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Abstract

This paper examines short-term and long-term comovements between developed European Union (EU)
stock markets and those of three Central European (CE) countries which recently joined the EU. Dynamic
cointegration and principal components methods are applied, in addition to static tests. While we find
no evidence of cointegration for the period July 1995–February 2005 as a whole, dynamic tests reveal
alternating period of cointegration disrupted by episodes dominated by short-term domestic factors. Principal
components analysis reveals that a stable factor explains a large proportion of return variances. Ultimately,
despite the decade-long process of alignment by CE countries with the EU, evidence of steadily increasing
convergence of equity markets is lacking.
© 2006 Published by Elsevier B.V. on behalf of the Board of Trustees of the University of Illinois.

Keywords: International financial market; Dynamic cointegration; Central European equity markets

1. Introduction

Investors in developed countries have been diversifying into emerging equity markets for
some time, in search of potential benefits from international portfolio diversification. However,
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currency, banking, and other economic crises experienced in the last decade in a number of Asian
and Latin American countries have led investors to branch out into other areas, including the
markets of Central Europe (CE). A history of moderate correlations and relatively high returns,
particularly in countries such as the Czech Republic, Hungary, and Poland, suggest that diver-
sification benefits in these equity markets can be substantial. Further, the process of accession
to the European Union (EU) has increased prospects of growing economic and political stabil-
ity in this area. However, the increasing association of the economies of the CE countries with
those of developed EU members raises the question of whether closer linkages between these
equity markets have resulted in significantly reduced diversification benefits for international
investors.

Equity market comovements can arise from international trade, increasing capital mobility,
relaxation of controls on international capital movements, as well as the various forms of policy
alignment associated with the creation of economic unions. Since 1989 the economies of the Czech
Republic, Hungary, and Poland have undergone a rapid and largely successful transformation
from Communist to market economies. Also, trade ties with EU countries have increased during
this period. By 2004 the EU accounted for approximately 65% of Czech exports and 73% of
imports, 79% and 72%, respectively for Hungary, with 67% and 74% for Poland. Roughly 40%
of these figures are accounted for by Germany in recent years (International Monetary Fund,
2000; International Monetary Fund, 2005). Capital flows to the region had begun by 1993, with
several equity funds for the region created by 1996 (Sobol, 1996). In 2002–2003, during the run-
up to EU accession, increased investments were made by American and other foreign emerging
market funds, and for 2004 net private portfolio inflows for the European emerging markets as
a group were estimated to be $7.6 billion (Economic Commission for Europe, 2005; Institute of
International Finance, 2006; New York Times, 2005).

Along with other aspiring new members, the Czech Republic, Hungary, and Poland have
for some years pursued a deliberate policy of aligning their economic systems with the EU.
During 1994–1995 they became associate members, which involved creation of a free-trade area,
cooperation in the areas of industry, environmental protection and transport, and alignment of some
national legislation. Accession negotiations began in 1998 and were concluded in December 2002
at the Copenhagen European Council meeting. On May 1, 2004, these three countries, along with
seven others, became full members of the EU. Each country also “participates” in the European
Monetary Union (EMU) from the date of accession “as a Member State with a derogation”
(European Central Bank, 2005). The euro is to be adopted by each country in the future, as the
necessary conditions are fulfilled.

Short-term linkages between Central European equity markets and those of developed countries
during the late 1990s have been examined in several studies. Gelos and Sahay (2000) found only
weak evidence of changing linkages as a consequence of the 1997 Asian crisis but did establish
higher correlations and volatility spillovers after the 1998 Russian crisis. Comparing the periods
1994–1996 and 1996–1998, Chelley-Steeley (2005) found increasing correlations between the
CE equity markets and those of the UK, Germany, and other developed countries. In addition,
a variance decomposition methodology showed that nearly 40% of variation in equity market
returns for Hungary and Poland were due to non-domestic factors in the latter period, as opposed
to about 10% for 1994–1996; there was little difference for the Czech equity market across the
two periods.

