 0.49 34.18 13.20 0.00 0.45
1 2.00 0.30 32.46 0.18 29.46 12.55 7.85 15.20
12 1.95 0.12 29.65 0.33 28.82 12.70 8.83 17.61
24 1.90 0.09 28.89 0.48 27.54 12.38 10.17 18.55
35 1.85 0.07 28.39 0.63 26.56 12.09 11.25 19.15
(GBP)
0 0.00 2.41 0.00 97.59 0.00 0.00 0.00 0.00
1 0.00 4.92 0.06 91.17 1.95 1.14 0.04 0.72
12 0.00 6.63 0.08 86.97 3.42 1.25 0.04 1.61
24 0.00 7.14 0.10 85.89 4.03 1.32 0.12 1.40
35 0.00 7.49 0.12 85.07 4.48 1.36 0.25 1.23

%9 All abbreviations and acronyms are provided in Appendix A.



109

Table 12.2. Continued

Horizon SP JPY usD GBP DEM FRF ANG ITL
(DEM)
0 0.00 20.13 0.00 35.40 31.78 12.27 0.00 0.42
1 0.00 21.09 0.26 32.25 30.53 8.43 4.79 2.64
12 0.03 23.48 0.59 31.22 31.39 5.50 485 2.94
24 0.04 23.81 0.68 29.97 30.57 5.07 6.10 3.77
35 0.04 2391 0.73 28.96 29.82 4.86 7.17 450
(FRF)
0 0.00 0.44 0.00 0.00 0.00 99.56 0.00 0.00
1 0.01 5.90 0.00 2.28 7.24 76.20 0.88 7.50
12 0.01 7.19 0.10 1.32 7.39 69.54 2.69 11.77
24 0.01 6.84 0.13 0.95 6.50 68.47 3.71 13.39
35 0.01 6.44 0.15 0.73 5.77 67.88 451 14.50
(ANG)
0 0.00 9.29 0.00 463 415 1.60 4653 33.79
1 0.07 10.62 0.30 5.25 3.85 1.22 47.85 30.84
12 0.12 13.68 0.54 7.44 455 0.58 46.77 26.32
24 0.12 15.09 0.57 9.12 5.64 0.54 43.96 24.97
35 0.12 16.09 0.58 10.48 6.60 0.54 4153 24.06
(ITL)
0 0.00 6.14 0.00 0.00 0.00 0.00 0.00 93.86
1 0.13 6.19 0.22 0.10 0.67 0.55 3.32 88.80
12 0.23 7.15 0.38 0.05 0.77 0.84 6.01 84.57
24 0.23 7.52 0.38 0.03 0.62 0.82 7.89 82.50
35 0.23 7.77 0.38 0.05 0.50 0.78 9.41 80.87

Note: Decompositions at each step are given f@erfanke” factorization of the innovation corredaticovariance matrix.
The decompositions sum to one hundred in any @my SAC-based model results are reported.
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Table 12.3. Forecast Error Decomposition of U.K. Sick Market and the Exchange
Rates, 1973-1998

Horizon FTSE JPY usD GBP DEM FRF ANG ITL
(FTSE)
0 95.90 0.87 0.00 1.32 1.19 0.46 0.11 0.15
1 97.62 0.73 0.01 0.58 0.71 0.20 0.08 0.07
12 98.29 0.83 0.01 0.10 0.58 0.10 0.04 0.04
24 98.34 0.84 0.01 0.06 0.55 0.09 0.05 0.05
35 98.35 0.84 0.01 0.04 0.53 0.09 0.07 0.06
aPY)
0 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.01 96.47 0.64 1.10 0.04 1.41 0.33 0.00
12 0.01 95.53 1.28 1.32 0.02 1.72 0.10 0.02
24 0.01 95.58 1.32 1.24 0.04 1.71 0.06 0.03
35 0.01 95.65 1.33 1.17 0.05 1.69 0.04 0.05
(USD)
0 0.00 0.24 49.30 0.47 35.72 13.80 0.00 0.47
1 0.03 0.27 33.18 0.16 30.78 13.10 7.61 14.87
12 0.07 0.10 30.43 0.25 29.69 13.08 8.73 17.65
24 0.08 0.07 29.57 0.40 28.05 12.60 10.16 19.07
35 0.09 0.05 28.97 0.55 26.79 12.18 11.29 20.08
(GBP)
0 0.00 2.46 0.00 97.54 0.00 0.00 0.00 0.00
1 0.22 4.82 0.06 91.19 1.87 1.08 0.04 0.71
12 0.48 6.16 0.09 87.18 3.26 1.21 0.04 1.59
24 0.49 6.37 0.11 86.32 3.89 1.30 0.12 1.39
35 0.50 6.48 0.14 85.70 4.36 1.35 0.25 1.23

