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1. Introduction

Mutual relations between foreign exchange markets and stock markets
have attracted much attention of researchers and academics since the be-
ginning of 1990s. The last quarter of the century has witnessed significant
changes in the international financial system such as the emergence of new
capital markets, gradual abolishment of capital inflow barriers and foreign
exchange restrictions, or the adoption of more flexible exchange rate ar-
rangements in emerging and transition countries. All the mentioned fea-
tures have broadened the variety of investment opportunities but, on
the other hand, they have also increased the volatility of exchange rates
and added a substantial portion of risk to the overall investment decision
and portfolio diversification process. Studying the interaction between for-
eign exchange and stock markets has therefore become more complex and
has received more research interest than before.

There is theoretical consensus neither on the existence of relationship be-
tween stock prices and exchange rates nor on the direction of the relation-
ship. Considering “flow-oriented” models and “stock-oriented” models as two
basic approaches to the exchange rate determination, a cardinal disagree-
ment can be found. Flow models assume that the exchange rate is deter-
mined largely by a country’s current account or trade balance performance.
These models posit that changes in exchange rates affect international com-
petitiveness and trade balance, thereby influencing real economic variables
such as real income and output (Dornbusch — Fisher, 1980). Stock prices,
usually defined as a present value of future cash flows of companies, should
adjust to the economic perspectives. Thus, flow oriented models represent
a positive relationship between stock prices and exchanges rates with di-
rection of causation running from exchange rates to stock prices.! The con-
clusion of a positive relationship stems from the assumption of using direct
exchange rate quotation.?

On the other hand, stock oriented models put much stress on the role of
the financial (formerly capital) account in the exchange rates determina-
tion. These models can be distinguished on portfolio balance models and
monetary models. Portfolio balance models postulate a negative relation-
ship between stock prices and exchange rates and come to the conclusion
that stock prices have an impact on exchange rates.? Such models presume
an internationally diversified portfolios and the role of exchange rates to
balance the demand for and the supply of domestic as well as foreign as-
sets. A rise in domestic stocks prices leads to the appreciation of domestic



currency through direct and indirect channels. A rise in prices encourages
investors to buy more domestic assets simultaneously selling foreign assets
to obtain domestic currency indispensable for buying new domestic stocks.
The described shifts in demand and supply of currencies cause domestic
currency appreciation. The indirect channel grounds in the following causal-
ity chain. An increase in domestic assets prices results in growth of wealth,
which leads investors to increase their demand for money, which in turn
raises domestic interest rates. Higher interest rates attract foreign capital
and initiate an increase in foreign demand for domestic currency and its
subsequent appreciation. According to the monetary approach an exchange
rate is the price of an asset (one unit of foreign currency) and therefore
the actual exchange rate has to be determined by the expected future ex-
change rate similarly like prices of other assets.* The only factors influ-
encing the actual exchange rate are those which affect the future value of
the exchange rate. Since developments of stock prices and exchange rates
may be driven by different factors the asset market approach emphasizes
no linkage between stock prices and exchange rates.?

As theoretical economics as well as empirical researchers are far from any
consensus related to the interactions between stock markets and foreign
exchange markets it is advisable to carry out further tests and analysis of
this kind of issue. However, this paper is mainly motivated by some other
aspects. The vast majority of empirical research already performed has been
focused on developed countries and on the USA above all. A wave of cur-
rency and financial crises in 1990s redirected an interest to the emerging
economies which also suffered from the consequences of the crises. The Eu-
ropean continent generally and region of Central and Eastern Europe prin-
cipally have been neglected so far. The concentration of our study on four
old and four new EU-member countries along with the USA may provide
another insight into the issue. Moreover, our motivation is strengthened by
the enlargement of the EU which took place on May 1, 2004. Ten countries
joined the EU, which opened a space for comparison with the old member
countries in many characteristics. The main purpose of this paper is to de-
tect whether there have been any relationships between stock prices and
exchange rates in the old and some new members of the EU and to realize
what kind of causalities prevail in the case of its existence. The paper also
tries to answer the question whether the linkages between analyzed eco-
nomic variables are of a similar intensity and direction in the old and new
part of the EU and in the USA. All studies use either nominal or real ex-
change rates but they do not employ both into analysis with the same data
on stock prices. Since we perceive the differences between the development
of nominal and real exchange rates, mainly in transition countries, as sig-
nificant this paper is the first attempt to evaluate the causalities using two
types of exchange rates simultaneously.

In order for our purposes to be accomplished, this study proceeds as fol-
lows. The next section presents a review of the relevant empirical litera-
ture. Section 2 explains methodological issues and describes the data em-
ployed. Section 3 contains the empirical results and the last section
discusses the findings and summarizes the conclusions.



2. Review of Relevant Literature

Early studies estimating relationships between stock prices and exchange
rates considered only simple regression and the correlation between the two
variables. The first study was a paper by Franck and Young (1972). They
pointed out no significant interaction. The first stage of the post-Bretton-
wood system, characteristic by more volatile exchange rates, was firstly
taken into estimation in (Aggarwal, 1981). He found a positive correlation
between the effective exchange rate of the US dollar and changes in indices
of US stock prices for the period 1974—78. Giovannini and Jorion (1987) also
detected empirical regularities between exchange rates and stock markets
in the USA.