Cointegration studies involving the Central European equity markets have yielded differ-
ing findings that may in part be sample dependent. Early studies largely support the idea of
significant long-run comovements involving the CE markets in the mid 1990s, while also yield-
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ing some evidence that those linkages may have weakened under the impact of the Asian and
Russian crises in 1997–1998. Linne (1998) finds some evidence of cointegration involving the
major CE markets and developed markets from the early 1990s through 1997 but concludes
that the markets in the transition countries were mainly driven by domestic factors. Exam-
ining a similar time period but with a different methodology, Scheicher (2001) notes some
degree of integration between the Hungarian and the Polish markets during 1995–1997. Jochum,
Kirchgässner, and Platek (1999) similarly detect evidence of cointegration during the 1995–1997
period. However, after late 1997, as the Asian crisis spread and the Russian equity market began
to weaken, an increase in volatilities in the CE markets caused short-run dynamics to over-
whelm the earlier common trending by 1998. Röckinger and Urga (2001) also investigate the
relative importance of the German and UK equity markets for the CE markets from 1994 to
1997 using an extension of the methodology of Bekaert and Harvey (1997). They conclude that
the influence of London was stronger for the Czech and Polish markets than that of Frank-
furt. The Hungarian market was little affected by either. Additionally, MacDonald (2001) finds
evidence of long-term relationships between the CE equity markets as a group and three devel-
oped markets, Germany, the UK, and the US, individually. Gilmore and McManus (2003),
however, report a lack of bilateral and multilateral cointegration of the equity markets of the
Czech Republic, Hungary, and Poland with the German market for the years 1995 through early
2002.

These static studies, which yield somewhat different conclusions, assume stability in the long-
run relationships. However, this assumption may not be warranted. Instead, linkages between
equity markets may be time-varying and episodic. One method which has been used to adjust
for possible instabilities is that devised by Gregory and Hansen (1996). Their method detects
structural breaks that can reveal evidence of long-run relationships that is not identified by static
cointegration tests. Voronkova (2004) applies their methodology to test for structural changes
over the 1993–2002 time period in the relationships between the three major CE equity markets
and those of France, Germany, the UK, and the US. Using local-currency indices from the various
national equity markets, she obtains stronger evidence of cointegration within the CE markets
and between them and the more developed markets.

The present study contributes to the understanding of short-run and long-run financial market
comovements by employing several static and dynamic methods of analysis and offers addi-
tional insights into the time-varying nature of equity market linkages. It also provides evidence
as to whether comovements can be viewed as a gradual, unidirectional progression resulting
from increasing ties between economies over time or as a more sporadic phenomenon which
may at times be overwhelmed by domestic forces. We apply various static and dynamic method-
ologies to examine the comovements of the major CE equity markets with those of London
and Frankfurt, the dominant developed equity markets in the EU. For the period 1995–2005
as a whole, a static cointegration analysis does not reveal any evidence of a long-run rela-
tionship between the CE equity markets as a group and those of either Frankfurt or London.
However, dynamic tests reveal periods of cointegration as well as instances where short-run
behavior overpowers the long-run equilibrium relationship. This instability in comovements
over time between the CE and more developed EU markets has implications for international
investors.

The rest of this paper is organized as follows. Section 2 presents characteristics of the three
CE equity markets. The data are described in Section 3. Section 4 briefly explains the various
static and dynamic methodologies being used and presents the empirical results. Finally, Section
5 contains the concluding remarks.
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2. Market characteristics

Summary statistics of the three Central European equity markets under study are provided in
Table 1. The CE equity markets are small compared to the developed markets of the EU members.
The biggest of the three is the Warsaw Stock Exchange, whose capitalization is slightly larger
than that of the smallest developed EU equity market, the Luxembourg Stock Exchange. The
data on the CE exchanges reflects the different privatization strategies pursued by the countries
in the 1990s. Gradual processes of privatization resulted in a slow increase in listed firms for
Poland and, during the 1990s, for Hungary. However, the massive privatizations in the Czech
Republic produced a large initial number of listings, with most of the firms subsequently delisted.
Trading activity tends to be dominated by a small number of stocks in each market, primar-
ily in the energy and banking sectors. Despite their small size, these CE equity markets have
become more attractive in the last few years due to a combination of greater perceived economic
and political stability in comparison to some other emerging markets and much higher returns
than those of the developed EU markets. In particular, accession to the EU gave these mar-
kets the status of “regulated markets” accessible to any EU financial intermediary or investment
fund.

3. Data

The data consists of MSCI daily closing price indices for the Czech, Hungarian, Polish, Ger-
man and UK stock markets, for the time period July 5, 1995, through February 5, 2005. MSCI
indices were chosen because these indexes are constituted on a consistent basis and thus are fully
comparable across countries. They are value-weighted and computed with dividends reinvested.
The market values of investment companies and of foreign-domiciled companies are excluded to
avoid double counting. In this paper, all indices are expressed in US dollar terms, that is, they are
reported from the viewpoint of an unhedged US investor.