8 All abbreviations and acronyms are provided in Appendix A.
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Table 12.3. Continued

Horizon FTSE JPY usD GBP DEM FRF ANG ITL
(DEM)
0 0.00 20.13 0.00 35.33 31.83 12.30 0.00 0.42
1 0.14 21.42 0.24 31.51 30.73 8.51 4.79 2.65
12 0.24 2454 0.59 29.89 31.40 5.54 487 2.92
24 0.25 25.26 0.70 28.86 30.20 5.00 6.15 3.60
35 0.24 25.67 0.77 28.08 29.11 470 7.27 416
(FRF)
0.00 0.44 0.00 0.00 0.00 99.56 0.00 0.00
1 0.01 5.90 0.00 2.37 7.29 76.02 0.87 7.55
12 0.00 7.84 0.12 1.39 7.42 68.90 2.72 11.62
24 0.00 8.07 0.17 1.07 6.57 67.32 3.83 12.97
35 0.00 8.16 0.21 0.88 5.88 66.30 474 13.83
(ANG)
0 0.00 9.30 0.00 462 416 1.61 46.49 33.81
1 0.01 10.66 0.35 5.19 3.81 1.22 47.90 30.86
12 0.03 13.82 0.62 7.19 4.42 0.56 47.28 26.09
24 0.04 15.29 0.64 8.79 5.48 0.52 44.86 24.37
35 0.05 16.38 0.65 10.13 6.43 0.53 4271 23.13
(ITL)
0 0.00 6.13 0.00 0.00 0.00 0.00 0.00 93.87
1 0.05 6.27 0.27 0.15 0.73 0.60 3.34 88.57
12 0.18 7.55 0.46 0.11 0.77 0.90 6.13 83.90
24 0.22 8.11 0.47 0.06 0.58 0.91 8.13 81.52
35 0.24 8.54 0.46 0.06 0.45 0.90 9.74 79.61

Note: Decompositions at each step are given f@earfanke” factorization of the innovation corretaticovariance matrix.
The decompositions sum to one hundred in any @nly SAC-based model results are reported.
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Table 12.4. Forecast Error Decomposition of Germastock Market and the

Exchange Rates, 1973-1988

Horizon DAX JPY usD GBP DEM FRF ANG ITL
(DAX)
0 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 99.20 0.09 0.06 0.09 0.14 0.33 0.06 0.01
12 98.76 0.12 0.13 0.14 0.26 0.43 0.13 0.02
24 98.30 0.13 0.15 0.23 0.38 0.46 0.33 0.02
35 97.85 0.13 0.17 0.31 0.49 0.48 0.54 0.03
JPY)
0 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.08 96.51 0.66 1.00 0.04 1.38 0.33 0.00
12 0.08 95.52 1.31 1.25 0.02 1.70 0.11 0.01
24 0.08 95.54 1.36 1.21 0.03 1.71 0.06 0.02
35 0.08 95.59 1.37 1.16 0.04 1.70 0.04 0.02
(USD)
0 1.80 0.42 49.13 0.68 34.99 12.56 0.00 0.43
1 1.72 0.24 33.17 0.29 30.33 12.03 7.59 14.62
12 1.75 0.05 30.46 0.47 29.69 12.26 8.50 16.84
24 1.69 0.03 29.75 0.64 28.41 12.06 9.74 17.68
35 1.65 0.02 29.28 0.81 27.43 11.91 10.72 18.19
(GBP)
0 0.00 2.40 0.00 97.60 0.00 0.00 0.00 0.00
1 0.08 478 0.06 91.33 1.95 1.06 0.04 0.71
12 0.10 6.45 0.07 87.16 3.47 1.17 0.05 1.54
24 0.11 6.95 0.09 86.00 4.14 1.24 0.16 1.30
35 0.13 7.30 0.11 85.09 4.65 1.28 0.33 1.11

8L All abbreviations and acronyms are provided in Appendix A.
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Table 12.4. Continued

