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Abstract

In this paper I investigated the driving factors of integration of emerging capital
markets into the global market. First, I analyzed the level of integration/segmentation of
selected Central and Eastern European (CEE) countries using the methods of correlation
analysis, cointegration, and CAPM. Second, I searched for the reason(s) of substantial
variance of the level of integration/segmentation among the countries and throughout the
time. I compared two different factors, which both might cause such differences,
analyzing the problem from both static and dynamic point of views. I tried to answer the
question, whether there is a causal relationship between the fluctuation of the level of
integration/segmentation of a particular market within a pre-defined time frame and its
economical (and political) performance. Or, alternatively, whether the decisive factor is
more static than dynamic: the market size predetermines the level of integration that the
country is able to achieve.

This paper was initiated by confronting results of three previous studies. Three
students of Central European University have analyzed the subject of CEE capital market
integration using different methodologies and timeframes and have arrived at different
conclusions. Maria Haroutounian (1997) concludes her MA Thesis „Risk Exposure of
Transition Equity Markets and their Integration into World Capital Markets" with the
statement that all emerging markets (as represented by the Visegrad group) are
becoming more and more integrated into world capital portfolio. On the other hand,
Tigran Minasian (1998) widened his sample to several CEE countries and compared them
on the market-size basis. The final result of his study was that large emerging countries
are becoming more integrated into the global market, while small markets are becoming
more segmented. The last research, conducted by Miriam Ratkovicová (1998) analyzed
the time fluctuation of the level of integration of emerging capital markets and was
concluded with the result that the level of a market’s integration/segmentation is directly
dependent on the country’s economic performance. These papers analyzed other
aspects of equity markets as well, which are not going to be dealt with here.

Conclusively, the aim of this paper was to analyze the results of the above mentioned
papers, to update their models and reach a consensus in answering the question of where
the equity markets of emerging Europe are going.

5

CASE-CEU Working Papers Series No. 35 – Driving Factors ...

I gratefully acknowledge support of Economics Department, Central European University, namely Prof.
Gábor Korösi and Prof. Jacek Rostowski for their help and comments on earlier drafts of the paper. I am also
indebted to Prof. Wojciech Charemza, especially for suggestions for further directions and improvements of my
research. Finally, I am thankful to my fiancé, family, and Deloitte & Touche for their support and understanding.



1. Introduction

At the time of writing (December 1998), most stock markets were moving
dramatically. Emerging stock markets around the world had been still reeling from
October's 1997 Asian crisis when, from the biggest to the smallest, the countries of
Central and Eastern Europe were unable to escape the Russian financial crisis. Some were
exposed through the trade with Russia, some because of financial investments there.
Others have been suffering through the indirect impact of crisis on international financial
markets. Both the crisis on Russian stock markets and the recent East-Asian crisis were
suggesting a re-run of the October 1987 stock market crash on emerging markets. Such
erratic movements in financial markets call for a worldwide attention and deep analysis
of the local markets and investors' behavior, as well as a re-examination of many of the
traditional methodologies and their underlying assumptions used in equity market
analysis.

The purpose of this paper was to examine the equity market of the representative
group of six countries of emerging Europe (namely Czech Republic, Estonia, Hungary,
Latvia, Poland, and Slovakia) and to provide evidence on the (in)efficiency on their capital
markets. These countries have more or less successfully restructured their economies
since 1989, reducing dependence on Russia and preparing for entry into the EU. There
are big differences between the countries, which have undergone a successful transition
(Czech Republic, Poland, Hungary) and those, which have experienced a botched or
hesitant (e.g., Slovakia) transition. Still, all of them have experienced the influence of the
financial crises on their economies. Equity prices tumbled, even in the most attractive
economies, Hungary and Poland, where they fell in August 1998 by 40% and 30%,
respectively. Slovak SAX fell below the psychologically important level of 100 points
during the same period. It could be argued that Central Europe has been caught in the
crisis less than Eastern Europe. However, geographical proximity to Moscow seems not
to be overwhelmingly important (a good example is the case of Estonia, which has been
weathering the storm much better than Latvia or Lithuania).

There have been two confronting views concerning the final effect of these crises. On
the one side, some economists argue that the most perilous consequence of the crises
might be a cut of economic growth and waned liquidity in these markets, as well as the
erosion and eventual loss of confidence from foreign investors. The crises have stressed
the differences between the emerging and developed markets, which were blurred while
the international financial markets were booming and the investors were less
discriminating. Now, many investors have pulled out of the CEE markets, often because
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strong western economies have more liquid markets, making investments easier to sell.
Even though the gap between these countries is not unbridgeable and there is an
opportunity to improve the economic prospects if the right lessons are drawn from the
Russian crisis and embarks on market-oriented reforms, the international investments
environment has become more hostile than before, due to the turmoil in the East Asia as
well as Russia. Central European markets have already staged some modest recoveries,
but investors' sentiment towards all emerging markets could remain cautious for some
time.

On the other hand, as the after-effect of the crises seems not to be very strong,
foreign investors are returning to the region (mainly Poland and Hungary) they fled during
the peak of the Asian crisis. That is partly because investors forget the country's 'emerging
market' label and start to invest on the basis of company and economic performance. And
partially because most big international funds are getting out of Russia, scared off by its
continued political and economic instability, shifting some money into Central European
region. Emerging markets of CEE are starting to come of age. Companies are still cheap
to buy, but make plenty of money. Foreign direct investment is surging, which should have
a knock-off effect on the new capital inflow.

The above discussion draws a lot of attention and requires an answer whether the
differences between the emerging and developed markets are becoming sharper, scaring
off the investors from CEE (the markets are becoming more segmented), or whether the
investors are really starting to forget about the 'emerging-market' label, investing on the
basis of economic performance only. (That is whether there is a trend of further
integration of emerging markets into the world capital market). In this paper I tried to
answer the above question by analyzing the pattern of integration/segmentation of six
European emerging markets. The investigation itself was done in two dimensions (static
and dynamic) using three different econometric methodologies (correlation,
cointegration, and CAPM). From dynamic point of view, I analyzed the fluctuation of the
level of integration/segmentation of each individual market throughout the time of its
existence. I looked for the links of this fluctuation with the economic and political
development of the particular country. I tried to answer the question whether there is
any causal relationship between these factors. From the static point of view I split the
selected markets into two sub-groups: small country portfolio (Slovakia, Estonia, Latvia)
and large country portfolio (Hungary, Poland, and Czech Republic). The purpose was to
test for the hypothesis of a country-size effect on the efficiency of the market. The
hypothesis was that the level of integration of small countries into the world capital
market is limited due to their size as the absence of sufficient market capitalization
prevents them to run efficient stock exchanges.
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I ensured that the countries form a representative sample of CEE region [1]. They
have been exposed to different levels of influence of Russia [2], are of different sizes and
have reached different levels of the transformation process. Nevertheless, numerous
researchers have observed in their studies that emerging markets exhibit some common
behavioral patterns. For instance, Fama and French (1997) specified four main features
regarding emerging markets: (1) higher returns on average than in the developed
countries during the same sample periods [3]; (2) greater volatility [4]; (3) weak links
among the emerging market returns (very little, sometimes even negative correlation);
and (4) size effect in emerging market returns [5]. In this paper I focused on the above
mentioned characteristics of the emerging markets with a special focus on the Central
and Eastern European region.

The remainder of the paper is organized following these characteristics. Subsequent
to introduction is a short chapter analyzing the characteristics of the market return
behavior testing for the first two features, high return and volatility. The following chapter
focuses on the third characteristic, testing for the linkages among the selected group of
emerging markets as well as their integration with the developed markets, as represented
by the US and German markets. Except the correlation methodology found in the Fama
and French (1997) I also used the test of cointegration (used also by Ratkovicová (1998))
and Capital Asset Pricing Model (found also in Haroutounian (1997) and Minasian (1998)).
As opposed to correlation, which analyzes the capital market linkages from the short-
term perspective, cointegration method is more forward-looking. Both of the methods
have, however, a common disadvantageous fundamental assumption (even though usually
not stated explicitly) that the risk is the same across the markets as well as constant or
changing randomly over time. On the other hand, CAPM offers a differentapproach to

8

CASE-CEU Working Papers Series No. 35 – M. Ratkovicová

[1] Minasian (1998) also included Russia into the large-country portfolio. I felt that since the country has
recently undergone a financial crisis, it is economically and politically unstable. It represents very a
heterogeneous market, which is too large even in comparison with other CEE countries included in the large-
market portfolio. I believe that this market requires a completely separate analysis and, consequently, I excluded
it from the sample of selected countries.

[2] Share of trade with Russia (% 1997)

Source: Nomura International; Daiwa 

[3] See also Harvey (1995).
[4] Ten of the 16 countries' reported portfolios have annual return standard deviations above 50% what is

in a sharp contrast with US market returns' standard deviation of 14.64%.
[5] Similar results have been found as well for the developed markets by, inter alia, Thaller (1992).

Exports Exports
Czech Republic 3.2 Latvia 21.0
Estonia 15.7 Poland 8.4
Hungary 5.0 Slovakia 3.7



a different approach to testing for integration accounting for the proper adjustment to
risk. The fourth chapter is divided into two sections. While the first one searches for the
links between the fluctuation of the level of integration of each particular market and its
economic perfomrance throught time, the second section compares the levels of
integration of the markets achieved on the base of their size, testing for the hypothesis
that only large countries are abble to run efficient capital markets, whereas small markets
remain segmented and inefficient. The paper finishes with the summary of a research.
The relevant literature references and an appendix with the empirical results and short
data descriptions are attached at the end.

This research is significant for the following interrelated reasons. First, this study
empirically examines the interconnection of the level of integration of each selected market
with its economic and political development. Second, it tests whether the level of the
integration that the market is able to achieve is pre-determined by the size of the particular
country. On the other hand, there are some limitations to this study as well. Whilst the
three testing methods differ in detail from each other, operations of all are still just a
simplification, which builds upon the Portfolio Theory whose assumptions are questionable,
most notably the Efficient Market Hypothesis (EMH) [6]. The EMH evolved from a notion
of a perfect market and, applied to stock markets, this means that the price of a share
incorporates all information about that share. As such, security prices are fairly valued and
will only change when new information will enter the marketplace. The EMH attributes
significant movements in prices to the impact of important economic news. Prices will,
therefore, follow a 'random walk' to the extent that new information will be independent
of last piece of information, which has already been incorporated into share price.

Different types of efficiency can be distinguished in the context of the operation of
financial markets. In this paper I dealt with the information processing efficiency, which
has been propounded in three forms [7]:

– Weak form efficiency (test for return predictability): The weak from states that
knowledge of past share prices is fully absorbed into today's price. The next price change
is random and totally independent of historic price movements.

– Semi-strong efficiency (test for event studies): The semi-strong form postulates that
randomness occurs because current prices reflect not simply past prices, but all publicly
available information.

– Strong efficiency (test for private information): The strong form declares that current
prices fully reflect all information, including insider information.

9
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[6] Gordon and Rittenberg (1995) specified the five basic assumptions of the EMH.
[7] Fama (1970, 1991).



The evidence collected in the early literature on EMH suggested that stock market
showed efficiency at least in its weak form [8]. In other words, current share prices should
reflect all or most publicly available information about companies and their securities,
weakening the speculative opportunities. Competition among well-informed market
participants should drive financial asset prices to a level, which reflects the best possible
forecast of their future payment scheme.