Relevant descriptive statistics of the data are provided in Table 2. As is typical for emerging
markets, both mean returns and standard deviations for the three CE markets are higher than for
the German and UK markets. Skewness, which measures distributional asymmetry, is negative
for all the five markets, and all are leptokurtic. Under the null hypothesis of a normal distribution,
the Jarque-Bera statistic rejects the null for all five countries.

Short-term correlations between market returns are reported in Table 3. Correlations between
the CE and developed markets averaged between 30% and 40%, roughly one-half the correlation
between Germany and the UK, suggesting possible diversification benefits in the CE markets for
the 10-year period as a whole. Since closer economic ties and the EU accession process might be
expected to increase these correlations over time, we also examine their evolution by performing
one-year rolling-window calculations (not shown). We find a pattern of considerable instability,
with the highest correlations in 1997–1998; these elevated levels may be due to both the increased
market comovements during the Asian–Russian crises and greater return volatilities. Correlations
between the CE and the developed markets were also high during the broad international stock
market decline of 2000–2001 but plunged during 2002 as the Hungarian and Czech markets
recovered well ahead of the more developed equity markets. By 2005, correlations are between
34% and 44%, slightly higher than their 10-year averages. Therefore, while the EU accession
process may have played some small role in increasing correlations, other factors have clearly
contributed to their behavior.
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Table 1
Annual data for Central European stock exchanges, 1995–2004

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Panel A: Czech Republic
Capitalization (US$ m) 15664 25664 18077 12786 12045 11002 9331 15893 17683 26890
Turnover ratio (%) 32.9 50.3 47.9 38.0 36.7 60.3 34.1 48.7 52.5 74.9
Trading value (US$ m) 3363 8431 7071 4807 4120 6582 3349 6083 8797 20166
Number of firms 1635 1588 276 261 164 131 94 78 63 35

Panel B: Hungary
Capitalization (US$ m) 2399 5273 14975 14028 16317 12021 10367 13110 16729 28630
Turnover ratio (%) 17.3 41.6 73.4 114.9 95.8 90.7 44.4 52.2 57.6 62.6
Trading value (US$ m) 355 1641 7472 16042 14395 12150 4818 5941 8300 13369
Number of firms 42 45 49 55 66 60 57 48 49 47

Panel C: Poland
Capitalization (US$ m) 4564 8390 12135 20461 29577 31279 26017 28750 37165 71547
Turnover ratio (%) 71.5 84.8 78.4 54.4 45.8 49.9 26.1 22.4 26.6 34.1
Trading value (US$ m) 2770 5538 7951 8918 11149 14631 7432 5842 8498 16269
Number of firms 65 83 143 198 221 225 230 216 203 230

Source: Standard and Poor, Global Stock Markets Factbook 2004; World Federation of Exchanges, Annual Report and Statistics 2004. Turnover ratio is the total value traded
divided by annual market capitalization.
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Table 2
Statistical properties of daily stock market returns

Statistic Country

Czech Republic Hungary Poland Germany United Kingdom

N 2423 2423 2423 2423 2423
Mean 0.0006 0.0009 0.0002 0.0002 0.0002
Median 0.0009 0.0010 0.0003 0.0006 0.0003
Maximum 0.0676 0.1300 0.0902 0.0689 0.0526
Minimum "0.0795 "0.1901 "0.1159 "0.0068 "0.0527
Standard deviation 0.0156 0.0199 0.0193 0.0152 0.0110
Skewness "0.2162 "0.5795 "0.2408 "0.1239 "0.1268
Kurtosis 5.0960 12.7117 5.7650 5.0765 5.0201
Jarque-Bera 462.393 9657.71 795.270 441.496 418.478
Probability 0.0000 0.0000 0.0000 0.0000 0.0000

Descriptive statistics are calculated using the MSCI indices for all five countries from July 6, 1995, to February 10, 2005.

Table 3
Correlation coefficients of daily stock market returns

Market Czech Republic Hungary Poland Germany United Kingdom

Czech Republic 1.0000 0.3599 0.3536 0.3274 0.2989
Hungary 0.3599 1.0000 0.4292 0.3557 0.3183
Poland 0.3536 0.4292 1.0000 0.3234 0.2907
Germany 0.3274 0.3557 0.3234 1.0000 0.6596
United kingdom 0.2989 0.3183 0.2907 0.6596 1.0000

Correlations are calculated using the MSCI indices for all five countries from July 6, 1995 to February 10, 2005.