Horizon DAX JPY USD GBP DEM FRF ANG ITL
(DEM)
0 1.65 19.37 0.00 35.02 32.07 11.51 0.00 0.39
1 1.30 20.49 0.25 31.87 30.72 7.83 491 2.62
12 1.10 23.09 0.62 30.82 31.30 4.98 5.11 2.98
24 1.04 23.52 0.72 29.49 30.28 457 6.52 3.87
35 1.00 23.69 0.78 28.40 29.36 439 7.73 465
(FRF)
0 2.38 0.70 0.00 0.00 0.00 96.92 0.00 0.00
1 1.31 6.23 0.00 2.07 7.08 74.97 0.89 7.45
12 0.62 8.24 0.10 1.21 7.26 68.45 2.64 11.47
24 0.58 8.52 0.15 0.91 6.53 66.85 3.58 12.89
35 0.58 8.66 0.18 0.72 5.93 65.79 430 13.84
(ANG)
0.21 9.04 0.00 4.48 4.10 1.47 46.85 33.84
1 0.17 10.42 0.36 5.16 3.74 1.11 48.19 30.86
12 0.13 13.51 0.63 7.35 427 0.51 47.27 26.33
24 0.15 14.93 0.66 8.99 5.28 0.50 4454 24.94
35 0.18 15.95 0.67 10.33 6.18 0.53 42.15 24.01
(ITL)
0 0.00 6.16 0.00 0.00 0.00 0.00 0.00 93.84
1 0.06 6.28 0.27 0.85 0.75 0.58 3.35 88.61
12 0.09 7.31 0.47 0.04 0.87 0.86 6.42 83.94
24 0.08 7.69 0.47 0.03 0.69 0.85 8.78 81.41
35 0.07 7.93 0.46 0.06 0.56 0.83 10.75 79.36

Note: Decompositions at each step are given f@earfanke” factorization of the innovation corretaticovariance matrix.
The decompositions sum to one hundred in any @nly SAC-based model results are reported.



Table 12.5. Forecast Error Decomposition of Frenclstock Market and the
Exchange Rates, 1973-1988
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Horizon DSFRA JPY usD GBP DEM FRF ANG ITL
(DSFRA)
0 96.48 0.16 0.00 0.03 0.03 2.73 0.34 0.23
1 93.71 0.08 0.00 0.07 0.43 5.35 0.24 0.12
12 93.01 0.01 0.00 0.02 0.49 6.34 0.08 0.05
24 93.00 0.01 0.00 0.01 0.48 6.39 0.06 0.05
35 93.03 0.00 0.00 0.01 0.47 6.38 0.04 0.06
JPY)
0 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.33 96.48 0.64 1.07 0.05 1.13 0.30 0.00
12 0.45 95.50 1.27 1.32 0.02 1.33 0.10 0.02
24 0.45 95.49 1.31 1.29 0.02 1.34 0.05 0.04
35 0.44 95.52 1.32 1.25 0.03 1.33 0.04 0.06
(USD)
0 3.31 0.21 49.13 0.26 36.29 10.78 0.01 0.01
1 2.81 0.30 33.89 0.08 32.02 10.77 8.27 11.85
12 2.36 0.13 31.27 0.18 31.24 11.30 9.53 13.98
24 2.21 0.10 30.39 0.32 29.61 10.97 11.04 15.37
35 2.09 0.08 29.76 0.45 28.34 10.66 12.23 16.40
(GBP)
0 0.00 2.41 0.00 97.59 0.00 0.00 0.00 0.00
1 0.15 4.97 0.07 91.23 2.02 1.03 0.03 0.51
12 0.13 6.45 0.09 87.31 3.57 1.22 0.04 1.18
24 0.15 6.67 0.12 86.42 4.24 1.30 0.12 0.98
35 0.16 6.76 0.15 85.76 474 1.35 0.25 0.82

82 All abbreviations and acronyms are provided in Appendix A.
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Table 12.5. Continued

Horizon DSFRA JPY UsD GBP DEM FRF ANG ITL
(DEM)
0 2.87 19.84 0.00 36.49 31.45 9.34 0.01 0.01
1 2.12 21.00 0.24 33.56 30.41 6.41 4.85 1.41
12 1.49 23.99 0.59 32.45 31.12 4.07 4.99 1.29
24 1.36 24.97 0.69 31.03 30.29 3.72 6.21 1.72
35 1.29 25.64 0.76 29.86 29.51 3.55 7.26 2.12
(FRF)
0 17.99 0.34 0.00 0.01 0.01 81.56 0.06 0.04
1 14.69 5.83 0.00 2.47 7.42 63.21 0.73 5.66
12 15.03 7.69 0.10 1.14 7.49 56.79 2.32 9.16
24 14.99 7.91 0.14 1.01 55.33 3.44 10.63
35 14.90 7.99 0.18 0.77 5.80 54.35 437 11.62
(ANG)
0.28 9.38 0.00 481 414 1.26 47.86 32.26
1 0.22 10.71 0.35 5.46 3.76 0.96 49.16 29.38
12 0.06 13.77 0.61 7.71 432 0.47 4857 24.48
24 0.05 15.25 0.64 9.43 5.37 0.44 46.20 22.60
35 0.05 16.36 0.64 10.83 6.32 0.44 44.08 21.27
(ITL)
0 0.00 6.16 0.00 0.00 0.00 0.00 0.00 93.84
1 0.17 6.19 0.26 0.10 0.75 0.44 3.40 88.68
12 0.22 7.38 0.46 0.04 0.80 0.68 6.00 84.42
24 0.21 8.10 0.48 0.06 0.57 0.69 7.73 82.17
35 0.19 8.71 0.48 0.13 0.42 0.67 9.06 80.33