On the other hand, studies from the “pioneer” era came to different con-
clusions. For instance Solnik (1987) analyzed influence of several economic
variables including exchange rates on stock prices in nine industrialized
countries. Changes in exchange rates proved to be a non-significant factor
in explaining the development of stock prices. Jorion (1990) found moder-
ate relations between stock returns of US multinational companies and
the effective US dollar exchange rate for the period 1971-87. On the con-
trary, Soenen and Hennigan (1988) reported strong negative interaction us-
ing monthly data of the US dollar effective exchange rate and US stock mar-
ket index during 1980—86. Ma and Kao (1990) explained differences among
countries by the nature of their economies, primarily by the export or im-
port orientation.

Empirical work from the early stage was focused on the linkage between
the returns in the stock and foreign exchange markets and did not use
the levels of the series. Such a limitation was due to econometric assump-
tions about insufficient stationarity of financial data series. Stationarity is
strictly required in regression analysis to avoid spurious inferences. By dif-
ferencing the variables some information regarding a possible linear com-
bination between the levels of the variables may be lost. The use of cointe-
gration technique overcomes the problem of nonstationarity and allows
an investigation of both the levels and differences of exchange rates and
stock prices (Phylaktis — Ravazzolo, 2000).

Bahmani-Oskooee and Sohrabian (1992) were among the first to use coin-
tegration and Granger causality to explain the direction of mutual rela-
tionships between the two variables. They employed monthly data on
the S&P 500 index and US dollar effective exchange rate for the period
1973—-88 and showed bidirectional causalities, at least in the short run.
Since then many other papers investigating these aspects in various coun-
tries have applied these econometric procedures and have reported very
mixed and diverse results. Ajayi and Mougoue (1996) observed significant
interactions in eight industrial economies during 1985-91. More concretely,
they revealed a negative short-run and positive long-run effect of increase
in domestic stock prices on domestic currency value. However, currency de-
preciation influences the stock market in a negative way in the short-run.

Yu (1997) employed daily data on markets of Hong Kong, Tokyo, and Sin-
gapore for the period 1983-94 and detected bidirectional relationship in
Tokyo, no causation for the Singapore market and causality running from
changes in exchange rates to changes in stock prices. Abdalla and Murinde



(1997) applied a cointegration approach to examine stock prices — exchange
rate relationships in four Asian countries using data from 1985 to 1994.
Their results reject an occurrence of causalities in Pakistan and Korea but
support its existence in Indian and the Philippines. However, the direction
is not similar. While the results for India show causalities from exchange
rates to stock prices, the reverse causation was found for the Philippines.
Bhattacharya and Mukherjee (2003) investigated the nature of the causal
relationship between stock prices and macroeconomic aggregates in the for-
eign sector including exchange rate in India and found no significant link-
age. Muhammad and Rasheed (2003) used monthly data on four South Asian
countries for the period 1994-2000. They concluded that there is no rela-
tionship between exchange rates and stock prices in Pakistan and India ei-
ther in the short-run or in the long-run. Markets in Bangladesh and Sri-
Lanka appeared to be bidirectionaly linked.

Some studies have focused on particular industries rather than on
the whole economy. Chamberlain et al. (1997) reported that US banking
stock returns were very sensitive to exchange rates but those of Japanese
banks were not. Griffin and Stulz (2001) noted that changes of weekly ex-
change rates had neglible impacts on industry stock indices in developed
countries. Rim and Mohidin (2002) examined relations between industry
indices and exchange rates using monthly data before and during the Asian
financial crisis. Results show that industry indices had long-run positive
effects on exchange rates, and exchange rates also had long-run positive ef-
fects on most indices. The short-run effects proved to be generally negative
in both directions.

Ajayi et al. (1998) provided evidence to indicate unidirectional causalities
from the stock to the foreign exchange markets for the advanced economies
(USA, Korea) and no consistent causal relations in the emerging markets
(Malaysia). Pan et al. (2000) noted that exchange rates had significant ef-
fects on stock prices in seven Asian countries during 1988-98. They reported
much stronger interaction during and after the financial crisis in 1997,
which corresponds with the conclusions of Granger et al. (2000). They in-
vestigated the relation during the Asian crisis period and detected in gen-
eral some feedback reaction. Phylaktis and Ravazzolo (2000) analyzed
a group of Pacific Basin countries over the period 1980-98 and their results
suggest that stock and foreign exchange markets are positively related and
that the US stock market acts as a conduit for these links. Ramasamy and
Yeung (2001) considered causalities between the two markets in nine East
Asian economies and realized that the direction of causalities can vary ac-
cording to the period of study. For the period of the entire four years of
the crisis (1997-2000) all countries, apart from Hong Kong, showed that
stock prices cause movements in the exchange rates. Results on Hong Kong
indicate bidirectional causality.

3. Methodology and Data

Thirty years ago, Granger and Newbold (1974) firstly pointed out that us-
ing non-stationary macroeconomic variables in time series analysis causes
superiority problems in regression. The issue of unit root of such variables



was empirically demonstrated in (Nelson — Plosser, 1982) and since then
this important property of macroeconomic and financial data series has been
generally accepted. Many studies® have lately shown that majority of time
series variables are non-stationary or integrated of order 1.” Thus, a unit
root test should precede any empirical study employing such variables.
There have been a variety of proposed methods for implementing station-
arity test and principally Augmented Dickey-Fuller (ADF) test and Phillips-
Perron (PP) test have been widely used in econometric literature. Also this
study, as a first step, executes both unit root tests to investigate whether
the time series of exchange rates and stock prices are stationary or not.

If the series under consideration turn out to be integrated in the same or-
der, it is possible to proceed testing for cointegration relationships between
the integrated variables. In this paper, cointegration tests were carried by
means of the method developed by Johansen (1988) and Johansen and
Juselius (1990).