4. Methodology and empirical results

Using the standard methodology of static cointegration analysis developed by Johansen (1988)
and Johansen and Juselius (1990), we first test for the presence of long-run relationships of the
Frankfurt and, alternatively, the London equity market with the major Central European equity
markets. We then complement the cointegration test with a forecast error variance decomposition
analysis. Since these static tests provide a very limited amount of information about processes
which are time varying, we then proceed to several dynamic approaches to better investigate
the changing nature of linkages between these markets over time. We apply the Hansen and
Johansen (1992) recursive cointegration method, as well as a rolling-window variation of that
procedure. Finally, we develop a rolling-window principal components analysis to clarify the
extent to which the comovements of the CE and the two developed EU markets can be related to
common unobserved factors over time.

4.1. Static multivariate analysis

Cointegration tests allow us to determine whether stock prices of different national markets
move together over the long run, while providing for the possibility of short-run divergence.
The first step in the analysis is to test each index series for the presence of unit roots, which
shows whether the series are nonstationary. Nonstationarity is a precondition for cointegration;
additionally, all the series must be integrated of the same order. For this, we apply both the
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Table 4
Unit root tests for daily stock market indices

Country index Index Level First differences

ADF PP ADF PP

Czech Republic (2) 4.136 0.982 "34.360* "11.889*

Hungary (2) 0.552 0.774 "11.838* "11.664*

Poland (2) 0.368 0.368 "12.836* "12.889*

Germany (2) "0.420 "0.391 "14.744* "14.759*

United kingdom (2) 0.176 0.286 "15.156* "15.146*

Unit root tests are conducted using the ADF, or Augmented Dickey-Fuller (1979) and the PP, or Phillips-Perron (1988)
tests. Lag lengths, in parentheses, were chosen according to the Akaike information criterion (AIC). The critical values
are based on MacKinnon (1996); an asterisk indicates significant at the 5% level.

Augmented Dickey-Fuller (ADF) test and the Phillips and Perron (PP) test. Once the stationarity
requirements are met, we use the Johansen and Juselius (1990) procedure, hence JJ, to determine
whether the time series are cointegrated. This test determines the rank of the coefficient matrix of
a vector autogression (VAR) of the series, with the rank indicating whether there is cointegration,
as well as the number of cointegrating relationships.

Table 4 reports the results of the unit root tests on the natural log levels of the daily stock
indices. Both the ADF and PP tests were applied to the levels and first differences of each
series. Appropriate lag lengths for the ADF and PP tests were selected according to the Schwartz
information criterion; the Box-Ljung Q test on residuals showed a lack of serial correlation in
each case. F tests and t tests were also used to determine lag lengths and produced somewhat
longer lag structures, but the qualitative results of the unit root tests were unchanged. For the level
series, the results in Table 4 show that the null hypothesis of a unit root cannot be rejected at the
5% significance level. The first-differenced series reject the null hypothesis, indicating that they
are stationary. Consequently, all five series are integrated I(1).

The JJ procedure, with lag structure of 2, is then applied to determine whether the CE equity
markets are cointegrated with the Frankfurt or London equity markets. Manning (2002), among
others, points out that the cointegration rank is often sensitive to the lag structure. Results here
do not vary qualitatively over a range of lag lengths. Table 5 indicates that there is no significant
evidence of a cointegrating relationship between the CE countries and either of the developed
markets over the entire 1995–2005 period as a whole.

Our results support the findings in Voronkova (2004) of no cointegration between the UK and
CE markets for the 1993–2002 period. However, her results reveal cointegration between the
German and the CE markets over the period as a whole while ours do not. Like her, we apply the
methodology of Gregory and Hansen (1996) to detect structural changes which may affect the
results of cointegration tests. The methodology has a null hypothesis of no cointegration against
the alternative of cointegration with one structural break. The results (not shown here but available
on request) failed to reject the null of no cointegration, unlike the findings in Voronkova (2004).
The different conclusions are likely due to the fact that Voronkova uses local-currency indices,
whereas we convert all indices to dollar terms.