On the other hand, the EMH theory fails when it comes to an explanation of the financial
market crashes, such as October 1987 Wall St. Crash, 1992 ERM debacle, erratic behavior of
FT-SE 100 during 1994, 1997 East-Asian crisis, and 1998 Russian financial collapse. Following
the EMH predictions, in order for the crash to have occurred, given the inter-relationship
between corporate management, investors and the capital market, stock prices should have
assimilated all the available information and issued warnings indicating their future drop. Since
this did not happen, it suggests that the EMH, and hence the market, is at its most efficient
when conditions are stable. This is usually in the middle of a bull or bear phase and,
consequently, a significant portion of the market may be driven for a significant period of time
by irrationality, conflicting uncertainties and speculation rather than fundamental values [9]. 

As a consequence, critics claim today that, after more than a decade of international
financial scandals, the EMH, if it operates at all, does so only in the weakest of forms. The
notion that stock prices follow a random walk is invalidated and the case for the EMH in any
of its forms is seriously weakened. This raises further questions about linear models of asset
pricing based on market efficiency, such as the CAPM.

Concerning the most recent development on asset pricing techniques, research has
mainly focused on empirical studies and applications of existing models. Some new alternative
models have been developed (such as Asset Pricing Theory, Coherent Market Hypothesis,
Speculative Bubble Theory, Catastrophe Theory, etc.) which are able to handle non-linear
relationships, but here too, standard econometrics using linear assumptions still tend to be
used in order to simplify its implementations. Additionally, empirical evidence for its support
is still sparse and its application is still limited to developed equity markets. Most of them also
lack the possibility of predictions, therefore missing an alternative explanation of how financial
markets operate.

Consequently, the original models based on EMH are still used for capital market
efficiency analysis, even though the EMH is just an abstraction of the real world, a model with
questionable assumptions as investors do not always behave rationally, capital markets are not
perfectly competitive, and fiscal obstacles and barriers to trade do exist.
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[8] The hypothesis of strong form efficiency can never be tested fully, since true insider information is
illegal and remains outside the public domain.

[9] See, e.g., Hill (1994).



2. Comparative Analysis of Return Behavior Characteristics

As already mentioned in the introduction, it has been observed in many studies that
emerging market returns exhibit a very specific behavior. For instance, Fama and French
(1997) compared the monthly equity returns in developed and emerging markets (CEECs
not included in the sample base) during the period 1987–1995. First, the results of 12
industrialized and more than 30 developing markets show that average returns in
emerging markets are higher than in developed markets. Second, specific characteristic
of the emerging markets is a high volatility (the reported values of standard deviation of
monthly returns for emerging markets are above 50%). Third, it has been shown that the
links among the emerging markets measured by the correlation between the excess
market returns of individual countries are weak. Forth, there seems to be a size effect in
emerging market returns as big stocks tend to have lower average returns than small
stocks [10]. 

In this part of the paper I focused on the first two characteristics of emerging
markets. Table 1 (see Appendix) provides summary statistics for the daily equity returns
(in local currencies) of the selected sample of CEECs for the entire period of their
existence, starting since 1991 or the beginning of the operation of the local stock
exchange (whichever was later) through 1998. For comparison, the results for Frankfurt
and New York markets are also presented for the same time-period. In case of NYSE, the
observations from the previous day were used due to the time difference of opening and
closing of stock exchanges. 

The mean daily returns during the sample period starting from the opening of local
stock exchanges till the last quarter of this year in the six transitional markets range from
0.0264% in Slovakia to 0.2559% in Latvia. Comparing these results with the results of
the two developed markets under study (0.055% for DAX and 0.0545% for NYSE index)
I came to the conclusion that some of the developing markets support the hypothesis of
relatively higher returns (Latvia, Poland, Hungary) while others do not (Czech Republic,
Slovakia, and Estonia). This could be, however, especially during the earlier stages
of the transformation, influenced by a higher rate of inflation in Poland, Hungary
and Latvia.

The standard practice of market volatility determination is by the use of standard
deviation measure. Following the theory, lower volatility indirectly reflects higher stock
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[10] Investment managers classify firms that have high B/M (book-to-market equity), E/P (earnings-to-
price), D/P (dividends-to-price), or C/P (cashflow-to-price) ratios as value/big stocks as opposed to
growth/small stocks.



market development. Consequently, transition market returns are characterized by high
volatility. This statement is fully supported by the results presented in Table 1 since all the
V4 [11] and Baltic countries under study report a value of standard deviation of daily
returns greater than 1% (Polish, Estonian and Latvian indices have s.d. even above 2%)
while the s.d. measures of the two developed markets stay below or very close to 1%.

Figure 7 plots the mean rate of returns against the standard deviation. It can be
observed that even though RICI, WIG, and BUX indices exceed the others in terms of
average daily returns, the value of standard deviation is quite high (especially for Latvian
and Polish indices). This means that there is a high trade-off between the rate of return
and the volatility in these markets. On the other hand, even though SAX, PX-50, and
TALSE provide lower average levels of returns than the developed market indices, they
still have a substantially higher standard deviation.

The assumption of normality in returns is rejected for every stock index at 1%
significance level according to the Bere-Jarque normality test. The pattern of significantly
large kurtosis in all 8 markets indicates that returns are peaked higher than would be the
case of normal distribution. Also, the kurtosis measure greater than 3 indicates fat tails.
Since throughout the remainder of the paper I assumed normal distribution of the returns
to be able to apply standard econometric models to the market data, possible problems
with final results must be mention, which are dealt with in detail in Kominek and
Majerowska paper (1999). On the other hand, although the returns are proved to be
non–normal also in the case of industrialized markets their skewness and excess kurtosis
levels tend to be much closer to zero what is considered to be a sign of a higher maturity
of these markets.

The plots of the returns can bee seen in the Figures 16–21. They only confirm the
great volatility with the highest level in Polish WIG index. Additionally, the presence
of the heteroscedascisity can be observed from the graphs. When comparing the plots of
the returns and the plots of indices themselves (see Figures 1–6), it can bee seen that
in the case of PX-50, SAX, and WIG the greatest volatility in returns resulted
during the boom at the end of 1993 and the beginning of 1994. In case of the
Hungarian index, there was an increase of standard deviation level during this
period as well, but not so significant as the greatest volatility can be observed
during the last several months of 1997.

As the above mentioned observations from the graphs indicate, the summary
statistics of emerging markets for the entire period are not very reliable, as the returns
are very volatile. Additionally, the plots of the V4 and the Baltic indices show a trend
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[11] Hungary, Poland, Czech Republic, and Slovakia are referred to as the Visegrad group or V4 after
the treaties of cooperation signed between them in Visegrad, Hungary in 1990 and 1991.



pattern in the series. Consequently, a more detailed analysis is required measuring the
mean, standard deviation, skewness, kurtosis, and normality for the different periods of
market's development separately. Tables 2–9 report the results of descriptive statistics
for the Visegrad markets for each year separately.

The presented results only confirm estimations from the graphs of the residuals. Both
the skewness and excess kurtosis measures indicate non-normality and the test of √χ2

only confirms it statistically. Both Hungarian and Polish indices started their history during
1991 with the negative daily mean returns. During the boom in 1993, the average daily
returns increased to the level of 0.1346% and 0.9542% respectively. Subsequently,
during the period of 1994–95, they decreased again, in case of WIG even dropping below
zero. However, the emerging markets had a difficult year in 1995 in general. International
Finance Corporation reported a decrease in share prices of Investable Composite Index
(incorporates 26 emerging markets – Czech Republic, Hungary, and Poland including) by
10.3% in USD terms at the end of 1995 [12]. That year began with some of the greatest
monthly declines, following heavy losses in December 1994. One of the reasons could be
the uncertainty due to the Mexico's currency crisis and subsequent massive sell-offs of
shares. This trouble period in history of emerging markets is often compared to the
famous October 1987 world stock market crash.

Similar results for this period can be observed for the other two V4 markets as well.
After a tremendous start of both Czech and Slovak indices in 1993, they were hit by the
global decreasing trend. Interestingly, SAX reacted with almost one-year delay (indicating
segmentation of the market). In contrast to decreasing mean returns, the volatility level
measured by standard deviation decreased for this period. In Hungary, Slovakia, and
Czech Republic it went below 1% level in 1995. Even though s.d. of WIG returns stayed
above 1%, when compared with the level of previous year (3.8118%) it was still a
substantial decrease.

As far as the subsequent year of 1996, there was a complete turnaround in the
development on equity markets. The Budapest Stock Exchange topped all the world's
stock exchanges in terms of its average rise in share prices [13]. The average daily returns
on BUX rose from 0.0151% to 0.3797%. A similar success has been observed in Polish
market (a rise from 0.0058% to 0.2431%). This huge growth is most often attributed to
the fact that the shares were previously undervalued. In addition, foreign investors
showed increased interest in these markets as the local companies listed on the stock
exchanges reported an excellent performance. The volatility measure increased in both
markets by a small amount during this period, but it did not get to the extreme levels that
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[12] World Economy in Transition, Finance and Development, March 1996.
[13] Brucker (1997).



WIG returns experienced during the boom of 1993–94. The blossoming of the Hungarian
market continued also during 1997, while in Poland there was a substantial decline in the
average daily returns. Last year, however, resulted in a decrease of BUX daily returns as
well, most probably caused by the financial crisis on the Russian market.

Regarding the Slovak and Czech markets, neither one experienced the positive
development in 1996 as measured by mean daily returns. In contrast, there has been a
decreasing trend in both markets, which resulted in negative average returns of PX-50
during 1997, followed by SAX the following year. The reason could be a limited interest
from the foreign investors' point of view due to the political instability in Slovakia and a
high non–transparency and poor reputation of the Prague Stock Exchange in the case of
Czech market.

Concerning the two Baltic indices, they started their existence in 1996 in very
positive terms, reaching the highs of 0.7322% (RICI) and 0.3126% (TALSE) in average
daily returns. Even though hit only marginally by the Asian crisis in 1997, they were caught
completely in the web of falling Russian debacle last year.

The overall development on emerging markets described above in relation to the
movements on the developed markets is graphically depicted in the Figures 8–15. In 1991
(Figure 8) both WIG and BUX lie on the negative side of the scale indicating negative
mean returns. During the two subsequent years they are shifted far to the right,
overrunning both the NYSE and German indices. The influence of Mexican currency crisis
in 1994 is reflected by a gradual transition beyond the zero point during 1994–95 (Figures
9–10). The global boom during 1996 brought all the indices under the study to the first
quadrant, while the East-Asian and Russian crisis had just the opposite influence. It can
bee seen that the events on Russian financial markets had a much greater power in terms
of influence on the CEECs, as only Czech market resulted in negative mean daily returns
for 1997, but all except Polish WIG finished on the left-hand side of the graph (Baltic
indices being positioned the most west-ward). 