The Johansen method applies the maximum likelihood procedure to de-
termine the presence of cointegrating vectors in non-stationary time series
as a vector autoregressive (VAR):

K
AZ,=C+ DTAZ s +Z s + 0
i=1

where Z, is a vector of non-stationary (in log levels) variables and C is
the constant term. The information on the coefficient PP abmatrix between
the levels of the Il is decomposed as Il = a3 where athe relevant elements
the matrix are adjustment coefficients band the 8 matrix contains the coin-
tegrating vectors. Johansen and Juselius (1990) specify two likelihood ra-
tio test statistics to test for the number of cointegrating vectors. The first
likelihood ratio statistics for the null hypothesis of exactly r cointegrating
vectors against the alternative r + 1 vectors is the maximum eigenvalue
statistic. The second statistic for the hypothesis of at most r cointegrating
vectors against the alternative is the ¢race statistic. Critical values for both
test statistics are tabulated in (Johansen — Juselius, 1990).

If the variables are non-stationary and are cointegrated, the adequate
method to examine the issue of causation is the Vector Error Correction
Model (VECM), which is a Vector Autoregressive Model (VAR) in first dif-
ferences with the addition of a vector of cointegrating residuals. Thus, this
VAR system does not lose long-run information. In the absence of any coin-
tegrating relationship between the variables, the standard Granger causal-
ity test based on (Granger, 1988) would be applied. The Granger test in-
volves the estimation of the following equations:

q q
AMSCI, = By + 2, BuAMSCI,, + > ByAER,, + &, @)
i=1 i=1

AER, = ¢+ 2, ¢uABR,; + 2 ¢uAMSCI,_, + &3, (3)
i=1 i=1



in which MSCI, and ER, represent stock prices and exchange rates. &, and
&y, are uncorrelated stationary random processes, and £ b21 =b22 = ... =b2de-
notes the time period. Failing to reject the Hy: Ba; = Baz = ... = By, = 0 im-
plies that exchange rates do not Granger cause stock prices. Likewise, fail-
ing to reject Hy: @11 = ¢12 = ... = ¢4, = 0 suggest that stock prices do not
Granger cause exchange rates.

If cointegration exists between MSCI and ER, the VECM is required in
testing Granger causality as shown below:

q q
AMSCI, = By + 3,BuAMSCI, ; + D ByAER, ; + anZy 1 + &1, (4)
i=1 i=1
AER, = ¢y + 2, ¢uAER, . + 2 @uAMSCI,, + MiZy s + 2 (5)
i=1 i=1

where Z, ; is the error correction term obtained from the cointegrating equa-
tion (1), so that changes in the variables MSCI, and ER, are partly driven
by the past values of Z,. The first difference operator is marked by A. The
error correction, «; and A, are expected to capture the adjustments of
AMSCI, and AER, towards long-run equilibrium, whereas the coefficients
on AMSCI,_; and AER, ; are expected to capture the short-run dynamics of
the model. Thus, in using equations (4) and (5) to test for the Granger-causal
relationship between MSCI, and ER,, we included the error-correction terms
in order to introduce additional channels through which causality could
emerge and equilibrium could be re-established. Failing to reject Hy: B2 =
Boz = ... = By = 0 and a; = 0 implies that exchange rates do not Granger
cause stock prices while failing to reject Hy: ¢33 = ¢12=... = ¢, =0and A, =0
indicates stock prices do not Granger cause exchange rates.

Four old, four new EU-member countries, and the USA were selected for
the empirical analysis. Since all countries under estimation are open
economies with foreign trade and investment relations with many different
countries and currency areas we consider effective exchange rates as more
appropriate than bilateral exchange rates for such kinds of analysis. As
mentioned above, one of the aims of this paper is to show differences in re-
sults using nominal exchange rates (NEER) and real exchange rates
(REER). Therefore, monthly data on both types of exchange rate for all coun-
tries were employed and derived from the IMF International Financial
Statistics.® The development of prices on local stock markets is embodied
by monthly data on stock indices. As we foresaw problems stemming from
the non-consistent construction of the local stock indices and differences in
the techniques of their definition and calculation, we decided to use national
stock indices based on a uniform methodology. Thus, we used the MSCI
Standard National Indices expressed in local currencies provided by Mor-
gan Stanley.?

The sample period varies for each country depending on the availability
of data. Regarding NEER, for Austria, France, Germany, UK, and the USA
the sample period is 1969:12-2003:12; for Poland 1993:12-2003:12; for
the Czech Republic 1994:12-2003:12; for Hungary 1995:01-2003:12; and for



Slovakia 1995:06-2003:12. Considering REER the sample period for the first
group of the countries is smaller, particularly 1978:01-2003:12. The sample
period for the new-member countries is of the absolutely same length as in
the NEER case. To check for possible changes in intensity or direction of
mutual relationships during the time and to overcome disproportion in
the length of data on old and new EU-member countries, we divided
the whole analyzed period into two sub-intervals. The first period covers
the time 1969:12(1978:01)-1992:12 and data strictly in developed economies.
The second period includes data on all analyzed countries taken from
the time interval 1993:01-2003:12.