Note: Decompositions at each step are given f@earfanke” factorization of the innovation corretaticovariance matrix.
The decompositions sum to one hundred in any @nly SAC-based model results are reported.
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Table 12.6. Forecast Error Decomposition of Netheainds Stock Market and the

Exchange Rates, 1973-1988

Horizon AEX JPY usD GBP DEM FRF ANG ITL
(AEX)
0 58.22 2.43 0.00 4.33 3.75 1.88 27.28 2.11
1 66.32 2.62 0.30 3.54 2.49 1.23 20.12 3.38
12 75.01 3.44 0.52 3.31 1.11 0.30 10.87 459
24 77.72 3.75 0.52 3.64 1.13 0.19 8.03 5.02
35 78.55 3.95 0.51 3.93 1.23 0.15 6.39 5.29
PY)
0 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.06 96.49 0.66 1.02 0.04 1.42 0.30 0.01
12 0.04 95.45 1.30 1.32 0.01 1.78 0.09 0.01
24 0.04 95.46 1.34 1.29 0.02 1.80 0.05 0.01
35 0.04 95.50 1.35 1.26 0.02 1.79 0.03 0.01
(USD)
0 0.05 0.22 48.68 0.30 35.96 14.28 0.02 0.49
1 1.04 0.09 31.31 0.46 36.12 15.81 14.96 0.23
12 1.10 0.01 28.44 0.16 36.87 16.52 16.70 0.21
24 1.07 0.01 27.74 0.10 35.90 16.30 18.71 0.17
35 1.03 0.02 27.27 0.07 35.09 16.07 20.30 0.14
(GBP)
0 0.00 2.44 0.00 97.56 0.00 0.00 0.00 0.00
1 0.54 4.76 0.08 90.69 2.45 1.43 0.03 0.02
12 0.91 6.07 0.11 86.28 4.59 1.80 0.24 0.01
24 0.93 6.21 0.14 85.41 5.27 1.89 0.14 0.00
35 0.93 6.22 0.17 84.80 5.76 1.95 0.17 0.00

83 All abbreviations and acronyms are provided in Appendix A.
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Table 12.6. Continued

Horizon AEX JPY UsD GBP DEM FRF ANG ITL
(DEM)
0 0.00 19.65 0.00 36.37 31.46 12.52 0.00 0.00
1 0.10 19.61 0.27 34.19 31.13 8.78 5.90 0.00
12 0.13 2153 0.63 33.60 32.16 6.08 5.88 0.00
24 0.11 21.49 0.72 32.73 31.64 5.76 7.42 0.00
35 0.09 21.34 0.77 32.00 31.11 5.63 9.06 0.01
(FRF)
0.00 0.44 0.00 0.00 0.00 99.56 0.00 0.00
1 2.18 4.93 0.00 453 10.49 73.53 434 0.00
12 2.74 6.45 0.12 3.83 12.00 65.19 9.68 0.01
24 2.89 6.52 0.17 3.42 11.36 63.35 12.29 0.00
35 2.99 6.51 0.21 3.12 10.72 62.18 14.27 0.00
(ANG)
0 0.65 5.82 0.00 10.94 9.46 3.83 68.86 0.45
1 0.51 7.05 0.35 11.50 8.68 3.03 68.42 0.47
12 0.13 9.76 0.61 13.91 8.96 1.81 64.33 0.49
24 0.09 11.02 0.64 15.78 10.12 1.70 60.21 0.43
35 0.08 11.94 0.64 17.25 11.15 1.68 56.87 0.38
(ITL)
0 8.76 0.11 0.00 0.65 0.56 0.28 411 85.52
1 7.40 0.07 0.10 0.48 0.38 0.24 2.76 88.56
12 6.53 0.02 0.13 0.47 0.47 0.08 0.60 92.12
24 6.50 6.40 0.02 0.13 0.46 0.05 0.36 9254
35 6.34 0.02 0.12 0.46 0.04 0.02 0.26 92.74