Another graphical representation is offered by Figures 22–27 showing the
development on each market throughout the time separately as represented by the
Sharpe Ratio (mean return over standard deviation), being the most commonly used
indicator of the relative risk-return tradeoff.
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3. Testing for the Integration/Segmentation of the CEE Markets

Numerous studies have investigated the interrelationship among the world financial
markets involving a large number of markets. There are several ways to test for the
degree of stock market integration, but basically two major approaches may be defined:

(1) One approach models the restrictions to integration explicitly and derives their
effect on equilibrium returns [e.g. Cooper and Kaplains, (1986); Stultz (1993)]. The basic
assumption of the approach lies on the definition of financially integrated markets, where
capital flows freely across borders making the compensation of investors for bearing the
risk, the ‘price of risk’, equal across markets. In the opposite case, if there are capital
controls or other forces imposed preventing free movement of capital across borders,
then it follows that different economies will demand different levels of compensation for
risk, resulting in different prices of capital.

There are several difficulties arising from this approach when making an inter-country
comparison, especially due to the large variety of different capital controls imposed upon
the markets. In other words, different countries may have different mechanisms for
restricting capital movements (ownership restrictions, taxes, or other barriers). 

Another difficulty arises when the direct measure of the severity of capital control is
not available. Specifically, it is possible that the market does not explicitly state any capital
restrictions (or only very little), but there may be some informal barriers which lead to
de facto market segmentation. An example could be the case of Slovakia when the
political uncertainty could play a role of such an implicit barrier preventing foreign
investors from entering the market. A similar example could be a bad reputation of the
Prague Stock Exchange discouraging the foreign portfolio investment. By the same
reasoning there could be problems arising in segmented markets, as there are always
possibilities to circumvent the official restrictions.

In case of emerging markets, this problem is even magnified by a large number of
barriers to consider and the difficulty to quantify them. As already mentioned, it is very
hard to quantify and model political risk explicitly, which might be a very important factor
for many emerging countries.

Given the difficulty of directly comparing the effects of wide array of official capital
controls across countries, one of the methods used as a measure of deviation from capital
market integration is cointegration, defining a common component in the short-run
pattern of the stock prices. However, it has been shown on an example of several
countries that the levels of national stock price indices are non-stationary what imposes
a problem since the stationarity assumption is a requirement for the models examining
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the efficiency of international stock markets. Specifically, the non-stationarity of
international equity indices raises doubts about the consistency of estimated standard
errors of such models. 

In order to make the equity index series stationary, the normal econometric practice
has been to take the first differences of the series. This method was used in section 3.1
on correlation. Unfortunately, first differencing imposes too many unit roots (as proven
in section 3.2), and filters out potential important information regarding long-run
common trends among non-stationary stock indices.

Cointegration test has become a new method of analyzing international market
linkages. Cointegration is a property possessed by some non-stationary time series. In
general terms, two variables are said to be cointegrated when a linear combination of the
two is stationary, even though each variable is non-stationary. In contrast, lack of
cointegration suggests that such variables have no long-run link; in principle, they can
wander arbitrarily far from each other. In terms of cross border equity markets efficiency,
cointegration implies that national stock market indices are linked (they do not drift far
apart) even if the stock indices are non-stationary. In section 3.2 I used this methodology
to test cross-border equity market efficiency of selected CEE equity markets as well as
their linkages with the developed markets (Germany and USA).

Indeed, former studies testing the extent of integration of emerging markets using the
first approach typically yield results that are consistent with the observed market
regulations.

(2) The second approach initially assumes that markets are integrated and that a
particular asset-pricing model holds [e.g. Campbell and Hamao, 1992]. The drawback of
this approach is the lack of universally accepted international asset-pricing model.  

In the international version of CAPM of Sharpe (1964) and Lintner (1965) investors
are presumed to hold a diversified portfolio of equities from all national markets, that is,
a world market portfolio. In this model, the portfolio is the variance of the world’s well-
diversified portfolio. The risk of individual countries or stocks is measured by their
covariance with the world market portfolio. However, the world portfolio might be an
inefficient benchmark. Roll and Ross (1994) point out that there may be little or no
relation between risk and expected return in this case. As a result, although estimating
risk exposure is possible, this risk exposure may not be that meaningful in distinguishing
between high and low expected returns. 

An alternative approximation of equilibrium is a multiple-factor world CAPM. In this
case, the risk of an investment is measured by its contribution to the variance of a
portfolio of the factors. These factors are often specified to present broad economic
forces, such as world interest rates, dividend yields, inflation growth, etc. 
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As indicated by Harvey (1995), both single-factor and multiple-factor CAPM present
measures of risk. These measures are contingent on the asset-pricing model’s being well
specified. Recent research on international equity markets, for instance, has uncovered
considerable time variation in accepted access returns, but it is not clear what drives this
predictability. Some studies show that common risk factor explains a large factor of the
time and cross–market variation in returns [e.g. Harvey, 1991]. This suggests that
markets in industrial economies are relatively well integrated. In the study on Latin
American markets by Claessens, et al. (1995), the rejection of CAPM suggests
segmentation of those emerging markets.

There are many possible sources of statistical rejection of these models. First, the
fundamental assumptions that provide the building blocks for these models, such as utility
specification, information environment, or distributional assumptions, could be violated.
Second, the benchmark portfolio that is used to measure risk could be improperly
specified. Third, there could be problems with the data caused by infrequent trading of
the component stocks. Forth, capital markets may not be integrated. 

Despite all the deficiencies of CAPM it has been found that returns in different
industrial countries can be predicted by using a common set of instruments [Harvey,
1995]. This communality suggests that industrial countries are relatively well integrated
[Claessens, 1995]. Thus, one way to measure integration is to test for any communality
in the factors driving the predictability of returns across countries, using conditional
(multiple-factor) CAPM.

3.1. Correlation

One way to measure integration with the world markets is to measure correlation
between returns of individual countries. By definition, correlation is a measure of a
common component in the variables under study. In this paper it is a measure of the
common component in expected stock returns and hence, indirectly, of market
integration. The low value means segmented markets while a high value means integrated
markets. In general, if the markets are segmented (returns do not move together) they
provide a possibility for reduction of risk by portfolio diversification, as lower returns in
one market can be partially offset by relatively higher returns in the other markets.

Although it is unlikely that one global risk factor explains all of the cross-sectoral and
time variation in stock returns, it is equally unlikely that returns in perfectly integrated
markets would show low correlation. In fact, many authors found that stock returns in
major industrial countries are highly correlated [Bekaert, 1995; Harvey, 1995]. However,
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as Fama and French (1997) report, the third characteristic of emerging markets is a low
correlation of their returns with the industrialized ones.

The result of low correlation between the developing countries suggests a possibility
to decrease the higher volatility of the markets by combining them in portfolios. The
foreign investors could use this result to fight against the uncertainty in these markets.
However, as Fama and French (1997) show in their paper, the standard deviation of
a diversified emerging market portfolio returns is still twice as large as the standard
deviation of diversified developed market portfolio.

However imperfect, the correlation of expected returns is the measure of market
integration, it is used in this study as it may shed a light on relative degree of integration
of economy returns.

3.1.1. Methodology
Let us assume that an investor holds a portfolio of assets from n countries. The

expected returns on the portfolio Rp, is simply the weighted average of expected returns
for each country in the portfolio, the weights being the relative shares invested in each
country,

(1)

where wj is the proportion of total funds invested assets from country j,j=1,.....n.
The total variance of the portfolio is then

where,
σi

2 is the variance of the return on the securities from country i,i=1,...n;
σi is the standard deviation of returns on stocks from country i,i=1,...n;
σij is the covariance of returns on stocks from countries i and j; and
ρij is the correlation between returns on stocks from countries i and j.
As a result, by holding portfolio of assets whose returns do not move together in

perfect harmony, the lower returns on some of the assets can be partially offset by
a relatively higher returns on the other assets, resulting in a reasonable overall portfolio
return, yet a reduced total portfolio risk.

Thus, low correlation is indicative of greater degree of integration and significant
benefits through portfolio diversification.
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3.1.2. Empirical Results
The daily return correlations among the tested markets are very various.

Concerning the entire period, most of the Visegrad markets exhibit remarkably
small, and in many cases even negative, correlation with the industrialized markets
(see Table 10). This is in a sharp contrast with 0.25 correlation between DAX and
NYSE indices. The only exception among CEECs is Hungary, which shows a very
strong correlation of 0.25 with DAX. On the other hand, other Visegrad and Baltic
countries seem to be more integrated in between, since Slovak index has the highest
correlation value with the Czech index, Polish WIG shows the greatest correlation
with Hungarian BUX, and RICI has the highest value with TALSE.

Analyzing the level of integration among the markets separately for each period
by splitting the data into eight-year sub-periods shows that all the Visegrad markets
started their history with extremely low correlation of returns with the developed
markets (Table 11 and 12). While the early stages of development (1991–92) on
Budapest and Warsaw stock exchanges do not reveal any correlation neither with
DAX and NYSE, nor among themselves, both SAX and PX-50 started in 1993 with
quite a significant correlation value with the Polish index (Table 13).

Since 1994 BUX started to be oriented towards NYSE market even though its
highest correlation was with PX-50 (Table 14). WIG followed the BUX's trend
towards NYSE. The rest of the markets increased their integration during this year
mainly with the other developing countries.

The subsequent year of 1995 could be characterized by a substantial
segmentation trend on Visegrad markets (Table 15). There has been a drop in all
reported values. Concerning the integration towards the world markets, both BUX
and WIG reoriented towards the German market. Additionally, it must be
mentioned that there also has been a decreasing trend of correlation among the two
developed markets as well when the correlation dropped from 0.34 in 1991 to 0.16
in 1995.

The global trend has changes since 1996 (Table 16) as there has been a general
pattern of acceleration in correlation what can be interpreted as the evidence of the
gradual integration of emerging markets of CEE into the world capital market. Both
WIG and BUX became notably correlated with DAX while the level of correlation
with the NYSE index was not either too low. This has also resulted in a great
increase of correlation of the two countries in between (0.35). In contrast, Slovak
and Czech markets remained segmented from the world markets, but they
increased their level of correlation with the V4. During this year the Baltics have also
entered the game, being the mostly linked to the Polish and Hungarian markets.
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The year of 1997 (Table 17) influenced by Asian events continued in a similar pattern.
BUX and WIG reached enormous returns' correlation levels with DAX and among
themselves of around 50%. Once again, SAX and PX-50 decreased their integration with
the other markets when some of the reported levels dropped even to the negative
values. Additionally, they also moved further apart from each other. Concerning the Baltic
states, there have not been any radical changes since the previous year.

The year of 1998 could be characterized by a substantial increase in almost all levels
of correlation values (Table 18). The Polish and Hungarian indices have segmented from
the German DAX, but all the CEE stock prices increased their mutual correlation values,
all being influenced by the Russian crisis (It would be interesting to compare these
results with the correlation of CEECs with the Moscow SE index).

A conclusion could be made that as the performance on the capital markets
worsened at the end of 1994 and remained so during the whole subsequent year, the
share prices dropped, mean returns decreased, and at the same time the markets moved
away from each other (became more segmented). This could be due to the global
decreasing trend in capital markets. Additionally, there was an outside fear of possible
over-heating of the Hungarian and Polish economies. Subsequently, as the development
on the stock exchanges peaked its highs once again in 1996, the markets revealed much
greater correlation and therefore became more integrated. 

It is also possible to measure a correlation between the logarithmic forms of the
indices themselves. However, since the time series are very strongly trended, results
provide an insight into the similar pattern of the trends only. Still, it might be interesting
to mention that the two western indices together with BUX exhibit a very strong
correlation (close to 1) and thereby a very similar dynamics (see Table 19). In contrast,
SAX and PX-50 are only very little correlated with the developed markets.