4. Empirical Results

4.1 Test for Stationarity and Cointegration Analysis

As a first step in analysis we transformed all time series into natural log-
arithm values. Thus, first differences correspond to growth rates. Conse-
quently we tested for unit roots in all stock market indices and the NEER
and REER for both periods. We used the ADF test with and without trend
as recommended by Engle and Granger (1987) and backed up their results
by the PP test again with and without trend.!® The lag length and band-
with in the unit root test were allowed to vary across individual countries
S0 as to mop up any residual serial correlation. The optimal number of lags
was chosen according to Schwartz Info Criterion (SIC) and the bandwith
was based on Newey-West using Barlett kernel spectral estimation method.
To conserve the space the results are not reported here but may be obtained
from the author upon request.

Considering stock market indices we found that the null hypothesis of
a unit root in levels must be accepted in all cases. However, it can be re-
jected for all series considering the first differences. NEER turned out to
be integrated of order 0 in two countries (Hungary and Poland)." The rest
of NEER time series are integrated of order 1. ADF and PP tests led to ac-
ceptation of the null hypothesis of a unit root in REER levels in all coun-
tries which means that all REER time series are stationary at first differ-
ences. Summarizing all above, more than one I(0) time series appeared in
no country.

On the basis of the above unit root tests, we performed the Johansen’s
cointegration test to see whether any combinations of the variables are coin-
tegrated. According to Johansen (1997) the selection of variables to be in-
cluded in cointegration test should be based on economic reasoning, i.e. sta-
tionary variables should be included only if reasonable. However, at least
two variables need to be non-stationary to perform a cointegration test.
Since we employ two variables only in tests, the results of test including
Polish and Hungarian NEER must show two cointegrating equations to be
relevant and significant.? The lag length is chosen by applying the SIC and
Akaike Info Criterion (AIC) on the undifferenced VAR. Relevant results are
presented in Table 1.



TABLE 1 Bivariate Cointegration Test

1969:12(1978:1)-1992:12 1993:1-2003:12
r=0 r=1 r=0 r=1
Austria
MSCI/NEER 3.283185 0.326759 10.56136 0.007898
MSCI/REER 4.876845 0.755855 16.91531 ** 3.366820
equation MSCIt= 0.075631 REER; — 6.360597
(0.21364)
Czech Republic
MSCI/NEER n.a. n.a. 10.30382 0.134413
MSCI/REER n.a. n.a. 9.181978 0.991493
France
MSCI/NEER 12.19328 0.917407 10.63396 2.722841
MSCI/REER 10.74320 0.635402 13.87845 1.860813
Germany
MSCI/NEER 7.732358 0.376639 13.44555 4.495134
MSCI/REER 12.74433 1.891833 22.65806 * 6.318900 **
equation MSCI; = 4.028763 REER,— 24.29950
(3.95389)
Hungary
MSCI/NEER n.a. n.a. 25.20498 * 3.502783
MSCI/REER n.a. n.a. 7.391830 0.000063
Poland
MSCI/NEER n.a. n.a. 26.19535 * 3.707052
MSCI/REER n.a. n.a. 14.26361 3.163351
Slovakia
MSCI/NEER n.a. n.a. 6.751800 0.890310
MSCI/REER n.a. n.a. 10.02985 1.153015
United Kingdom
MSCI/NEER 5.182784 0.097877 11.77710 4.037124
MSCI/REER 12.86464 0.868828 16.10427 ** 4.409677 **
equation MSCI, = —2.073399 REER; + 2.754970
(-7.25874)
United States
MSCI/NEER 6.456333 0.006646 20.76988 ** 4.076211 **
MSCI/REER 5.960585 0.474434 26.55986 * 4.220836 **
equation MSCI, = -7.801531 NEER; + 30.28578
(—4.54484)
equation MSCI,= —8.088357 REER; + 31.72408
(-3.82915)

Note: * and ** denote significance at 1% and 5% levels. The critical values of trace statistics for the null hypothesis
of no cointegration (H,: r = 0) are 20.04 (1% level) and 15.41 (5% level), respectively. The critical values for
the null hypothesis of at most one cointegrating relationship (Hy: r = 0) are 6.65 (1% level) and 3.76 (5% le-
vel), respectively. The numbers in parentheses beneath the estimated coefficients are t-statistics.

Evidence suggests that for the first period the null hypothesis of no coin-
tegration can be rejected in none of the countries. Analyzed financial mar-
kets in all developed countries do not share the same stochastic trend and
consequently no stable long-run linkages between stock prices and exchange
rates exist. Our expectation about REER as a considerably distinct ex-
pression of exchange rate development then the NEER is not justified be-
cause the results are rather mixed. Whereas Austria, Germany and the UK



demonstrate stronger relationship between stock market indices and
the REER, France and the USA show evidence of higher trace statistics us-
ing the NEER. Similarly, while there are no noticeable differences in
the long-run linkages in Austria, France, and the USA, results in Germany
and the UK vary significantly involving NEER and REER into analysis.

It is found in the Table 1 that exchange rates and stock market indices
proved to be cointegrated in six out of nine analyzed countries during the sec-
ond period. However, we should recall that NEER time series in Hungary
and Poland were identified to be of I(0). This fact may affect the significance
of cointegration test results negatively. Thus, we consider such results as
invalid and we do not involve them into further analysis. Anyway, one could
conclude in three interesting ways.

First, we found substantial differences in the power of cointegration be-
tween two geographical areas. While the data series do indeed possess
a long-run equilibrium relationship between themselves in the traditional
part of the EU and in the USA, stock prices and exchange rates seem to be
really cointegrated in none of the new EU-member countries. One excep-
tion is the relationship between Polish MSCI index and REER that shows
trace statistics very close to the 5% level critical value and may be there-
fore treated as cointegrated at 10% level.