Note: Decompositions at each step are given f@eaarfanke” factorization of the innovation corredaticovariance matrix.
The decompositions sum to one hundred in any @mly SAC-based model results are reported.
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Exchange Rates, 1973-1988
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Horizon DSITL JPY USD GBP DEM FRF ANG ITL
(DSITL)
0 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 97.99 0.01 0.00 0.12 0.09 0.03 0.36 1.40
12 97.45 0.00 0.03 0.15 0.03 0.01 0.42 1.92
24 96.99 0.00 0.03 0.11 0.02 0.00 0.64 2.20
35 96.59 0.00 0.04 0.08 0.01 0.00 0.84 2.42
(IPY)
0 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.01 96.46 0.64 1.06 0.05 1.44 0.33 0.01
12 0.01 95.49 1.28 1.30 0.02 1.77 0.12 0.02
24 0.01 95.50 1.33 1.24 0.03 1.80 0.07 0.02
35 0.01 95.54 1.34 1.19 0.04 1.80 0.05 0.03
(USD)
0 0.45 0.20 48.63 0.25 36.09 14.38 0.00 0.00
1 0.52 0.20 34.07 0.08 3252 14.24 7.83 10.50
12 0.42 0.08 31.60 0.18 31.99 14.76 8.73 12.24
24 0.48 0.06 30.87 0.32 30.43 14.64 9.86 13.35
35 0.53 0.04 30.37 0.46 29.20 14.54 10.70 14.17
(GBP)
0 0.00 2.41 0.00 97.59 0.00 0.00 0.00 0.00
1 0.04 491 0.06 91.33 1.99 1.19 0.04 0.44
12 0.11 6.35 0.08 87.44 3.55 1.36 0.04 1.07
24 0.09 6.56 0.10 86.46 4.28 1.49 0.10 0.91
35 0.08 6.64 0.13 85.71 4.87 1.59 0.20 0.79

8 All abbreviations and acronyms are provided in Appendix A.
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Table 12.7. Continued

Horizon DSITL JPY UsD GBP DEM FRF ANG ITL
(DEM)
0 0.00 19.67 0.00 36.42 31.39 12.51 0.00 0.00
1 0.12 21.00 0.24 33.69 30.51 8.77 4.70 1.12
12 0.18 23.12 0.59 33.03 31.60 5.83 461 1.05
24 0.24 2351 0.68 32.01 31.09 5.42 5.64 1.41
35 0.30 23.67 0.74 31.15 30.59 5.24 6.54 1.78
(FRF)
0 0.00 0.43 0.00 0.00 0.00 99.57 0.00 0.00
1 0.81 5.73 0.00 2.54 7.55 77.16 0.91 5.30
12 1.56 7.41 0.12 1.53 7.67 69.99 2.97 8.75
24 1.81 7.52 0.16 1.15 6.78 68.03 430 10.25
35 1.97 7.53 0.20 0.92 6.06 66.63 5.37 11.31
(ANG)
0 3.05 8.77 0.00 4.94 4.26 1.70 47.91 29.36
1 2.93 10.06 0.36 5.60 3.87 1.28 49.21 26.69
12 2.74 13.15 0.62 7.92 4.46 0.59 48.19 2233
24 2.63 14.54 0.65 9.61 5.49 0.54 45.37 20.83
35 2.53 15.74 0.66 11.25 6.60 0.55 42.88 19.80
(ITL)
0 13.42 4.90 0.00 0.00 0.00 0.00 0.00 81.68
1 13.99 4.86 0.26 0.11 0.77 0.64 3.31 76.07
12 14.98 5.73 0.43 0.06 0.87 0.97 5.80 71.16
24 14.94 6.17 0.44 0.04 0.69 1.00 7.51 69.21
35 14.82 6.51 0.43 0.06 0.55 1.02 8.87 67.74

Note: Decompositions at each step are given f@earfanke” factorization of the innovation corretaticovariance matrix.
The decompositions sum to one hundred in any @nly SAC-based model results are reported.
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Table 13.1. Forecast Error Decomposition of JapanesStock Market and the
Exchange Rates, 1999-206%

Horizon Nikkei JPY USD GBP EUR
(Nikkei)
0 100.00 0.00 0.00 0.00 0.00
1 99.53 0.00 0.03 0.34 0.10
12 98.75 0.07 0.31 0.70 0.17
24 98.75 0.07 0.31 0.70 0.17
35 98.75 0.07 0.31 0.70 0.17
(JPY)
0 0.00 100.00 0.00 0.00 0.00
1 0.09 99.59 0.00 0.31 0.00
12 0.21 98.87 0.15 0.65 0.12
24 0.21 98.87 0.15 0.65 0.12
35 0.21 98.87 0.15 0.65 0.12
(USD)
0 0.44 1.95 1.70 36.36 59.56
1 0.80 2.19 1.53 37.64 57.83
12 1.04 2.29 1.51 38.27 56.89
24 1.04 2.29 1.51 38.27 56.89
35 1.04 2.29 1.51 38.27 56.89
(GBP)
0 0.00 33.35 0.00 66.65 0.00
1 0.03 34.56 0.06 65.32 0.03
12 0.19 34.59 0.13 64.84 0.26
24 0.19 34.59 0.13 64.84 0.26
35 0.19 34.59 0.13 64.84 0.26
(EUR)
0 0.55 25.32 0.00 0.00 74.13
1 0.75 24.07 0.00 0.07 75.12
12 0.91 23.41 0.15 0.68 74.84
24 0.91 23.41 0.15 0.68 74.84
35 0.91 23.41 0.15 0.68 74.84