Given the lack of cointegration, we use vector autoregression models in first differences to
further explore the extent of comovements between the CE equity markets and those of Frankfurt
and London. A variance decomposition of forecast errors from the VAR models essentially parti-
tions the proportions of the variance in returns into domestic and foreign factors. To the extent that
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Table 5
Multilateral Johansen cointegration test results

Number of cointegrating vectors Maximum eigenvalue test Trace test

Five percent critical value Statistic Five percent critical value Statistic

Panel A: German and Central European stock markets
0 28.588 18.565 54.079 36.428
1 22.300 10.571 35.193 17.864
2 15.892 6.275 20.262 7.293
3 9.165 1.018 9.165 1.018

Conclusion r = 0 r = 0

Panel B: UK and Central European stock markets
0 28.588 22.426 54.079 39.826
1 22.300 9.184 35.193 17.400
2 15.892 7.246 20.262 8.216
3 9.165 0.970 9.165 0.970

Conclusion r = 0 r = 0

The Johansen and Juselius (1990) procedure (no deterministic trend in data) is used to test multilateral cointegration
between the German or the UK stock market and the Central European stock markets of the Czech Republic, Hungary
and Poland as a group. The r denotes the maximum number of cointegrating vectors. The 5% critical values provided by
MacKinnon-Haug-Michelis (1999) indicate no cointegration.

an equity market is unaffected by other markets, its returns variance will be almost exclusively
caused by domestic factors. This is what we would expect to find, given the results of the static
cointegration analysis.

Table 6 reports the variance decomposition results over a 10-day period for two VAR models:
one including Germany and the CE equity markets, the other containing the UK with the CE
equity markets. The results are similar, whether the German or the UK market is present: the
Polish and the Czech equity markets appear to be less influenced by other markets than the
Hungarian one, with 83% of the forecast error variability in returns deriving, after 10 days,

Table 6
Forecast error variance decomposition of returns

Day Poland Hungary Czech Republic

Germany UK Germany UK Germany UK

1 90.10 91.54 77.74 78.67 82.80 83.36
2 84.36 86.31 75.42 75.72 82.02 82.27
3 82.72 84.40 74.89 74.69 81.92 81.97
4 82.21 83.59 74.87 74.24 82.00 81.90
5 82.13 83.20 75.05 74.01 82.14 81.91
6 82.24 83.01 75.30 73.89 82.31 81.95
7 82.44 82.93 75.60 73.84 82.49 82.00
8 82.69 82.92 75.90 73.82 82.68 82.05
9 82.97 82.95 76.22 73.82 82.86 82.11

10 83.25 83.01 76.53 73.84 83.04 82.16

The first column under each CE country heading reports the forecast error variance decomposition of a VAR model
including Germany and the CE equity markets while the second column includes that of the UK and the CE equity
markets.
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from domestic shocks as opposed to less than 77% for Hungary. This decomposition procedure
is sensitive to different orderings of the markets, however. Changing the ordering reduces the
differences between Hungary and the two other CE markets, but for each a high percentage of
variance continues to be explained by domestic market forces. Our findings suggest a somewhat
lower degree of exogeneity of the Czech and Polish markets than that found by Chelley-Steeley
(2005) for the period 1994–1999 but no change for the Hungarian equity market.

4.2. Dynamic multivariate analysis

Our initial application of dynamic methods involves the use of the recursive cointegration
approach of Hansen and Johansen (1992) in which the cointegration (lambda trace) statistic is
calculated over an initial defined period (two weeks). We extend this period in weekly increments
and recalculate the cointegration statistic. We also use a rolling-window approach to calculate
the cointegration statistic as Pascual (2003) points out that the recursive test, in which the length
of the window increases as new observations are added, is statistically less powerful than the
rolling-window cointegration test, in which the length of the estimation window is fixed and
“rolls forward” over time. We select a window length of 500 days, or approximately two years,
and move it forward one week at a time. A plot of the cointegration statistics should reveal the
time-varying or dynamic nature of the long-term relationship of the equity markets. For ease of
interpretation, the calculated statistics are rescaled to a 90% critical value. The interpretation of
rescaled values above 1 is of cointegration, below, no cointegration.

Fig. 1 shows the evolution of the lambda trace statistic for two multivariate representations,
one consisting of the CE countries and Germany, the other the CE countries and the UK, for
both the recursive and the rolling window methods. It is obvious that, while overall there is
some evidence of cointegration in both groups, there are periods of time when the normalized
trace statistic is less than the 90% critical value (below 1.0 in the graphs). Therefore, a con-
clusion of cointegration at all periods would be inappropriate. Instead, cointegration appears to
be episodic, disappearing during periods when short-run dynamics of the markets become more
important.