Secondly, concerning the time point of view, there is clear evidence of
markedly stronger long-run linkages between analyzed economic variables
in all developed countries during the second period. Elimination of barri-
ers and obstacles of free capital flows in the international scale along with
relaxing currency restrictions and shifts towards more flexible exchange
rate arrangements have created a more favorable environment for rela-
tionships between stock and foreign exchange markets to appear.

Thirdly, results report obvious predominance of REER in detecting coin-
tegration in a majority of the economies. REER is more complex indicator
of exchange rate development than NEER since it reflects, besides nominal
exchange rate, relative price level in the home economy and abroad. For
that reason NEER and REER not need to follow the same way and direc-
tion as it is apparent from Figure 1 and 2. Higher inflation in a home coun-
try than abroad may contribute to real appreciation of domestic currency
even in the case of nominal depreciation. Real appreciation forces domes-
tic companies and exporters to increase international competitiveness by
cost reduction, improvement of productivity or increase in efficiency. Level
of such abilities would be subsequently mirrored in the stock prices and
stock market development. Accepting such type of the “flow-oriented” mod-
els’ assumptions one can state that REER is expected to have more power-
ful long-run relationship with the stock market development than only
the NEER. Considering “stock-oriented” models, stock prices development
should determine exchange rates. Growth of stock prices attracts foreign
investors and causes domestic currency nominal appreciation, which in cir-
cumstances of stable and common rate of inflation automatically means con-
current real appreciation. An increase of stock prices based on economic
fundamentals and growth is usually accompanied by some rate of inflation
that multiplies and strengthens mutual relationship between stock prices
and exchange rates expressed by REER. Moreover, stock prices are derived



from expected future dividends whose level depends on profit and prof-
itability. In inflationary environment, profits rise equally with inflation and
therefore stock prices should also increase. Knowing the impact of inflation
on the real exchange rate, it may be pointed out that stock market devel-
opment is linked with REER more tightly than with NEER.

FIGURE 1

FIGURE 2

4.2 Vector Error Correction Modeling and Granger Causality Test

Given the VEC mechanism that is embedded in the Johansen’s procedure,
the deviation from long-run equilibrium is corrected through a series of par-
tial short-run adjustments. The VECM specification restricts the long-run
behavior of the variables in the system to converge to their long-run rela-
tionship while allowing a wide range of short-run dynamics. The VECM is
therefore a suitable framework to examine the short-term adjustments
needed by two variables to reach a long-run equilibrium. A number of lags
differ among estimated models and is between two and four. Similarly with
prior estimations, the optimal number was set according to SIC and AIC.
Table 2 shows the estimates of the VECM for each country where cointe-
gration appeared.



TABLE 2 VECM Estimates

AUT AUT GER GER UK UK
MScCI REER msci REER Mscli REER
Zes —0.1779 0.0011 —0.0229 —0.1131 0.0168 0.0340
(-3.501)* (0.126) (-0.939) (-3.785)* (0.572) (3.319)*
MSCl,., 0.1048 —0.0076 —0.0167 0.0062 -0.0024 -0.0585
(1.158) (=0.504) (-0.178) (0.539) (=0.024) (=1.709)***
MSCI, , 0.1934 -0.0105 0.1195 -0.0233 —0.0356 0.0886
(2.125) | (-0.693) (1.267) (-2.017)* | (-0.363) (2.597)**
MSClys —0.0195 0.0079 0.0003 0.0082 —0.0809 —0.0514
(-0.216) (0.527) (0.003) (0.699) (-0.807) (-1.469)
MSCl,,
ER., 0.5566 0.2117 —0.9292 0.4209 0.3907 0.172
(1.005) (2.296) | (-1.282) (4.745)* (1.568) (1.985)*
ER.» 0.0351 0.0259 0.3252 -0.2305 0.2465 -0.0468
(0.062) (0.275) (0.427) (-2.471)* (1.034) (-0.563)
ER.s 0.0051 —0.0508 —0.8059 -0.1226 —0.0352 0.0764
(0.009) (-0.557) (-1.127) (~1.400) (-0.154) (0.958)
ER 4
constant 0.0025 —0.0008 0.0045 0.0001 0.0025 0.0014
(0.529) (-1.007) (0.704) (0.001) (0.661) (1.039)
R 0.1296 0.0602 0.0359 0.3289 0.0409 0.2250
Adj.RP 0.0709 0.0045 —0.0212 0.2892 -0.0159 0.1790
F-statistics 2.3633 1.0805 0.6288 8.2645 0.7197 4.8946
UsA UsA USA UsA
mscl NEER mscl NEER
Zos 0.0329 0.0081 0.0336 0.0048
(3.188)" (2279 | (4.099) (1.665)***
MSCl,, —0.1201 0.0002 —0.1587 0.0019
(-1.278) (0.006) (~1.655) (0.057)
MSCl,, -0.133 0.0299 -0.2173 0.0386
(-1.436) (0.935) (-2.255)** (0.368)
MSCl, —0.0561 -0.0307
(-0.585) (1.130)
MSCl,_, -0.2025 0.0080
(-2.135)* (0.238)
ER., 0.2276 0.3155 0.1817 0.3820
(0.891) (3.583)" (0.707) (4.074)
ER., -0.1543 —0.1190 —0.1454 -0.1418
(-0.596) (-1.333) (-0.515) (-1.417)
ERes 0.0003 —0.0031
(0.001) (-0.032)
ER., —0.3000 0.0338
(-1.158) (0.369)
constant 0.0087 -0.0008 0.0106 0.0004
(2.193)* | (-0.064) (2.543)* (0.262)
R, 0.0864 0.1606 0.1597 0.1854
Adj.R, 0.0492 0.1265 0.0935 0.1211
F-statistics 2.3273 4.7084 2.4088 2.8824

Note: * , ** and *** denote significance at 1, 5 and 10% levels. ER represents particular exchange rate expres-
sion, t-statistics in parentheses.