At the end I have to mention that in addition to defaults of the differencing
methodology of the returns’ correlation technique of integration testing, due to the
substantial instability in emerging markets as well as a relatively short sample period, the
presented return results for current period may not provide a representative picture of
the expected future performance of these markets.

3.2. Cointegration

One of the main attempts of analysts – "chartists" studying stock indices is to prove
that past prices are valuable indicators of future price movements. However, if the
market is efficient in a sense that current price compounds all information, than such
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'search' is clearly pointless. So the trading rules based on previous index series are simply
a practical test of the weak-form of market efficiency.

The weak efficiency hypothesis concentrates on the econometric testing of the
degree of integration (or cointegration) among stock markets. The hypothesis states that
asset prices from two different markets cannot be cointegrated. If stock prices in two
given markets are cointegrated, stock price changes in one market are predictable by
changes in other market. On the other hand, if these stock prices are determined
independently, then given the history of the stock prices in one market, no other
information could be useful to explain changes in stock prices. Thus, cointegration implies
inefficiency.

3.2.1. Methodology
Testing for cointegration involves three steps:
1. First, determine the presence of units (order of integration) in each of the indices

involved. This basically involves the Dickey-Fuller (DF) and the Augmented Dickey-Fuller
(ADF) unit root type of analysis. To test for the unit roots I used the regression model
with the drift of the form:

(1)

where xt is any stock price series, α0 is the drift, et are error terms, and the hypothesis is:

Following the standard practice of the literature on unit root tests, I transformed the
data into natural logarithms. Similarly as in the case of correlation test I used the lagged
value of NYSE index. I also ran unit root test on the first difference of stock prices:

(2)

with the hypothesis:

If the null hypothesis of stock prices in a particular country have a unit root is not
rejected, the consecutive changes in stock prices over the period are random. Hence, the
stock market is weak-form efficient.
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2. The second state involves estimating the following cointegrating regression by
ordinary least squares:

(3)

where xt and yt are the national equity index series being tested for cointegration. In fact,
in this case, the estimate of δt is said to be super consistent, because it converges to the
true value at a faster rate than would be so with conventional asymptotics. However,
conventional inference procedures do not apply, and the super consistency result does
require that yt depends only on xt; if other variables enter the relationship between yt and
xt, the cointegration regression (3) must be modified accordingly [14].

3. Third, the stationarity of the cointegrating regression error zt is tested for. That is,
it is examined whether the estimated time series of the residuals from the cointegrating
regression (3) has a unit root. In cointegration tests, the null hypothesis is non-
cointegration (against the alternative of cointegration). Engle and Grander recommend
the Dickey-Fuller test (DF) and the augmented Dickey-Fuller test (ADF) for
cointegration, which is also going to be used in this analysis. This test is performed by
estimating the following regression:

(4)

where zt is the estimated residual recovered from eq. (3). This test involves the
significance of the estimated π0 coefficient: if π0 is positive and significantly different from
zero, the zt residuals from the equilibrium equation are stationary so the hypothesis of
cointegration is "accepted". 

The specific hypothesis is:

The DF and ADF statistics are the "t-statistics" associated with estimated coefficients
π0. Based on simulation, Engle and Yoo (1987) provide critical values for cointegration
tests.
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3.2.2. Empirical Results

3.2.2.1. Unit Roots
Before testing for cointegration, the order of integration of the national indices must

be determined. Tests for unit roots are performed using the Dickey-Fuller (DF) and the
augmented Dickey-Fuller (ADF) tests. The null hypothesis is that the national stock
indices have a unit root, against the alternative that they do not. The results of the unit
root tests based on log index units are presented in the Table 20 (see Appendix). Panel A
reports the DF and ADF tests of stationarity for the entire period in levels and first
differences of the emerging stock indices about a non–zero mean, while Panel B reports
the results for the developed market indices. Tables 21–28 list the results obtained after
splitting the sample if data into eight years. The critical values of statistics are tabulated in
Engle and Yoo (1987).

The reported results indicate the presence of a unit root in the levels of all indices
(i.e., the null hypothesis can not be rejected at 1% significance level), with the only
exception of PX-50 (Czech index) for the year of 1995 and RICI for 1997. However, with
regards to the dynamics of the two indices, it can be observed from the Figures 3 & 5
(see Appendix) that PX-50 & RICI exhibited a relatively stationary pattern during
this period. Still, there is no evidence to support the presence of a unit root in first
differences of the stock price indices. The null hypothesis of a unit root in first differences
is rejected for all nine stock price index series at 1% significance level. These results are
broadly consistent with the hypothesis that national stock index series are individually
integrated of order one, I(1), implying that the stock price level of the ith market at t is
solely dependent on the stock price at (t–1), plus an error term. The markets are
individually weak-from efficient. This satisfies the first condition of cointegration.

3.2.2.2. Univariate Cointegration
Next I examined whether the six CEE national stock market index series are

cointegrated. The general procedure is as follows. Each of the indices is taken as a base
index and the OLS estimations of the cointegration regressions with each of the rest of
the CEE stock prices under study are performed to examine the stationarity of the
residuals. The Granger's representation theorem suggests that for the pair which exhibits
cointegration, the symmetry of cointegration applies:

If X has at least one cointegration vector, which reduces the order of unit roots in the
system of a linear combination of X and Y, there always exists an invertible finite-dimensional
vector for Y which assures cointegration between Y and X. (Ma (1993), pp.290–291).
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In practice, however, testing the null hypothesis of cointegration is not the same as
testing the null hypothesis of no cointegration. In the second case the null hypothesis of no
cointegration, which is also used in this study, cannot be accepted symmetrically. The
reason behind it is that the empirical testing procedure described under methodology used
here is designed to find a linear OLS vector that would stabilize the system of otherwise
non–stationary index series. The failure to find such a factor does not imply that there is
no other cointegration vector. In other words, empirically rejecting the hypothesis that X
and Y are not cointegrated does not automatically imply the acceptance that Y and X (test
in the opposite direction) are cointegrated. Subsequently, it is necessary to test the null
hypothesis of no cointegration in both ways due to the described asymmetry.

The Tables 29–34 contain the results from the test of cointegration throughout the
whole period under study, each taking different CEE stock price series as a base index.
For obvious reasons it was not investigated whether CEE markets could explain for the
changes in developed markets' indices (the same reasoning can be used for exclusion of
Baltic indices in Tables 29–32). The reported results show that the stock markets of
Hungary, Czech Republic, Slovakia, Poland, Estonia, and Latvia appear not to be
cointegrated either with the German and New York markets, or within the CEE group
since the null hypothesis of no cointegration cannot be rejected in either case. At the 5%
level the critical value of the DF statistic is –3.37 and ADF statistic is –3.25. Both are
tabulated in Engle and Yoo (1987). This outcome suggests that the links of the stock
prices in the six CEE stock exchanges have been very weak over the period 1991–1998.
While both BUX and PX-50 seem to be mostly related with the developed markets (even
though still not satisfying the limits of cointegration), WIG looks like a completely
segmented market. On the contrary, SAX, the index of Slovak Republic, which is assumed
to be the most isolated market out of the V4, imposing the greatest barriers, shows the
highest level of relation with all the markets under study for the entire period of its
existence [15]. Surprisingly, SAX is the only index under study in case of which the
cointegration with DAX cannot be rejected at 5% significance level. As far as the two
Baltic indices, they seem to have developed much stronger links towards the V4 than
towards the developed markets. These results seem to be in a sharp contrast with the
studies of the cointegration of major world stock exchanges (France, Germany, Japan,
UK, US), which usually result in substantial amount of interdependence among these
markets [16].
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[15] It must be mentioned that in recently there have been numerous steps taken in attempt to lessen
the barriers imposed on the flow of capital in Slovakia, the latest being an amendment to the economic acts
fostering the development of the capital market by canceling the taxation of yields from securities.

[16] See, e.g., Ma (1993); Arshanapali and Doukas (1993); Kam and Pikki (1993); etc.



Since, as mentioned earlier, the period under study is relatively large and numerous
significant changes have occurred in transition countries during this period, the results
over the entire sample period are not very reliable. Consequently, the dataset was
divided into seven subsamples.

Concerning the first three years under study (1991–1993), the reported results are
consistent with the results from the correlation testing (see Tables 35–37). It could have
been expected that since the markets indicated only very low level of correlation in their
return behavior during these years, they probably would not result in a high cointegration
either.

A paradox of the subsequent year of 1994 (Table 38) is a result of cointegration of
Hungarian BUX with the Frankfurt index at 5% significance level (DF=–3.408* and
ADF=–3.738*). It is a surprising finding since BUX return series for this year resulted in
a much higher correlation with the NYSE index (15.61%) than with DAX (10%). SAX
became another index resulting in significant ADF level (–3.268*) reported for the
residuals of the OLS of SAX on PX-50. This result, however, is consistent with the highest
level of correlation between the two markets for 1994 (21.75%). In contrast to a
relatively high level of correlation between BUX and PX-50 (21.67%) and BUX and SAX
(17.20%), in both of the two cases a hypothesis of no correlation could not be rejected.

Similar as in the case of correlation testing, the year of 1995 (Table 39) can be
characterized by an overall deceleration of the mutual integration of the markets as
represented by the drop in all the DF and ADF statistics to zero or low unit values. With
portfolio investors being threatened by a Mexican currency crisis and a subsequent global
drop in both share prices and returns, the emerging markets became more segmented.
It would be interesting to compare these results with the development on industrialized
markets during this period.

The results from the year 1996 reveal many surprising observations (Table 40). First,
it has to be repeated that both BUX and WIG recorded a great increase in terms of
return growth while the other two Visegrad indices SAX and PX-50 have undergone a
generally decreasing trend. This resulted in a high correlation of both BUX and WIG with
the DAX index (17.35% and 17.52% respectively) as well as an increase of the
correlation between the two markets (35.26%). On the other hand, both Czech and
Slovak indices show only a very low level of correlation with the developed markets.
Subsequently, it has been a great surprise that Hungarian index reported extremely low
levels of DF and ADF statistics resulting in no cointegration with the rest of the markets
under study. On the other hand, the null hypothesis of no cointegration in the case of PX-
50 is rejected in the case of DAX and the DF and ADF statistics got close to the critical
values in case of both NYSE and BUX. Concerning SAX and WIG, their reported DF and
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ADF values are consistent with the correlation results. The generally low correlation of
Slovak market resulted on very low DF and ADF statistics accepting no cointegration
hypothesis. WIG’s extremely high value of correlation with BUX resulted in a level of DF
and ADF being close to the critical value. The last surprise for this year was that RICI’s
relatively high correlation with WIG (11.38%) and low correlation with PX-50 (–3.72%)
resulted in almost a rejection of no cointegration with PX-50 (DF=3.1036) while the
reported DF and ADF values for cointegration with WIG are relatively very low.