Note: Euro substitutes German mark, French franc, Nethetlgnittder, and Italian lira. Decompositions
at each step are given for a “Bernanke” factorization ofrthevation correlation/ covariance matrix. The
decompositions sum to one hundred in any row. Only 8A€2d model results are reported.

8 All abbreviations and acronyms are provided in Appendix A.
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Table 13.2. Forecast Error Decomposition of U.S. 8tk Market and the Exchange
Rates, 1999-200%

Horizon SP JPY USD GBP EUR
(SP)
0 100.00 0.00 0.00 0.00 0.00
1 99.79 0.07 0.01 0.13 0.00
12 99.43 0.13 0.13 0.26 0.05
24 99.43 0.13 0.13 0.26 0.05
35 99.43 0.13 0.13 0.26 0.05
(JPY)
0 0.00 100.00 0.00 0.00 0.00
1 0.15 99.56 0.00 0.29 0.00
12 0.74 98.55 0.14 0.54 0.03
24 0.74 98.55 0.14 0.54 0.03
35 0.74 98.55 0.14 0.54 0.03
(USD)
0 0.00 1.80 1.75 3751 58.94
1 1.59 1.96 156  38.58 56.31
12 4.14 1.95 1.48  38.30 54.12
24 4.14 1.95 1.48  38.30 54.12
35 4.14 1.95 1.48  38.30 54.12
(GBP)
0 0.00 33.28 0.00  66.72 0.00
1 0.11 34.02 0.06  65.80 0.02
12 0.22 34.08 0.13  65.30 0.27
24 0.22 34.08 0.13  65.30 0.27
35 0.22 34.08 0.13  65.30 0.27
(EUR)
0 0.00 26.82 0.00 0.00 73.18
1 2.42 23.85 0.01 0.27 73.54
12 8.03 21.87 0.10 0.66 69.34
24 8.03 21.87 0.10 0.66 69.34
35 8.03 21.87 0.10 0.66 69.34

Note: Euro substitutes German mark, French franc, Netherlguittder, and Italian lira. Decompositions
at each step are given for a “Bernanke” factorization ofrthevation correlation/ covariance matrix. The
decompositions sum to one hundred in any row. Only 8A€2d model results are reported.

% All abbreviations and acronyms are provided in Appendix A.
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Table 13.3. Forecast Error Decomposition of U.K. Sick Market and the Exchange
Rates, 1999-2004

Horizon FTSE JPY USD GBP EUR
(FTSE)
0 91.61 2.80 0.00 5.59 0.00
1 92.31 3.08 0.00 4.61 0.00
12 92.17 3.16 0.07 4.58 0.02
24 92.17 3.16 0.07 4.58 0.02
35 92.17 3.16 0.07 4.58 0.02
(JPY)
0 0.00 100.00 0.00 0.00 0.00
1 0.00 99.59 0.01 0.40 0.00
12 0.22 98.66 0.17 0.84 0.12
24 0.22 98.66 0.17 0.84 0.12
35 0.22 98.66 0.17 0.84 0.12
(USD)
0 0.00 1.53 1.72 36.47 60.29
1 0.78 1.57 1.55 37.67 58.43
12 1.67 1.59 1.52 37.95 57.27
24 1.67 1.59 1.52 37.95 57.27
35 1.67 1.59 1.52 37.95 57.27
(GBP)
0 0.00 33.41 0.00 66.59 0.00
1 0.31 34.36 0.06 65.22 0.05
12 0.78 34.29 0.15 64.51 0.27
24 0.78 34.29 0.15 64.51 0.27
35 0.78 34.29 0.15 64.51 0.27
(EUR)
0 0.00 26.82 0.00 0.00 73.18
1 0.29 25.73 0.00 0.06 73.92
12 1.06 24.90 0.15 0.63 73.27
24 1.06 24.90 0.15 0.63 73.27
35 1.06 24.90 0.15 0.63 73.27

Note: Euro substitutes German mark, French franc, Nethetlgnittder, and Italian lira. Decompositions
at each step are given for a “Bernanke” factorization ofrthevation correlation/ covariance matrix. The
decompositions sum to one hundred in any row. Only 8A€2d model results are reported.