Estimation of the VECM leads to miscellaneous results. As alllmentioned
above, estimated coefficients «; and A, are supposed to capture the long-
run equilibrium of the system. Only for the USA the parameters are sta-
tistically significant in all models using both expressions of exchange rates.
Since both «; # 0 and A, # 0, changes in the effective exchange rates are
transferred to the stock market and vice versa in the USA. For Germany
the UK, A, is statistically significant while «; is not. This result implies that
while exchange rates and stock prices are bound together in one long-run
equilibrium relation, the REER follows and adjusts to innovations in
the stock market. Austria possesses a different estimation outcome while
only «; proved to be significant. Finally, two of three «; significant coeffi-
cients are positive, declaring that an increase in effective exchange rates
(appreciation of domestic currency) has a positive effect on the domestic
stock market in the long-run. The negative a; parameter appeared in Aus-
tria indicating a negative impact of appreciation on stock prices. Analogi-
cally, three of four significant A, coefficients are positive (the UK and twice
in the USA), suggesting that a booming domestic stock market contributes
noticeably to the domestic currency’s appreciation. Only Germany demon-
strates the reverse long-run relationship, i.e. increasing stock prices cause
the domestic currency to depreciate.

The most long-run interactions were discovered in the USA where the bidi-
rectional causalities exist in both estimated models. Uniformly, the results
imply that USD appreciation (depreciation) tends to bring about a rise (de-
cline) in American stock prices. This finding is theoretical underpinning.
For the USA as an economy with a significant import sector, the favorable
effects of currency appreciation on import prices may produce a bullish stock
market in the long-run.!?

In addition, a test for the USA and the UK implicitly supports principles
of the “stock-oriented” models, too. Significance of the cointegration factor’s
coefficient documents that innovation of the stock markets indices are trans-
mitted to the exchange rate in a positive way. An increase in stock prices
has positive effects on effective exchange rates (currency appreciation). Such
results are absolutely in accordance with the unique position of the UK and
the USA in the world economy and among financial centers. Stock markets
in the UK and the USA belong to the prestigious group of the most efficient
and developed markets with the largest turnover and market capitalization
and they play a leading role and attract domestic as well as foreign in-
vestors. Consequently, development on the stock markets drives demand
for and supply of national currency and affects the exchange rate signifi-
cantly. Solidity of this long-run linkage in the USA is intensified by the ev-
idence of same causality found between market indices and both expres-
sions of exchange rate.

On the contrary, Austria tends to causality running from changesin REER
to changes in stock prices and justifies in this ways assumptions of the “flow-
oriented” models that real depreciation initiates increase in stock prices.
The Austrian stock market plays a somewhat regional role and does not
considerably influence the behavior of global investors. The annual turnover
of Austrian Stock Exchange was EUR 19.31 billion in 2003. Development
of stock prices rather reflects international competitiveness, economic sit-
uation and perspectives of Austrian companies that are, due to degree of
Austrian economy openness', substantially determined by REER.



The most statistically significant VECM includes German MSCI and
REER time series and reveals a long-run effect of shifts in domestic stock
prices on domestic currency value. The causation is however negative, which
means that an increase in stock prices results in real depreciation of the cur-
rency. One may conclude that such estimation clearly confirms outcomes of
monetary models that stock prices and exchange rates are independent vari-
ables affected by different factors. Detected long-run equilibrium relation
and its direction should be therefore considered as econometric-based in-
stead of fundamentally-based. An explanation may be as follows. While
the German stock market was copying the general and long-lasting boom
of the world capital markets in the 1990s, the real economy experienced,
after the unification blossom, a significant slowdown. Post-unification Ger-
many had an overvalued real exchange rate and needed a substantial real
depreciation.'®

The short-run dynamics of the system may be examined by performing
bivariate Granger causality tests. We applyed the tests with the aim of seek-
ing a presence of short-run relationships where no long-run causalities ap-
peared, and to confirm the VECM results where the cointegration between
stock prices and exchange rates exists. The Granger causality test requires
that all data series involved are stationary. Otherwise the inference from
the F-statistics might be spurious because the test statistics will have non-
standard distributions. Accordingly, we employed the first differences of all
log-level series. The test results of Granger causality are given in Table 3
for traditional part of the EU and the USA and in Table 4 for new EU-mem-
bers. Number of lags was chosen again applying AIC, whilst one and two
lags were identified as an optimal lag length in majority of cases.