The results for both 1997 and 1998 indicate a collective segmentation trend in all
CEECs markets as all DF and ADF statistics dropped significantly (see Tables 41 & 42).
This is in a sharp contrast with a huge increase in correlation values, especially in the case
of BUX and WIG with regards to the developed markets. In general, these results
indicate that the magnitude of interdepence between the Visegrad countries has
decreased over the last two sub-periods. Therefore, the linkages among these markets
during this period are consistent with the notion of cross-border efficiency efficiency in
the sense that these markets probably do drift apart. On the other hand, as these markets
seem to decrease their external linkages in terms of weak-form efficiency (the hypothesis
of no cointegration cannot be rejected in any of the markets under 5 % significance level),
it is implied that the performance of one market has no impression on the others. The
most important implication of the results of cointegration tests suggesting a small degree
of interdependence in the stock prices of CEE stock markets is that they offer an
appealing choice for international portfolio diversification policy by random diversification
schemes in these markets.

The final conclusion can be made that there has been quite a substantial fluctuation
of integration and segmentation of Central and Eastern European markets throughout the
period under study, starting with no cointegration,  increasing the international links
during 1994, separating during 1995 just to increase the cointegration linkages during
1996, and a subsequent continuous drop since 1997. It can be deducted that the timing
of the cointegration fluctuation has been more or less consistent with the correlation
fluctuation. However, the specific results (and not just the general trend) have been often
in a sharp contrast between the two testing procedures, as already discussed above.

3.2.2.3. Multivariate Cointegration
The methodology of testing for univariate cointegration as described above assumes

that the economic variable is determined by only one underlying variable. Specifically, I
tested whether, for instance, SAX is cointegrated with each of the rest of CEE indices
separately. The underlying assumption of such study was that there is only one
cointegration vector in each stock index and that the equilibrium level of one stock index

26

CASE-CEU Working Papers Series No. 35 – M. Ratkovicová



can be modeled by only one other stock index. However, when dealing with the
international time series, it is conceivable that economic variables are simultaneously
driven by several underlying fundamentals. That means that the univariate cointegration
tests dealing with the non-stationary time series such as stock indices fail to account for
the possible presence of more than only one stochastic system in the modeled economic
variables. This model-misspecification biases the cointegration-test results [17]. 

The multivariate cointegration model pre-supposes a certain level of interrelationship
among the markets under study. Due to the geographic proximity and especially
economic and political similarity and interconnection, I decided to test for the
multivariate cointegration among the Visegrad group only. The logic behind the
multivariate cointegration test is that if BUX, WIG, SAX, and PX-50 stock indices are
integrated, then following the economic theory, an equilibrium relationship should exist
among all V4 markets simultaneously. The implication is that the stock index of an
integrated market should be modeled by the other three stock indices. Consequently, a
more proper form of cointegration tests should be conducted on the system of the
relationship among the Visegrad stock markets as folows:

(5)
(6)
(7)
(8)

Subsequently, the stationarity tests are then performed on any of the estimated
residuals et, ut, zt, yt. Coming back to cointegration testing asymmetry, it is necessary to
conduct cointegration tests on all four equations since if any of the tests for cointegration
fails to reject the null hypothesis of no cointegration, it does not imply any cointegration
in the rest of the models.

The testing procedure is similar to the one applied in the univariate cointegration
tests and the following equation specification is used:

(9)

Where xit represents stock indices from different V4 markets. The residuals zt are
recovered and tested for the presence of the unit roots.
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The Table 43 reports the results obtained from OLS regression specified in the
equations (5) to (8). The critical value for ADF statistic tabulated in Engle and Yoo (1987)
for 10% significance level is –4.06. Two of the residuals (from the OLS with BUX and WIG
as base indices) reject the presence of unit roots and thus fail to reject the null hypothesis
of no cointegration. Therefore, it can be said that I manage to find two cointegration
vectors, which stabilize the system of V4 stock indices which is given by equations (5) & (6).
The residuals from the equation (7) also reported the ADF value extremely close to the
critical level, leaving SAX as the only base-index reporting low cointegration statistics.

Subsequently, it has been a big surprise to see the results of multivariate cointegration
test for the sub-samples of six year-periods (see Table 44). High, even significant values
of ADF statistic for the entire period under study resulted in extremely low values for the
subsample periods. On of the possible explanations could be that there is a certain
cyclical pattern of interconnection among the V4 markets which reflects in significant DF
and ADF values for the entire period under study. In case that these cycles do not
correspond with the year-end periods, these relationships would be broken by the
process of splitting the data into yearly sub-periods, resulting in cointegration. 

The conclusion is that even though in the case of univariate cointegration testing no
cointegration has been found among the V4 for the whole period, and almost all of the
stationary residuals for the individual subsamples were from the industrialized market
indices, the multivariate cointegration testing revealed much stronger links among the V4
countries. All of the reported DF and ADF statistics are much higher than in the case of
univariate cointegration. This implies that any one stock market index should be modeled
by the other three indices to avoid the underspecification of the integration models.
Additionally, only large samples of data over longer periods of time should be tested to
avoid an unintentional break in the natural periods of development. One should be able
to come to similar conclusion in case of multivariate cointegration testing of a group of
three Baltic states.

Due to the shifts of dependence of Visegrad indices on the developed markets (as
revealed by correlation and univariate cointegration techniques), I used the multivariate
cointegration method to model each of the indices based on both DAX & NYSE indices.
Unfortunately, no cointegration vector was found. 

3.3. CAPM

To test the sensitivity of small countries returns to measure of global economic risk I
use the single and multiple-factor Capital Asset Pricing Model (CAPM).
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Single Factor CAPM 
The basic assumption of the model is that the investors divide their wealth into

riskless and risky investments in proportion that depends on individual risk aversion. In
choosing a portfolio of risky assets, investors seek a high expected returns-to-variance
ratio. In international version of the CAPM, the country risk is defined as sensitivity
(covariance) of the country returns to a world stock return. The reward per unit of
sensitivity is the world price of covariance risk. The difference in the countries’
covariances should explain the differences in national performance if there is only one
source of risk.

However, as was mentioned earlier, the international CAPM may have many sources
of statistical rejection, such as, the existence of more than one source of risk, incomplete
market integration, or some other misspecification. The notion that risk can be defined
as the sensitivity of market returns to the changes in the world returns is contingent on
the assumption of complete market integration. As the amount of segmentation
increases, the risk can take on new definitions as a security’s sensitivity to local market
factors. The intuition is as follows. In integrated markets the sensitivity to local events can
be hedged by a diversified portfolio (negative event in one country may be offset by
positive news in another). However, if markets are segmented, the sensitivity to local
events can have dramatic effects on required returns for the securities that trade in the
local market. Thus, in single factor CAPM the assumption of complete market integration
is crucial. Based on correlation analysis in section 3.1 it is reasonable to suspect that small
emerging markets of Eastern Europe are not perfectly integrated into world markets.
Thus, it is clear that a single factor model is not enough to provide a meaningful definition
of risk in emerging models.

Despite all deficiencies of CAPM, many authors [Harvey, 1991; Buckberg, 1995]
found that the empirical results indicate that the covariances are able to capture some,
but not all, of the dynamic behavior of country returns. The idea here is to explore the
emerging markets’ sensitivities to world returns. This is a logical place to start, and the
study may have important insights that can be persuade for future studies on small market
integration. If the local returns are dependent on world portfolio returns, then betas may
capture some degree of integration into world markets.

Multiple Factor CAPM 
International asset pricing models that include multiple factors are described in Bansal

et. al. (1993). In this case, the risk of the country investment is measured by its
contribution to the variance of a portfolio of the factors (assuming the factors are traded
asset returns). The global factors are often specified to represent broad economic forces
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such as world interest rates, world inflation growth, dividend yields, business cycle
movements. The local risk factors may include interest rates, exchange rates growth,
dividend yields. The risk of each country can be characterized by a number of betas that
represent the sensitivity to changes in these factors. The dependence on global factors,
as well as lack of dependence on local factors, may be indicative of some degree of
integration.

Another important issue in CAPM specification concerns how information is
incorporated into the analysis. The traditional analyses of returns employ static models.
For example, risk exposures and therefore expected returns are often assumed to be
constant. In the context of mature, industrial economies, this might be an innocuous
assumption. In context of emerging markets, however, it is unlikely that risk exposure
remains constant over time. Emerging countries are often characterized by shifting
industrial structure that will induce changes in risk sensitivities. In this study, however, the
short period of time for which returns data is currently available prohibits estimation of
time-varying betas.

3.3.1. Methodology

Single Factor CAPM
According to the model, if emerging markets are a part of global market, then each

market’s expected returns should be proportional to the covariance with a world
portfolio in excess of the safe rate:

where,
Rjt is the total return on some asset/country j;
Rft is the rate of return on the risk-free asset (US T-bills rate);
βj is the proportionality factor
Rwt is the total return on the world portfolio.
Under the model, optimizing behavior leads investors to care only about covariance

risk with the world portfolio and about no other sources of risk. If the single factor CAPM
describes the world expected returns, the proportionality factor βj may be interpreted as
the measure of integration of the country j into world markets and positive significant
intercept, α, would imply that returns in that country exceed expected level of
performance (i.e., investors in that country are expected to earn positive rates of return
even if the world as a whole were expected to earn nothing).
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Multiple Factor CAPM
Whereas the single-factor CAPM focuses upon the linear relationship between beta

factors and returns, the multiple-factor CAPM is more general model, which subdivides
the systematic risk into smaller components. Any factor which impacts upon investor
returns may be incorporated into the model. For example, an unexpected change in the
rate of inflation (purchasing power risk) might affect the price of securities generally. In
other words, the multiple factor CAPM conditions the expected returns on some
economic factors Ζt-1. The returns now depend on a number of global and local risk
factors. In a k-factor model, the expected value of an excess return for country j satisfies:

where,
Ζj is a set of conditioning information for country j;
βjk is the sensitivity of the excess returns in country j to the kth factor in Ζj.

Ideally, the information set, Ζt-1, should replicate information investors use to predict
prices. For each period the actual rates set during the previous period serve as a
conditioning information. Initial tests of the model established that a four factor linear
version of the multiple-factor CAPM is a more accurate predictor of security returns.
Specifically, Ross (1976) stated that the expected return on a stock is directly
proportional to its sensitivity to:

– investor attitude toward risk;
– interest rate;
– inflation;
– industrial productivity.
I felt that an exchange rate is yet another crucial factor, which needs to be

incorporated into the model. Additionally, as the intention of my research was to test for
the integration/segmentation of the markets, I needed to use two types of factors: global
and local. Consequently, I used the following five local and five global instruments:

where,
Rt-1-Rft-1 is the lagged local excess returns;
ejt-1 is the lagged local exchange rate;
ijt-1 is the lagged local interest rate;
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πjt-1 is the lagged local inflation;
Yjt-1 is the lagged local  GDP growth;
Rwt-1-Rft-1 is the lagged return on world portfolio;
ewt-1 is the lagged rate of change of foreign exchange rate;
iwt-1 is the lagged US interest rate;
πwt-1 is the lagged US inflation;
Ywt-1 is the lagged US GDP growth.
The predictive power of global factors may be interpreted as indicative of some

integration. Similarly, the lack of predictive power by local factors may be interpreted as
some degree of integration.

3.3.2. Empirical Results

3.3.2.1. Single-Factor CAPM
The regression results are reported in Table 45 and are quite surprising and

contradictory to the results obtained by Minasian (1998). All the world return betas are
positive and significant at 1% or 5% level and thereby accepting the CAPM. In case of
Visegrad countries betas are considerably higher than for Baltic states indicating stronger
links with the world market returns and consequent higher degree of integration as well
as dependence on global risk factors. This finding, however, could have been expected
from the results of other tests (e.g., Visegrad group, especially Hungary and Poland,
revealed much higher correlation and cointegration with the developed markets).