For the period 1995–2000, we observe that the initial evidence of cointegration disappears
by early 1998. This is fully consistent with the results of Jochum et al. (1999) who ascribe
the absence of cointegration to effects of the Asian–Russian crises on the CE markets. By mid
2000, cointegration of the CE markets with Frankfurt and London re-emerges for a period of
approximately two years. All five markets simultaneously experienced major downswings as part
of broad global equity market retrenchments. However, by mid 2002 the Czech and Hungarian
markets were already recovering, well in advance of Warsaw, Frankfurt, and London. More
specifically, the Czech and Hungarian markets produced returns of 41% and 25.5%, respectively,
in 2002. In contrast, London and Frankfurt experienced a "21% and "35% return, respectively,
while the Polish index registered a slight loss. By mid 2002 the normalized lambda-trace statistic
has slipped below 1 which is also consistent with the finding of no cointegration by Gilmore
and McManus (2003). Although there is intermittent evidence of cointegration with London in
2003–2004, accession of the CE countries to the EU in May 2004 appears not to have restored
a long-run equilibrium. It did, however, produce a post-accession “bounce” in the CE markets,
with yearly returns of 76% for the Czech Republic, 88% for Hungary, and 54% for Poland.

This episodic evidence of cointegration prompts another method of examining market
comovements through a dynamic application of principal components analysis (PCA). Unlike
cointegration analysis, PCA does not require stationarity of the data, nor are the results model
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Fig. 1. (a) The lambda trace statistic is estimated recursively and is initially based upon a two-week window. Thereafter, the
window is increased weekly at each estimate. The statistics are plotted against the end of each time interval. The lambda
trace statistic is rescaled to a critical value (1.0 = 90%). The interpretation is: values above 1.0 = cointegration, below
1.0 = no cointegration. (b) The lambda trace statistic is calculated over a rolling window of 500 days, or approximately
two years. The window is moved forward one week at a time. The statistics are plotted against the end of each time interval.
The lambda trace statistic is rescaled to a critical value (1.0 = 90%). The interpretation is: values above 1.0 = cointegration,
below 1.0 = no cointegration.
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dependent. PCA detects equity market comovements by converting a matrix of their returns into
linear combinations of unobserved factors, known as principal components, which explain the
variance of the set of market returns. (For the mathematical details see Appendix A.) The first fac-
tor (first principal component) is constructed to explain the maximum variation in the set of market
returns. Successive factors account for successively smaller amounts of the total variation in the
market returns set. There will be as many principal components or factors as variables (equity
markets).

The relative importance of a factor is given by its associated eigenvalue. Thus, the factors
can be arranged in descending order, according to the proportions of variability they explain.
The coefficients (loadings) of each principal component give the contribution of each variable
to that component. For ease of interpretation it is useful to convert these coefficients to corre-
lations between the variable and the principal component. Once the components are identified,
we calculate the proportion of variation in the data explained by the largest, or first, principal
component (PC1). The ability of PC1 to explain a large proportion of the variance is an indication
of a substantial degree of market linkage; if each principal component explains only a small part
of the variation, this indicates that the markets are less driven by a common factor. Thus, PC1 can
provide a measure of the extent of equity market comovements.

While PCA is generally applied as a static mode of analysis, we present a dynamic version
which allows us to detect changing levels of linkages over time, as well as evolving patterns of
contributions to the comovement process by individual equity markets (for an early dynamic
application see Jochum et al., 1999 and more recently Volosovych, 2005). We chose a two-year

Fig. 2. The total variance of the data set is equal to the sum of the five eigenvalues. There will be as many eigenvalues
as there are variables in the data set. The proportion of the variance explained by each principal component is given by
!2

"/
!

!2
#, for " = 1 through p, p being the number of variables. The 500-observation rolling-window is advanced weekly.
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rolling window to match the period used in the dynamic cointegration analysis. Since the
cointegration results were similar, regardless of whether the London or the Frankfurt market was
used to represent the developed EU countries, we combine the five markets into a single PCA
analysis for economy and ease of presentation.

Fig. 3. Correlations of (a) UK’s, (b) Germany’s, (c) Czech Republic’s, (d) Hungary’s, (e) Poland’s return with first principal
components, 500-day rolling-window. The correlations of individual market returns with the first principal component
(PC1) are calculated by multiplying the factor loadings for PC1 by the square root of its eigenvalue. The 500-day rolling
window is advanced weekly.
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Fig. 3. (Continued ).

Fig. 2 shows the total variance in the set of five market returns, as well as the proportion
explained by each principal component. The impact of the 1997–1998 Asian and Russian crises
is clearly apparent in the greatly increased variance. By September 2000 the high variability of that
period has disappeared from the two-year rolling-window analysis, and the variance remains quite
stable until the date of EU accession by the CE countries. We do observe, however, a reduction
in total variability in the group of markets beginning shortly before the new members joined the
EU on May 1, 2004.