TABLE 3 Granger Causality Tests

1969:12(1978:1)-1992:12 1993:1-2003:12
t-statistics | probability I-statistics probability
Austria
NEER -+ MSCI 0.65333 0.52113 0.59202 0.55477
MSCI -+ NEER 0.36121 0.69717 0.10226 0.90287
REER - MSCI 0.02719 0.97318 0.63350 0.53247
MSCI - REER 0.52240 0.59404 0.47260 0.62452
France
NEER - MSCI 0.59306 0.55335 0.44112 0.64432
MSCI -» NEER 0.24533 0.78262 2.91304 *** 0.05804
REER - MSCI 0.51226 0.60005 1.09337 0.33835
MSCI - REER 1.66643 0.19196 1.94398 0.14754
Germany
NEER -+ MSCI 0.20614 0.81385 0.11090 0.89512
MSCI - NEER 1.76184 0.17370 0.55011 0.57829
REER -»MSCI 1.42859 0.24248 0.53861 0.58494
MSCI -» REER 0.45825 0.63316 3.49142 ** 0.03354
United Kingdom
NEER - MSCI 0.81451 0.44395 0.65224 0.52265
MSCI - NEER 0.63057 0.53307 3.33769 ** 0.03874
REER -»MSCI 1.29574 0.27635 2.14978 0.12090
MSCI -» REER 0.84720 0.43040 8.38378 * 0.00039
United States
NEER - MSCI 1.28555 0.27819 0.65259 0.52247
MSCI -» NEER 1.18341 0.30782 2.11223 0.12530
REER - MSCI 1.33850 0.26496 0.85492 0.42787
MSCI -»REER 0.98374 0.37600 2.34992 *** 0.09068

Note: * , ** and *** denote significance at 1, 5 and 10% levels.

Considering the first analyzed period, we detected no short-run relation,
which corresponds with the prior finding of no long-run linkage in the first
time period. During the second period stock and foreign exchange markets
turned out to be short-run linked in much more cases. Restricting our fo-
cus on developed countries, we found unidirectional causalities running
from stock market indices to exchange rates. More concretely, we may see
the strongest relations in the UK where the stock market has a positive ef-
fect on REER and, to a lesser degree, also on NEER. Relations with the same
direction but lower intensity were also detected in France, Germany and
the USA. In the case of France, a relation indicating that MSCI does Granger
cause NEER was revealed with three months lag at 10 percent level. In
Germany MSCI seems to Granger cause REER with one month lag at 5%
level. Such results may be generally treated as confirmation of the long-run
causality in the short-run horizon.



TABLE 4 Granger Causality Tests

t-statistics | probability t-statistics probability
Czech Republic Hungary
NEER -+ MSCI 0.99946 0.37176 2.05984 0.13290
MSCI + NEER 0.16185 0.85079 1.11220 0.33291
REER - MSCI 1.25320 0.29008 1.49582 0.22909
MSCI -» REER 0.71269 0.49282 1.94962 0.14775
Poland Slovakia
NEER - MSCI 1.73750 0.18071 0.33243 0.71803
MSCI 4 NEER 1.54774 0.21728 0.36859 0.69272
REER - MSCI 1.60307 0.20590 0.02595 0.97439
MSCI 4 REER 0.87383 0.42020 0.52291 0.59453

Analysis of short-run mutual interactions in four new EU-member coun-
tries led to similar results as the cointegration tests. Causal relations be-
tween stock prices and exchange rates were found in none of the four coun-
tries and, moreover, the value of the F-statistics suggests that not a trace
of short-run dynamics can be observed. Thus, stock prices and effective ex-
change rates prove to be independent variables with separate and inde-
pendent development. Such findings are in conflict with the results of
Stavarek (2004) or Murinde and Poshakwale (2004) confirming the exis-
tence of Granger causalities in Hungary and partly in the Czech Republic
and Poland. The divergent results may stem from the different frequency
of data since cited studies employed a daily data in which the short-run dy-
namics is more evident. All causalities revealed in the analysis are trans-
parently summarized in Table 5.



TABLE 5 Summary of Mutual Relations between Stock Prices and Exchange Rates

1969:12(1978:1)-1992:12
long-run short-run

NEER — | MSCI — | REER — | MSCI — | NEER — | MSCI — | REER — | MSCI —
MSCI NEER MSCI REER MSCI NEER MSCI REER

Austria NO NO NO NO NO NO NO NO
Czech n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Republic

France NO NO NO NO NO NO NO NO
Germany NO NO NO NO NO NO NO NO
Hungary n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Poland n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Slovakia n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
U.K. NO NO NO NO NO NO NO NO
USA NO NO NO NO NO NO NO NO

1969:12(1978:1)-1992:12
long-run short-run

NEER — | MSCI — | REER — | MSCI — | NEER — | MSCI — | REER — | MSCI —
MSCI NEER MSCI REER MSCI NEER MSCI REER

Austria NO NO YES NO NO NO NO NO
giiiﬁnc NO NO NO NO NO NO NO NO
France NO NO NO NO NO YES NO NO
Germany NO NO NO YES NO NO NO YES
Hungary NO NO NO NO NO NO NO NO
Poland NO NO NO NO NO NO NO NO
Slovakia NO NO NO NO NO NO NO NO
UK. NO NO NO YES NO YES NO YES
USA YES YES YES YES NO NO NO YES

5. Conclusion

After performing analysis and tests of long-run and short-run dynamics
between stock prices and exchange rates in a group of nine countries we
have come to the following conclusions.

Firstly, evidence suggests that long-run relationships between considered
variables did not appear during the first analyzed period covering the years
1970-1992. One of the possible explanations may be exchange rate ar-
rangements prevailing in the developed countries under estimation in
the 1970s, 1980s, and first years of 1990s. The Brettonwood system, cur-
rency snake, and European Exchange Rate Mechanism provided limited
space for exchange rate volatility because nominal exchange rates were al-
lowed to fluctuate only within a very tightly defined band. Thus, mutual
relations between stock prices and exchange rates could not emerge com-
pletely. The period from 1993 to 2003 shows much stronger long-run causal-
ities preferably in the developed countries. Cointegration between stock
prices and exchange rates appeared in four of nine economies. The direc-
tion of the relations is unfortunately not uniform and differs among coun-
tries. Nevertheless, the UK and the USA may be highlighted because their
stock markets evidently give impulses to the exchange rate development.
Long-run equilibrium in the new EU-member countries was not confirmed.