87 All abbreviations and acronyms are provided in Appendix A.
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Table 13.4. Forecast Error Decomposition of Germastock Market and the
Exchange Rates, 1999-206%

Horizon DAX JPY USD GBP EUR
(DAX)
0 95.55 1.19 0.00 0.00 3.26
1 95.11 1.54 0.02 0.01 3.32
12 94.58 1.79 0.06 0.15 3.42
24 94.58 1.79 0.06 0.15 3.42
35 94.58 1.79 0.06 0.15 3.42
(JPY)
0 0.00 100.00 0.00 0.00 0.00
1 0.04 99.51 0.01 0.44 0.01
12 0.64 98.05 0.19 0.97 0.15
24 0.64 98.05 0.19 0.97 0.15
35 0.64 98.05 0.19 0.97 0.15
(USD)
0 0.00 1.66 1.73 36.75 59.86
1 1.28 1.79 1.53 37.68 57.73
12 2.93 1.83 1.48 37.69 56.06
24 2.93 1.83 1.48 37.69 56.06
35 2.93 1.83 1.48 37.69 56.06
(GBP)
0 0.00 33.11 0.00 66.89 0.00
1 0.26 34.10 0.08 65.47 0.09
12 1.28 33.81 0.20 64.38 0.33
24 1.28 33.81 0.20 64.38 0.33
35 1.28 33.81 0.20 64.38 0.33
(EUR)
0 0.00 26.77 0.00 0.00 73.23
1 1.00 25.39 0.00 0.00 73.57
12 2.94 24.29 0.16 0.57 72.04
24 2.94 24.29 0.16 0.57 72.04
35 2.94 24.29 0.16 0.57 72.04

Note: Euro substitutes German mark, French franc, Netherlignittder, and Italian lira. Decompositions
at each step are given for a “Bernanke” factorization ofrthevation correlation/ covariance matrix. The
decompositions sum to one hundred in any row. Only 8A€2d model results are reported.

8 All abbreviations and acronyms are provided in Appendix A.
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Table 13.5. Forecast Error Decomposition of Frenclstock Market and the
Exchange Rates, 1999-206%

Horizon DSFRA JPY USD GBP EUR
(DSFRA)
0 96.14 3.86 0.00 0.00 0.00
1 95.99 3.96 0.01 0.02 0.02
12 95.27 4.30 0.08 0.21 0.16
24 95.27 4.30 0.08 0.21 0.16
35 95.27 4.30 0.08 0.21 0.16
(JPY)
0 0.00 100.00 0.00 0.00 0.00
1 0.06 99.52 0.01 0.40 0.01
12 0.43 98.31 0.16 0.87 0.22
24 0.43 98.31 0.16 0.87 0.22
35 0.43 98.31 0.16 0.87 0.22
(USD)
0 0.00 1.64 1.72 36.68 59.95
1 1.14 1.70 1.60 38.43 57.13
12 2.56 1.76 1.56 38.65 55.48
24 2.56 1.76 1.56 38.65 55.48
35 2.56 1.76 1.56 38.65 55.48
(GBP)
0 0.00 33.21 0.00 66.79 0.00
1 0.33 34.21 0.07 65.26 0.14
12 0.95 34.08 0.16 64.48 0.34
24 0.95 34.08 0.16 64.48 0.34
35 0.95 34.08 0.16 64.48 0.34
(EUR)
0 0.00 26.73 0.00 0.00 73.27
1 0.89 26.07 0.00 0.05 72.99
12 2.56 25.10 0.14 0.58 71.62
24 2.56 25.10 0.14 0.58 71.62
35 2.56 25.10 0.14 0.58 71.62

Note: Euro substitutes German mark, French franc, Netherlignittder, and Italian lira. Decompositions
at each step are given for a “Bernanke” factorization ofrthevation correlation/ covariance matrix. The
decompositions sum to one hundred in any row. Only 8A€2d model results are reported.