Another interesting, but prospective finding was in case of Czech and Slovak markets,
where negative intercepts document poor performance of the two indices (Slovak SAX
has been blocked below the psychologically important level of 100 points for already
several months).

It is interesting to compare these results to the findings reported in the study of
Minasian (1998). In his thesis he finds that in contrast to the 'large markets' (which he
defines to be Hungary, Poland, Czech Republic, and Russia) for which the CAPM can be
expected, all 'small countries' (Slovakia, Latvia, Estonia, and Lithuania) rejected the single-
factor model due to the world return betas being small and insignificant. The reason for
such different results could be due to the different time-range tested. Consequently, I
split the period under study into seven years and test for the single factor CAPM for each
year separately. The results are presented in Table 46. 

Since 1992 through 1995, all V4 indices report high and significant world return betas
(except for PX-50 in 1993). It is interesting to observe that while during 1992–1993 the
intercepts are positive and in two cases even significant (indicating positive average daily
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excess returns), in 1994–95 the constants dropped below zero (on average, investors
incurred losses on their stocks that year). Making analogy with summary statistics (Tables
3–6) these findings are fully consistent with the hypothesis of strong influence of Mexican
crisis on the markets performances.

During the global capital market boom in 1996, all V4 intercepts increased
significantly (as well as mean daily returns in Table 7). The two Baltic states started their
existence with positive significant intercepts as well. All the markets under study seem to
be integrated into the world capital market during that year as represented by large
significant betas.

The East Asian crisis in 1997 caused jump-down in all the intercepts, and thereby
average returns, but most of them stayed positive. The single-factor CAPM model can be
accepted for the Visegrad group only as betas for world returns are very small and
insignificant in the case of Estonia and Latvia. This means much higher integration of V4
markets into the global capital market. Making analogy with the findings obtained by
Minasian, whose testing sample concentrated mainly on this period, the results seem
much more alike. In case of Hungarian market, the beta value increased above the unity
meaning that the market became more volatile, unstable and vulnerable to global risk.

In 1998 all the intercepts dropped below zero revealing much greater influence of the
Russian crisis than the Asian one. This is in line with and only confirms the results of the
previous testing methods of correlation and cointegration.

3.3.2.2. Multi-Factor CAPM
The results of multiple-factor CAPM are summarized in Table 47. For all countries

the test rejects the null hypothesis of no predictability at 5% significance level. It is
interesting to observe that for all markets under the study, the local excess returns seem
to be the driving factor, as betas are significant for all the markets, whereas the world
excess return beta is significant only in the case of Polish WIG. As far as the other factors
under the study, they do not seem to be very important as local exchange rate beta is
significant in the case of Hungary and Estonia, and local GDP growth beta in case of
Hungary and Czech Republic only. The Polish market seems to be the only integrated
one, as global factors’ betas are not significant in any of the other cases.

At the end I used Wald test to test for the collective significance of both global and
local factors. While local factors are collectively significant in case of all markets under
study, the global factors seem to be influential in case of Poland, Czech Republic and
Estonia only. The inability of the multiple-factor model to characterize the examined
emerging market returns might be the result specified economic factors being inefficient
and/or miss-specified with regards to the dynamics of these markets.
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4. Integration vs. Segmentation Analysis

It is not clear what is driving efficiency (i.e. highest returns for lowest variance) of
capital markets. The existing literature assumes that stock market in a given country
depends on either global risk (integrated market), or local risk (segmented market).
Additionally, the benefits/disadvantages of integration/segmentation of the market are
also vague. The problem can be approached in two levels.

From the market point of view, the argument for beneficiary of integration is
conditioned upon the initial assumption. Integration leaves countries vulnerable to global
economic risk factors. Since all of the emerging markets under study are characterized by
frequent changes in macroeconomic policies and/or political instability, then, assuming
that world (or leading world economies) are economically more stable, it seems plausible
that for local markets dependence on the world risk factors will be preferred to domestic
ones. Consequently, the final benefits of integration are efficient pricing and efficient
capital allocation and therefore reduced cost of capital, as well as insensitivity of local
stock exchanges to local risk factors. Then the only factors that influence stock returns
will be global factors. This, however, is contingent on the assumption that integration
mitigates local risk factors' effect. Alternatively, in case that the country is politically
unstable and this local risk represents an intrinsic characteristic of the market, then the
integration will add up global risk factor to local ones. In this case both local and global
variance will contribute to higher risk premium and higher cost of capital, if the markets
are integrated. 

From the investors' point of view, there are differing views on consequences of
integration as well. On the one side, there are critiques of the integration among
researchers that argue that integration may lead to lower potential diversification benefits
and thus reduces appetite of the international investment community for stocks in
emerging markets. Contradictory, the opponents argue that these concerns are ill-
founded for two reasons [Bekaert, 1995]:

(1) Studies do not detect any relation between the risk-return trade-off of individual
markets (as measured by Sharpe ratio) and market integration or the openness measures.

(2) Capital markets integration might help secure long-lasting portfolio flows from
institutional investors. The trend toward international diversification has caused an
increasing number of money managers and institutional investors to practice global-
asset-allocation strategies based on neutral benchmark that is close to world market
portfolio (e.g. world portfolio defined by Morgan Stanley Capital International).

Summarizing the above arguments, it can be concluded that integration is beneficial
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to both markets and investors. Integration may be viewed as a consequence of large
amount of investment in a particular country, and is therefore an indication of realized
diversification benefits. The process of integration itself takes place only when large
number of global investors try to reap excess profits on high-yield markets, thus bringing
the return levels to one world level. Thus, it can be argued that faster integration of a
country with the world markets means higher attractiveness of that country’s stocks.
Therefore, the concern that integration reduces potential diversification benefits and
hence is not beneficial for local markets is inappropriate. Segmentation of a market means
not only potential, but also unrealized diversification benefits.

In this section of the paper I wanted to test for the two factors that may cause either
permanent of temporary segmentation/integration of the market. Is there any evidence
for a presence of a permanent 'ceiling' on the level of integration that the country
is able to achieve, which is predetermined by its size? Additionally, taking into account
this 'ceiling', is there any connection between the fluctuation of the level of
integration/segmentation achieved by the market and its economic/political performance?

4.1. Dynamic Aspect: Time Factor

The tested hypothesis was whether the integration/segmentation of the particular
market depends on its economical and/or political performance throughout the time. The
basis of the method is a sensitivity analysis, which has already been undertaken for each
of the methodologies throughout the paper. Making analogy with these results the
following conclusions can be stated for each of the methodologies:

Correlation
An examination of the return behavior for each year separately showed that the

integration/segmentation of the markets is dynamically consistent with the
positive/negative development on the markets. The possible reason could be that during
the period when the capital markets are booming, lots of international portfolio investors
are entering the market and the stocks of the domestic companies get listed on the
western stock exchanges. Consequently, the markets become more correlated and thus
also more integrated. On the other hand, poor performance of the equity market may
limit its attractiveness to foreign portfolio investment and make the market more
segmented. Another justification for this explanation could be that the two "most highly-
regarded" and better performing markets of the region, Hungary and Poland, show much
higher correlation with the developed markets. Additionally, they also absorb much
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higher portion of foreign capital inflows into CEECs (see Tables 48–53).

Cointegration
The examination of the cointegration after splitting data into eight subsequent years

showed a fluctuation in the amount of relationship between the markets which was again
consistent with the fluctuation in the performance of the markets. However, the specific
pattern of the dual relationship between each pair of the markets has been
substantially different from the outcome of the correlation testing.

CAPM
As far as the performance of each particular market throughout the time period

under study, the single-factor CAPM only confirmed the results obtained by the two
previous methods. During the times of high correlation and cointegration values, the
CAPM reported positive and significant intercepts, and vice versa. However, concerning
the level of integration/segmentation as measured by the size and significance of world
return betas, single-factor CAPM appears to be an inappropriate approach for testing the
hypothesis.

Conclusively, it can be stated that different development on the
developed/world market has different influence on the emerging markets of
CEE. On the one hand, overall positive development is more or less immediately
reflected into the indices of CEECs, raising the mean returns and Sharpe Ratio
(e.g., 1993, 1996). On the other hand, external negative development can cause
various results on V4 and Baltic group. First, concerning the crisis on the other
emerging markets (outside of the European region) as represented by the
Mexican currency crisis, there was a strong, but delayed (almost by 1 year)
response from the post-communist markets under study. On the other hand,
the shake of the developed part of the world (Asia market in 1997) had only a
limited impact on the region. The last financial crisis came out of the region itself
(Russia is still considered as one of the most influential markets of the region)
last year and none of the markets was able to escape it. This would suggest a
strong integration within the region, partial integration with the rest of the
emerging countries (with a delayed reaction), and unstable relationship with the
developed markets (trend towards integration during positive times and vice
versa).
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4.2. Static Aspect: Size Factor

As was already stated earlier, compared to developed markets, transitional stock
markets are characterized by weak regulations, operational inefficiency, and small market
capitalization. Among these factors, size appears to be an intrinsic characteristic of some
economies. Stock exchanges in countries like Baltic states, Slovakia, and Slovenia will
always have small market capitalization.

Main characteristics of small countries stock exchanges are small market
capitalization value, which in turn may affect liquidity and the extend of market
capitalization.

(1) Small number of listed companies with one or two leading corporations (e.g.
Slovakia, Croatia, Slovenia).

(2) A number of small, for investors 'unattractive' companies with low capitalization.
The purpose of this section was to address the following question: Is it efficient for

small emerging economies to establish equity markets or will the small countries benefit
more if the local shares are traded on foreign exchanges? Does the size of the market
predetermine the level of integration that the market is able achieved, or there is no
interconnection at all?

The null hypothesis of this research was that stock markets in small economies are
segmented and consequently exposed to local risk factors, therefore being inefficient and
thus increasing the cost of capital. The intuition behind this hypothesis is that the
companies in small countries are unattractive, and that higher return does not justify
information and transaction costs to global investors. Alternatively, if this hypothesis is
rejected, it means that smaller size implies lower level of required investment, which
might lead to faster integration with the world markets, mitigating the effect of local risk.

In his thesis, Minasian (1998) reported that small countries appear to have higher
degree of predictability and segmentation. To compare performance of small versus large
economies he constructed hypothetical portfolios with equal investments in each
country. His main finding was that small market portfolios yield higher return and lower
volatility. CAPM model’s main results indicate higher degree of predictability, market
segmentation and dependence on local risk factors for smaller countries.

The size-effect is one of the many anomalies that have been observed at stock
markets in resent years. After numerous researches on the small caps yielding, on
average higher returns [e.g., Banz, 1981; Klein and Ledemen, 1993], there has been only
little research on country size effect. Keppler and Traub (1993) investigated the small
country effect on 18 industrial countries, including the MSCI world index and document
higher returns and lower volatility for portfolios consisting of small countries. They
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concluded that, the size is a useful selection criterion for enhancing the returns and
reducing the risk of global equity portfolios. 