Initially, PC1 explains nearly 40% of the total variability; it increases fairly sharply in October
1997 as variance increases, followed by a gradual rise to about 60% by the fall of 1998. The 1997
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Fig. 3. (Continued ).

increase was also observed by Jochum et al. (1999). In Fig. 2, PC1 consistently explains almost
60% of the total variability in the set of market returns, while the remaining principal components
individually explain much smaller proportions. This is evidence that these markets are linked to a
fairly high degree by a single underlying factor. For approximately the last seven years this level
has remained relatively stable. Perhaps surprisingly, although consistent with the results from the
dynamic cointegration analysis, there is no tendency toward increased levels of comovement as
the CE countries brought their financial institutions and economies into closer alignment with
those of the EU members.

A dominant PC1 may indicate that all the markets participate in the relationship, but it could also
result from comovements by only a subgroup of markets. The correlations between markets and
PC1 should clarify this issue. Fig. 3 reveals that the UK and German markets have been dominant
in PC1 for most of the 10-year period. These two markets form a closely aligned subgroup with
correlation levels of about 80%, while the Czech and Polish markets form another subgroup
at correlation levels of about 70%. Of the three CE markets, only Hungary shows a somewhat
weakening correlation (but still above 60%). The falling correlations of the Czech market with
PC1 in the fall of 1997 and briefly in the spring of 2003 provide an interesting example of an
inconsistent relationship. It is also informative to observe the behavior of the individual market
correlations with PC1 in the period around EU accession. Although PC1 is quite stable, the range
of correlations with the individual markets narrows, indicating an increasing similarity in their
relationship to that factor.

5. Conclusions

In this paper we examined the comovements between CE and developed EU markets using both
static and dynamic methods of analysis. The static analyses for the period July 1995 to February
2005 as a whole indicate relatively low levels of short-term correlations as well as a lack of
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statistically significant cointegration. Dynamic analyses using a rolling-window approach yield a
more complex portrait of unstable short-run correlations and intermittent long-run cointegration.
A dynamic principal component analysis shows nevertheless a single stable factor capable of
explaining a large proportion of the behavior of the five markets as a group.

Overall, there is little evidence of a fairly steady progress toward a long-term equilibrium
relationship of the CE equity markets with those of the UK and Germany. This is somewhat
surprising, considering the strong trade links with EU countries, Germany in particular, and the
decade-long process of alignment of CE economies, political and financial institutions with the
EU. Rather, the changing interactions of these markets point to intermittent periods of (statistically
significant) cointegration with episodes during which short-run dynamics of the various markets,
such as different economic growth rates or periods of instability, emerge to dominate the long-
run relationship. This leads us to conclude that the process of EU accession has not changed the
comovements between the CE equity markets in ways that would materially reduce diversification
benefits for dollar-based investors.

Appendix A

Principal Components Analysis (PCA) is a form of factor analysis that provides a way to
examine the structure of interrelationships in multivariate data, as well as a means to describe it
in a parsimonious way. PCA converts an observed N # p matrix X with matrix elements xij into
linear combinations of unobserved factors f1 to fp, known as principal components, that explain
the variance of the original data set. In vector notation the transformation is

xi,j =
"

fi,"vj," (A.1)

where

fi," = xi,1v1," + xi,2v2," + · · · + xi,pvp,"

and p is the number of variables, N is the number of observations, 1 $ i $ N, 1 $ j $ p, and
1 $ " $ p. The vi," of the first principal component (" = 1) are calculated to maximize the ratio
of variance to total variation in the data, subject to

!
v2
i,j = 1. The vi,2 of the second principal

component form the weighted linear combination of the observed variables which is uncorrelated
with the first linear combination and which accounts for the maximum amount of the remaining
total variation in the data matrix. The remaining uncorrelated principal components account for
successively smaller proportions of the remaining total variation.

Methods of factor analysis, including PCA, are based on a theorem known as singular value
decomposition (SVD). According to this theorem, it is possible to decompose a rectangular data
matrix X as follows:

X = U!V% (A.2)

or, more explicitly,

xi,j =
"

ui,"!"vj,"

where U is an N # p matrix, with matrix elements ui," where the p columns " = 1, 2, . . ., p are
orthonormal eigenvectors which, with time series data, will be in the “time domain;” ! is a
diagonal p # p matrix of eigenvalues with !",# = !" if " = #, and !",# = 0 if " &= #; Vj,"% , is a p # p
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matrix with elements vj,"% where the p rows are orthonormal eigenvectors in the “market (variable)
domain” containing the jth coefficient vj,"% of the eigenvector ".