% All abbreviations and acronyms are provided in Appendix A.
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Table 13.6. Forecast Error Decomposition of Netheainds Stock Market and the
Exchange Rates, 1999-200%

Horizon AEX JPY USD GBP EUR
(AEX)
0 97.31 2.69 0.00 0.00 0.00
1 96.98 3.00 0.00 0.01 0.00
12 96.61 3.32 0.03 0.02 0.03
24 96.61 3.32 0.03 0.02 0.03
35 96.61 3.32 0.03 0.02 0.03
(JPY)
0 0.00 100.00 0.00 0.00 0.00
1 0.02 99.58 0.01 0.39 0.01
12 0.36 98.41 0.18 0.83 0.21
24 0.36 98.41 0.18 0.83 0.21
35 0.36 98.41 0.18 0.83 0.21
(USD)
0 0.00 1.60 1.73 37.04 59.63
1 1.19 1.65 1.57 38.69 56.90
12 2.55 1.68 1.53 39.01 55.23
24 2.55 1.68 1.53 39.01 55.23
35 2.55 1.68 1.53 39.01 55.23
(GBP)
0 0.00 33.25 0.00 66.75 0.00
1 0.04 34.35 0.07 65.45 0.09
12 0.37 34.32 0.17 64.90 0.24
24 0.37 34.32 0.17 64.90 0.24
35 0.37 34.32 0.17 64.90 0.24
(EUR)
0 0.00 27.01 0.00 0.00 72.99
1 1.29 26.26 0.00 0.06 72.39
12 3.32 25.20 0.14 0.62 70.71
24 3.32 25.20 0.14 0.62 70.71
35 3.32 25.20 0.14 0.62 70.71

Note: Euro substitutes German mark, French franc, Netherlignittder, and Italian lira. Decompositions
at each step are given for a “Bernanke” factorization ofrthevation correlation/ covariance matrix. The
decompositions sum to one hundred in any row. Only 8A€2d model results are reported.

0 All abbreviations and acronyms are provided in Appendix A.
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Table 13.7. Forecast Error Decomposition of ItaliarStock Market and the
Exchange Rates, 1999-2004

Horizon DSITL JPY USD GBP EUR
(DSITL)
0 91.16 2.38 0.00 0.00 6.46
1 90.60 2.61 0.00 0.00 6.79
12 90.12 2.94 0.02 0.04 6.89
24 90.12 2.94 0.02 0.04 6.89
35 90.12 2.94 0.02 0.04 6.89
(JPY)
0 0.00 100.00 0.00 0.00 0.00
1 0.01 99.59 0.01 0.39 0.00
12 0.16 98.71 0.16 0.84 0.12
24 0.16 98.71 0.16 0.84 0.12
35 0.16 98.71 0.16 0.84 0.12
(USD)
0 0.00 1.57 1.72 36.59 60.12
1 0.96 1.68 1.57 37.61 58.18
12 2.31 1.73 1.53 37.75 56.68
24 2.31 1.73 1.53 37.75 56.68
35 2.31 1.73 1.53 37.75 56.68
(GBP)
0 0.00 33.33 0.00 66.67 0.00
1 0.27 34.32 0.06 65.28 0.07
12 0.91 34.18 0.15 64.47 0.29
24 0.91 34.18 0.15 64.47 0.29
35 0.91 34.18 0.15 64.47 0.29
(EUR)
0 0.00 26.88 0.00 0.00 73.12
1 0.55 25.65 0.00 0.05 73.75
12 1.65 24.73 0.14 0.60 72.87
24 1.65 24.73 0.14 0.60 72.87
35 1.65 24.73 0.14 0.60 72.87

Note: Euro substitutes German mark, French franc, Nethetlgmittder, and Italian lira. Decompositions
at each step are given for a “Bernanke” factorization ofrthevation correlation/ covariance matrix. The
decompositions sum to one hundred in any row. Only 8A€2d model results are reported.

L All abbreviations and acronyms are provided in Appendix A.
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APPENDIX D

OLS RESULTS"?

There are four separate tables attached to teisTiile tables represent the OLS
regression results that show that for all pericd€$®ased models yield significant
exposure estimates relative to the models baséatcahcurrency. All tables contain
three main sections: pre-euro period (1973-1998) period (1999-2004), and the total
period (1999-2004). Both local currency-based modad SAC-based models are
reported for all the periods.

Table 14 represents OLS regression results foy datia on stock market indices
and the respective exchange rates for the countnésr the study. The results are based
on both the local currency model and SAC modepgnods 1973-1998 and 1999-2004
respectively. Similarly, Table 15 shows OLS regi@ssesults for daily data on stock
market indices and the exchange rates for the desninder the study. The results are
again based on both local currency model and SAGehfor periods 1973-1998 and
1999-2004.

Tables 16 and 17 report OLS regression resultmtorthly data including both
local currency-based models and SAC-based modefefiods 1973-1998 and 1999-
2004. Table 16 reports regression results of stoaiet indices and the respective
exchange rates, and Table 17 shows regressionge$gtock market indices and the

exchange rates.

2 All abbreviations and acronyms are provided in Appendix A.
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