Reasons should be sought in relative underdeveloped stock markets and in
quasi-fixed exchange rate regimes in Poland and Hungary. Although tests
for short-run relations resulted to mixed conclusions concerning intensity
and type of exchange rate, all cases of the Granger causalities were likely
to be unidirectional with relation running from stock prices to exchange
rates.

Secondly, REER proved to be a better expression of exchange rate that
NEER. While cointegration using REER was found in four countries, we
registered long-run causalities employing NEER only in the USA. There-
fore, we see REER as a more appropriate variable to fulfill preconditions of
both “flow-oriented” as “stock-oriented” models.

Thirdly, as it indicated above, neither the intensity nor direction of causal
relations are the same in the developed economies and the new EU-mem-
ber countries. Stock markets in post-communist countries are not so tightly
linked with real economy and do not efficiently reflect a companies’ actual
and expected performance. Similarly, stock markets in the new EU-mem-
ber countries play regional and rather marginal roles. In addition, they are
flat and not sufficiently attractive for international investors. Therefore, it
was impossible to register any long-run or short-run relation between stock
prices and exchange rates.

Consequently, the development of the domestic stock market cannot be
efficiently be implemented into exchange rate forecasting in the economic
environment of new Central European EU-member countries and vice versa.
In terms of policy relevance, monetary authorities of these countries are not
forced to take into account stock market development in realization of their
exchange-rate policy. Such findings are essential with respect to the neces-
sity to stabilize the development of the domestic currency’s exchange rates
in the ERM II system before joining the European Monetary Union. How-
ever, the expected deepening of European financial markets integration and
gradual diffusion of the Euro as a legal tender to more countries might cause
the causal relations to appear in the new EU-members as well.
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Stock Prices and Exchange Rates in the EU
and the United States:

Evidence on their Interaction
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This paper investigates the nature of the causal relationships among stock prices
and effective exchange rates in four old EU member countries (Austria, France, Ger-
many, and the UK), four new EU member countries (Czech Republic, Hungary,
Poland, and Slovakia), and in the United States. Both the long- and short-term
causalities between these variables are explored using monthly data. The paper also
endeavors to answer the question of whether the linkages between the analyzed eco-
nomic variables are of similar intensity and direction in old and new EU member
countries, and whether or how relationships have changed. The results show much
stronger causality in countries with developed capital and foreign-exchange mar-
kets (i.e., old EU member countries and the United States). Evidence also suggests
more powerful long- and short-term causal uuuurelations during the 19932003 pe-
riod than during 197092. Causalities seem to be predominantly unidirectional, with
the direction running from stock prices to exchange rates. Finally, we detected strong
relations when applying the real effective exchange rate than the nominal effective
exchange rate.
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! Causation can be explained as follows: domestic currency depreciation makes the local firms
more competitive, making their exports cheaper in international comparison. Higher exports
lead to higher incomes and increase in firms’ stock prices.

2 Direct quotation defines exchange rate as the price of one unit of foreign currency in domes-
tic currency terms. Thus domestic currency depreciation means raise (increase) in exchange
rate.



3 For more about portfolio balance approach see (Frankel, 1983) or (Branson — Henderson, 1985).

4 More details about basic asset market models are given in (Frenkel, 1976), (Dornbusch, 1976),
and (Frankel, 1979). For comprehensive review of asset market models see for instance (Mac-
Donald — Taylor, 1992).

5 If there are some common factors that affect both stock prices and exchange rates (such as in-
terest rates) then we might expect an association between these two variables.

6 for instance (Engle- Granger, 1987)
7 Time series variable is integrated of order 1 if its changes are stationary.

8 NEER represents the ratio (expressed on base 1995 = 100) of an index of the period average
exchange rate of the currency in question to a weighted geometric average of exchange rates for
the currencies of selected countries and the Euro area. REER is defined as a nominal effective
exchange rate index adjusted for relative movements in national price or cost indicators of
the home country, selected countries, and the Euro area. In both cases an increase in the index
reflects an appreciation.

9 MSCI Index for Slovakia was substituted by the SAX — official index of the Bratislava Stock
Exchange.

10 Tdentical results of all four alternative tests were needed to conclude about stationarity of
any time series. If even one test showed non-stationarity, the time series was treated as non-
stationary.

1 Stationarity of the NEER time series in Poland and Hungary stems from specific exchange
rate arrangements valid during the economic transformation process. Crawling peg and crawl-
ing band are quasi-fixed exchange rate regimes that provide very stable development resulting
from gradual devaluation made by small steps defined and announced in advance.

12 As the cointegration rank increases by the number of stationary variables, the correct num-
ber of cointegration equations is equal to the number of equations found by the Johansen’s test
minus the number of stationary variables.

13 See (Ma — Kao, 1990) for a detailed clarification.
14 Total amount of goods and services export equaled to almost 60 %of the Austrian GDP in 2003.

15 That has been accomplished, maybe temporarily, by the post-1995 weakness of the German
Mark and then the Euro. Within a monetary union, real depreciation may occur through rela-
tively low inflation (or, more precisely, relatively low increases in unit labor costs in the com-
mon currency). According to US Bureau of Labor Statistics the Germany’s hourly compensation
costs in manufacturing were the highest in the world in 2001. As they are not offset by higher
productivity, and as the euro has been appreciating against external currencies, the real de-
preciation could be achieved only through an extended period of low inflation or even deflation.
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