The computational algorithm is as follows:

1. Compute the p # p square matrix

X%X = (U!V%)%(U!V%) = V!2V%. (A.3)

2. Diagonalizing X%X gives the spectrum of p eigenvalues !2
" and for each !2

" the eigenvector
vj,".

3. The dual eigenvectors ui," can be computed by diagonalizing

X%X = (U!V%)(U!V%)% = U!2U%. (A.4)

4. For each eigenvalue !" there are thus two corresponding eigenvectors, ui," and vj , vj," and the
relationship between ui and vj is

ui," = !2
"xi,jvj," (A.5)

vi," = 1#
!2

"xj,i%ui,"

(A.6)

The SVD has an important interpretation in the least-squares sense. It is possible to compute the
sum of squares !k

" " $$$Xi,j "
"

ui,"!"vj,"

$$$
2

= !2
k,1 + · · · + !2

p (A.7)

When k = 0, we see that the sum of the eigenvalues equals the variance of the data set and when
k = p the entire structure of the data set has been accounted for. The eigenvalues can be ordered,
!2

1 ' !2
2 ' !2

p and the percentage of variation in a data set accounted for by eigenvector vj," is
calculated as

P" = !2
"!
!2

#

(A.8)

The components of the first eigenvector, v1,1, v2,1, . . . , vp,1, describe the relative contribution of
each of the variables to the structure of the data described by the dominant eigenvector.

In PCA the usual practice is to transform the raw data matrix into either the covariance or
correlation matrix. The correlation matrix of mean-centered variables is used in this study. The
covariance matrix should be avoided when there are differences in scale in the data set. Results
will be somewhat different, depending on whether the covariance or the correlation matrix is used,
and there is no straightforward translation between the two sets of results.

Using the above algorithm, the coefficients of the principal components are obtained from the
elements of the matrix V. The principal components are ranked, largest to smallest, according
to the eigenvalues !2

", each associated with an eigenvector vj,", in the V matrix. The elements
of eigenvector vj,1, corresponding to the largest eigenvalue !2

2, provide the coefficients of the
first, or largest, principal component, the elements of eigenvector vj,2, corresponding to the next
largest eigenvalue !2

2, provide the coefficients of the second principal component, and so forth.
The coefficients vj," give the contribution of each of the data variables to principal component



C.G. Gilmore et al. / The Quarterly Review of Economics and Finance 48 (2008) 605–622 621

". These coefficients can be converted to correlations of the individual variables with principal
component " by multiplying each by the square root of the associated eigenvalue.

Lj," = vj,"

#
!2

"(varp
(A.9)

where, for the correlation matrix, varp = 1.
For purposes of examining market integration the first principal component is of primary

interest. It accounts for the largest proportion of variance in the data and so can be considered as
an indicator of the degree of integration. Although PCA has been used as a means of static analysis,
it can be adapted, as is done here, to a dynamic examination of the process of market integration.
Its variability over time can be presented graphically with a rolling window of appropriate length.
In addition, the correlations of the individual markets with this component can also be similarly
presented to provide additional information concerning the extent of participation by the various
markets in the group.
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Röckinger, M., & Urga, G. (2001). The evolution of stock markets in transition economies. The Journal of Business &

Economic Statistics, 19, 73–84.



622 C.G. Gilmore et al. / The Quarterly Review of Economics and Finance 48 (2008) 605–622

Scheicher, M. (2001). The comovements of stock markets in Hungary, Poland, and the Czech Republic. The International
Journal of Finance and Economics, 6, 27–39.

Sobol, D. M. (1996). Central and Eastern Europe: financial markets and private capital flows. Research Paper #9626. New
York: Federal Reserve Bank of New York.

Volosovych, V. (2005). Measuring financial market integration over the long run: Is there the U-shape? Working Paper,
University of Houston.

Voronkova, S. (2004). Equity market integration in Central European emerging markets: A cointegration analysis with
shifting regimes. The International Review of Financial Analysis, 13, 633–647.


	The dynamics of Central European equity market comovements
	Introduction
	Market characteristics
	Data
	Methodology and empirical results
	Static multivariate analysis
	Dynamic multivariate analysis

	Conclusions
	Appendix A
	References