The relation between size and mean return has been typically analyzed by grouping
individual stocks into portfolios on the basis of market capitalization, with periodic
regrouping to account for changes in size over time. Statistically significant differences in
mean returns between large and small firms have been documented. Consequently, to
compare performance of small and large emerging markets I defined the following two
portfolios in this study:

(1) Small Size Portfolio (Slovakia, Estonia, and Latvia)
(2) Large Size Portfolio (Poland, Hungary, and Czech Republic)
After grouping the countries according to their size I constructed the hypothetical

portfolios with equal investment in each country. The returns, therefore, are the
arithmetic averages of daily returns on individual markets. 

There are two possibilities for market comparison on the size basis. The
performance and integration of the indices can be compared either on the individual-
basis (findings for all the previous tests have been reported in the tables in appendix
such that large markets and small markets were grouped together). Alternatively,
comparisons may be done on the group-basis by re-running all the tests on the
hypothetical portfolios.

The summary statistics (see Table 54) do not support the size-effect anomaly, since
the small-market portfolio has lower average daily returns (0.0592%) then the large
market portfolio (0.0806%), but still higher variance as measured by standard deviation.
Consequently, even though the small markets are segmented as evidenced by extremely
low levels of correlation and cointegration (see Tables 55 and 57), and thus offering large
potential diversification possibilities, these would not be justified by the highly volatile
returns, which are even below the average world level (0.0633%). These results are in
line with the previous findings done on individual-basis, which also documented larger
segmentation, lower returns, and higher variance for small emerging countries under
study than the large ones.

Thus, the evidence suggests that smaller countries are segmented. However,
accounting for the fact that two out of three small countries in my sample are in the initial
stage of stock exchange operating, it could be argued that the segmentation is a
consequence of operational inefficiency and lack of experience. It is quite possible that
Baltic States are gradually integrating with the world markets, just like in case of Visegrad
countries during the first years of the existence of their stock exchanges. Especially, since
the sensitivity analysis conducted on the individual basis and reported in Tables 16–18 did
not support the null hypothesis.
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These results are fully consistent with the findings of Claessens, et al. (1995) who in
their study on return behavior examined emerging markets of Latin America, and
suggested that small size effect, found in many industrial countries does not prevail as
systematically in the emerging markets. They use the CAPM and find that the CAPM is
typically rejected in most emerging countries.

5. Conclusion

The purpose of this paper was to determine whether the capital markets of Central and
Eastern Emerging Europe are gradually becoming integrated into the world capital markets.
Additionally, the driving/preventing factors of this integration, as represented by economical
and political performance and the size of the market, were investigated. In other words, I
tried to find out whether there is any causal relationship between the market integration
and its performance. Namely, whether a good performance can be observed as a driving
factor of market’s integration into the world capital market. Without contradicting the
result of this analysis I also tested whether the size of the market can proof as being a
preventing factor of integration, given that the country is relatively small.

Summarizing the main results it can be stated that a positive relationship has been
found between the market performance and its integration. However, the presence of
the size effect could not been supported by the test results (what is in line with Claessens,
et al (1995) findings on Latin America emerging markets).

At the end, a judgement on whether the CEE markets under study are efficient should
be passed. However, the final notion of efficiency depends on its initial definition. For
instance, according to Harvey (1995) the markets are efficient if they are globally integrated
since segmentation implies inefficient allocation and pricing (high cost) of capital due to the
exposure to local risk factors. On the other hand, as cointegration literature states [18] the
markets are efficient if they are not cointegrated since the opposite would mean that they
follow the development of each other (they are predictable), and the risk-diversification
portfolio investment is therefore not possible. Consequently, since the notion of efficiency
as defined in capital market environment is disputable, once saying that the markets are
efficient when they are integrated (global efficiency), other time when they are not
(individual efficiency), I tried to limit the use of the word efficiency throughout the paper,
referring rather integration/segmentation (unless the type of efficiency was clearly defined).
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Appendix

Data Description

This study concentrates on Central and Eastern European countries stock exchanges:
Czech Republic, Estonia, Hungary, Latvia, Poland, and Slovakia. PX-50, TALSE, BUX,
RICI, WIG and SAX indices are the official indices of the Prague, Tallinn, Budapest, Riga,
Warsaw and Bratislava stock exchanges, respectively. They were created according to the
International Finance Corporation (IFC) Index methodology as capital-weighted indices –
they compare market capitalization of a selected set of shares with the market
capitalization of the same set of shares as of the reference day. The indices belong to
so-called performance indices that reflect an overall change of wealth resulting from
investment in the shares that are included in the index. This means that performance
indices reflect, in addition to changes in prices, also the dividend payments and income
resulting from changes in the amount of the share capital, that is a difference between the
current market price and issue price of the new shares. 

The index formulas are flexible and allow to alter representation of particular
companies in the index and their number, depending on how their tradability changes or
in the case of a new company entering the capital market. In the case of a change in the
index structure, the correction factors are set up in such a way that the index with the
new structure continuously follows development of the index with the previous
structure.

Daily closing data for all four indices have been collected from the respective stock
exchanges over the period beginning 1993 and ending 1998. When national stock
exchanges were closed due to national holidays, bank holidays, or other reasons, the
index level was assumed to remain the same as the one on the previous trading day. Since
national stock markets are operating in the same time zone with the same opening and
closing times, no attention is needed to the problem of the trading overlap common in
analysis of the world stock exchanges.

For comparison purposes I used the indices of developed markets, specifically
German and US markets. Throughout the entire analysis I used the lagged value of NYSE
index to adjust for the time differences. For the purpose of CAPM I approximated the
risk free asset by the use of GT-30 (30-year maturity British government bonds).
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Test Results
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Table 1. Summary Statistics (entire period: 1991–1998)

Emerging
Indices

BUX WIG PX-50 SAX RICI TALSE

Mean Return (%) 0.1052 0.1466 0.0264 0.0062 0.2559 0.0064
Std.Dev. (%) 1.4884 2.4712 1.3670 1.9569 2.6867 3.0287
Sharpe Ratio 0.0707 0.0593 0.0193 0.0032 0.0952 0.0021
Skewness -1.2591 0.0005 3.3600 3.6532 3.3560 -1.1235
Kurtosis 21.8388 5.1183 33.2941 46.4066 36.9657 8.7240
Minimum (%) -18.0331 -11.3443 -7.5664 -12.4540 -10.3165 -21.5765
Maximum (%) 11.4491 14.7831 15.3905 27.5531 32.0365 12.8667
Normality Chi^2 3389.4** 802.94** 641.79** 862.84** 336.56** 289.37**

Developed Indices DAX NYSE GT-30
Mean Return (%) 0.0550 0.0545 -0.0228
Std.Dev. (%) 1.1276 0.7428 0.7207
Sharpe Ratio 0.0488 0.0734 -0.0316
Skewness -0.6666 -0.6731 0.1782
Kurtosis 5.8813 9.3293 1.5699
Minimum (%) -8.3822 -6.7911 -2.5954
Maximum (%) 6.7173 4.4796 3.8273
Normality Chi^2 750.08** 1525.2** 137.14**

Table 2. Summary Statistics (1991)

Emerging Indices BUX WIG PX-50 SAX RICI TALSE
Mean Return (%) -0.0682 -0.0454
Std.Dev. (%) 1.0188 2.1548
Sharpe Ratio -0.0669 -0.0211
Skewness -0.2423 0.3969
Kurtosis 5.8085 11.2876
Minimum (%) -6.0946 -10.2542
Maximum (%) 3.7857 8.9901
Normality Chi^2 147.48** 252.78**
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Table 3. Summary Statistics (1992)

Emerging Indices BUX WIG PX-50 SAX RICI TALSE
Mean Return (%) 0.0236 0.0476
Std.Dev. (%) 0.9056 1.6712
Sharpe Ratio 0.0261 0.0285
Skewness -1.3862 1.7099
Kurtosis 11.5064 9.3499
Minimum (%) -6.1299 -5.4970
Maximum (%) 3.2184 9.1406
Normality Chi^2 161.69** 76.731**

Table 4. Summary Statistics (1993)

Emerging Indices BUX WIG PX-50 SAX RICI TALSE
Mean Return (%) 0.1346 0.9542 0.8961 0.1173
Std.Dev. (%) 1.0895 3.3354 3.1245 1.1254
Sharpe Ratio 0.1235 0.2861 0.2868 0.1042
Skewness 0.6942 0.0281 3.1098 0.3618
Kurtosis 5.5155 2.0309 10.0481 4.2986
Minimum (%) -5.2093 -10.1953 -4.1110 -4.0448
Maximum (%) 5.3000 9.4060 15.3905 4.2828
Normality Chi^2 101.98** 34.241** 310.58** 40.116**

Table 5. Summary Statistics (1994)

Emerging Indices BUX WIG PX-50 SAX RICI TALSE
Mean Return (%) 0.0581 -0.1960 -0.0906 0.2614
Std.Dev. (%) 1.5155 3.8118 1.7750 3.6064
Sharpe Ratio 0.0383 -0.0514 -0.0510 0.0725
Skewness 0.3709 -0.3263 0.8553 2.6640
Kurtosis 7.0071 1.4743 5.6085 16.1922
Minimum (%) -7.1350 -11.3443 -7.5664 -12.4540
Maximum (%) 7.0288 14.7831 7.0221 27.5531
Normality Chi^2 181.19** 18.591** 87.561** 132.73**
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Table 6. Summary Statistics (1995)

Emerging Indices BUX WIG PX-50 SAX RICI TALSE
Mean Return (%) 0.0151 0.0058 -0.1034 -0.1310
Std.Dev. (%) 0.9199 2.2434 0.7547 0.9981
Sharpe Ratio 0.0164 0.0026 -0.1370 -0.1312
Skewness -1.1418 0.3049 -0.3091 -3.5141
Kurtosis 8.6073 1.6440 3.0880 28.2886
Minimum (%) -5.6995 -7.3533 -3.1260 -9.4084
Maximum (%) 3.7130 7.4611 2.4586 1.8381
Normality Chi^2 128.74** 22.20** 57.961** 183.18**

Table 7. Summary Statistics (1996)

Emerging Indices BUX WIG PX-50 SAX RICI TALSE
Mean Return (%) 0.3797 0.2431 0.0903 0.0578 0.7322 0.3126
Std.Dev. (%) 1.4666 1.4633 0.6886 1.1565 3.5145 1.5754
Sharpe Ratio 0.2589 0.1661 0.1311 0.0500 0.2083 0.1984
Skewness 0.7500 0.2396 -0.5188 -0.0503 3.8171 -0.1517
Kurtosis 4.0015 0.5878 7.3741 2.3593 31.6306 11.3028
Minimum (%) -5.1247 -4.4740 -4.2253 -4.2486 -10.1261 -8.7684
Maximum (%) 8.1212 4.6599 2.7923 4.9165 32.0365 7.5119
Normality Chi^2 57.359** 5.5402 181.65** 43.086** 165.09** 224.68**

Table 8. Summary Statistics (1997)

Emerging Indices BUX WIG PX-50 SAX RICI TALSE
Mean Return (%) 0.2529 0.0086 -0.0328 0.0074 0.2204 0.1931
Std.Dev. (%) 2.4506 1.6157 0.9907 1.2371 2.1894 3.2301
Sharpe Ratio 0.1032 0.0053 -0.0331 0.0060 0.1007 0.0598
Skewness -2.1262 -0.9412 -0.3519 1.2383 0.6673 -2.0174
Kurtosis 17.0281 7.1669 2.8244 15.0454 7.1390 13.5903
Minimum (%) -18.0331 -10.2864 -4.4366 -5.9514 -10.3165 -21.5765
Maximum (%) 11.4491 6.8323 4.3134 9.5738 11.4724 12.8667
Normality Chi^2 135.39** 119.82** 49.329** 305.23** 156.0** 101.0**
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Table 9. Summary Statistics (1998)

Emerging Indices BUX WIG PX-50 SAX RICI TALSE
Mean Return (%) -0.0190 0.1052 -0.0456 -0.4066 -0.5638 -0.4029
Std.Dev. (%) 2.0568 1.4884 0.9399 1.3981 1.5814 3.4412
Sharpe Ratio -0.0092 0.0707 -0.0485 -0.2908 -0.3565 -0.1171
Skewness -1.0799 -1.2591 0.4470 -0.6938 -1.1596 -0.0797
Kurtosis 5.5668 21.8388 1.0577 3.7583 2.8312 1.8935
Minimum (%) -9.4436 -18.0331 -2.4298 -6.8945 -6.5753 -13.1196
Maximum (%) 7.2274 11.4491 3.0119 4.3604 3.1724 9.6176
Normality Chi^2 40.41** 3389.4** 7.3127* 33.815** 18.013** 28.02**

Table 10. Correlation (entire period: 1991–1998)

Differ. BUX WIG PX-50 SAX RICI TALSE DAX NYSE GT-30
BUX 1.000
WIG 0.1457 1.000
PX-50 0.1276 0.1283 1.000
SAX 0.0773 0.0196 0.1254 1.000
RICI 0.0286 0.0663 0.0168 0.0760 1.000
TALSE 0.1879 0.1889 0.0745 0.0267 0.0991 1.000
DAX 0.2553 0.0987 -0.0010 0.0017 -0.0600 0.1426 1.000
NYSE 0.1010 0.0506 0.0057 -0.0160 -0.0420 -0.0120 0.2532 1.000
GT-30 0.0039 0.0029 0.0704 0.0374 0.0720 0.0990 -0.0470 -0.3590 1.000

Table 11. Correlation (1991)

Differ. BUX WIG PX-50 SAX RICI TALSE DAX NYSE GT-30
BUX 1.000
WIG 0.0782 1.000
PX-50 1.000
SAX 1.000
RICI 1.000
TALSE 1.000
DAX 0.0779 0.0236 1.000
NYSE 0.0391 0.0621 0.3466 1.000
GT-30 0.0433 -0.0446 -0.1551 -0.4199 1.000
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Table 12. Correlation (1992)

Differ. BUX WIG PX-50 SAX RICI TALSE DAX NYSE GT-30
BUX 1.000
WIG 0.0004 1.000
PX-50 1.000
SAX 1.000
RICI 1.000
TALSE 1.000
DAX -0.0359 0.0119 1.000
NYSE -0.0309 -0.1186 0.1916 1.000
GT-30 0.0844 -0.0667 -0.0044 -0.2194 1.000

Table 13. Correlation (1993)

Differ. BUX WIG PX-50 SAX RICI TALSE DAX NYSE GT-30
BUX 1.000
WIG -0.1089 1.000
PX-50 -0.0788 0.1068 1.000
SAX -0.0750 0.2173 0.0835 1.000
RICI 1.000
TALSE 1.000
DAX 0.0727 0.0047 -0.0447 0.0819 1.000
NYSE 0.0801 0.0361 -0.2330 -0.0968 0.1166 1.000
GT-30 -0.0361 -0.0233 0.0743 0.1089 -0.0351 -0.3621 1.000

Table 14. Correlation (1994)

Differ. BUX WIG PX-50 SAX RICI TALSE DAX NYSE GT-30
BUX 1.000
WIG 0.0414 1.000
PX-50 0.2167 0.1076 1.000
SAX 0.1720 0.0088 0.2175 1.000
RICI 1.000
TALSE 1.000
DAX 0.1000 -0.0355 -0.1126 0.0099 1.000
NYSE 0.1561 0.1037 -0.0636 0.0083 0.1709 1.000
GT-30 -0.0144 -0.0362 0.0656 0.0442 0.0083 -0.6045 1.000
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Table 15. Correlation (1995)

Differ. BUX WIG PX-50 SAX RICI TALSE DAX NYSE GT-30
BUX 1.000
WIG 0.0752 1.000
PX-50 0.1248 0.0781 1.000
SAX -0.0001 0.0449 -0.0709 1.000
RICI 1.000
TALSE 1.000
DAX 0.0691 0.0978 0.0569 0.0071 1.000
NYSE 0.0613 0.0332 0.0134 -0.0333 0.1672 1.000
GT-30 -0.0349 0.0468 0.1110 0.0188 -0.1751 -0.4997 1.000

Table 16. Correlation (1996)

Differ. BUX WIG PX-50 SAX RICI TALSE DAX NYSE GT-30
BUX 1.000
WIG 0.3526 1.000
PX-50 0.1630 0.1340 1.000
SAX 0.1113 -0.0009 0.0785 1.000
RICI 0.1009 0.1138 -0.0372 -0.0185 1.000
TALSE 0.0771 0.0751 -0.0455 -0.1435 -0.0280 1.000
DAX 0.1735 0.1752 0.0376 0.0212 -0.0536 0.0213 1.000
NYSE 0.1492 0.0134 0.0181 0.0584 0.0204 0.0111 0.1851 1.000
GT-30 -0.0126 0.1535 0.0796 -0.0433 0.0651 0.1300 -0.0071 -0.6213 1.000

Table 17. Correlation (1997)

Differ. BUX WIG PX-50 SAX RICI TALSE DAX NYSE GT-30
BUX 1.000
WIG 0.5471 1.000
PX-50 0.1269 0.1775 1.000
SAX -0.0320 -0.0637 0.0055 1.000
RICI -0.0146 0.0119 0.0399 0.1457 1.000
TALSE 0.1255 0.1399 0.0279 -0.0008 0.0924 1.000
DAX 0.4936 0.4235 0.0154 -0.0913 -0.0911 0.1574 1.000
NYSE 0.0851 0.1102 0.0904 -0.0449 -0.0887 -0.1388 0.2713 1.000
GT-30 -0.0628 -0.0263 0.0731 0.1104 0.0903 0.0717 -0.0406 -0.1830 1.000
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Table 18. Correlation (1998)

Differ. BUX WIG PX-50 SAX RICI TALSE DAX NYSE GT-30
BUX 1.000
WIG 0.3937 1.000
PX-50 0.3460 0.2855 1.000
SAX 0.1278 0.1334 0.1195 1.000
RICI 0.0079 0.1523 0.0631 0.1090 1.000
TALSE 0.3690 0.3440 0.2260 0.1288 0.3041 1.000
DAX 0.4739 0.3182 0.1925 0.1667 0.0530 0.1393 1.000
NYSE 0.2408 0.1948 0.2327 -0.0923 -0.0477 0.1338 0.4952 1.000
GT-30 0.1805 0.1582 0.1004 -0.0078 0.0629 0.1221 0.1697 0.2830 1.000

Table 19. Correlation in Levels (entire period: 1991–1998)

Levels BUX WIG PX-50 SAX RICI TALSE DAX NYSE GT-30
BUX 1.000
WIG 0.7671 1.000
PX-50 -0.0960 0.3582 1.000
SAX -0.0991 0.1722 0.6061 1.000
RICI 0.8671 0.7906 -0.2820 -0.4680 1.000
TALSE 0.8377 0.6861 -0.1970 -0.3201 0.8877 1.000
DAX 0.9642 0.7683 -0.1861 -0.2770 0.7407 0.4199 1.000
NYSE 0.9487 0.7499 -0.3211 -0.2834 0.7358 0.4765 0.9704 1.000
GT-30 -0.5840 -0.6580 0.3610 0.5994 -0.4550 -0.0281 -0.6874 -0.7412 1.000

Table 20. Unit Roots (entire period: 1991–1998)

Index DF levels DF differences ADF levels (lag) ADF differences (lag)
BUX 1.2269 -37.928** 0.92876 (1) -27.685** (1)
WIG -1.1757 -36.087** -1.1573 (2) -25.358** (1)
PX-50 -1.9666 -30.149** -2.6532 (10) -7.6471** (9)
SAX -1.4774 -31.149** -2.7868 (7) -9.7484** (4)
RICI -1.2621 -21.481** -1.6113 (9) -8.3378** (4)
TALSE -0.99551 -21.173** -1.1931 (3) -13.492** (2)
DAX -0.50945 -44.391** -0.48178 (2) -33.314** (1)
NYSE -0.77149 -27.163** -0.74835 (3) -11.152** (6)
GT-30 -0.60606 -44.630** -0.50555 (4) -27.613** (2)

* denotes significance at 5%, ** denotes significance at 1%
Critical values: 5%=-2.866, 1%=-3.443; constant included



51

CASE-CEU Working Papers Series No. 35 – Driving Factors ...

Table 21. Unit Roots (1991)

Index DF levels DF differences ADF levels (lag) ADF differences (lag)
BUX 0.082925 -14.903** -0.48254 (9) -3.8849** (8)
WIG -1.2804 -13.146** -1.4532 (10) -4.3308** (9)
PX-50
SAX
RICI
TALSE

* denotes significance at 5%, ** denotes significance at 1%
Critical values: 5%=-2.866, 1%=-3.443; constant included

Table 22. Unit Roots (1992)

Index DF levels DF differences ADF levels (lag) ADF differences (lag)
BUX -1.9630 -15.639** -2.2894 (3) -7.2163** (2)
WIG -0.81032 -15.928** -1.5434 (3) -6.5275** (2)
PX-50
SAX
RICI
TALSE

* denotes significance at 5%, ** denotes significance at 1%
Critical values: 5%=-2.866, 1%=-3.443; constant included

Table 23. Unit Roots (1993)

Index DF levels DF differences ADF levels (lag) ADF differences (lag)
BUX 0.92740 -13.073** 0.56601 (1) -3.9107** (7)
WIG -0.039180 -13.694** -0.26425 (2) -8.1937** (1)
PX-50 -1.1681 -9.5726** -1.4688 (5) -5.1331** (1)
SAX -1.4337 -9.4923** -1.4371 (3) -6.8101** (1)
RICI
TALSE

* denotes significance at 5%, ** denotes significance at 1%
Critical values: 5%=-2.866, 1%=-3.443; constant included
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Table 24. Unit Roots (1994)

Index DF levels DF differences ADF levels (lag) ADF differences (lag)
BUX -2.2545 -9.6571** -2.6845 (1) -3.8275** (8)
WIG -0.79444 -12.502** -1.0593 (5) -6.9787** (4)
PX-50 -0.11651 -13.297** -1.0308 (10) -3.5866** (9)
SAX -2.1597 -13.045** -2.8518 (7) -3.7464** (4)
RICI
TALSE

* denotes significance at 5%, ** denotes significance at 1%
Critical values: 5%=-2.866, 1%=-3.443; constant included

Table 25. Unit Roots (1995)

Index DF levels DF differences ADF levels (lag) ADF differences (lag)
BUX -0.62553 -11.311** -0.99499 (1) -3.4449* (11)
WIG -1.5283 -13.645** -1.7525 (1) -3.9424** (19)
PX-50 -5.5793** -9.2019** -4.3710** (4) -7.7927** (3)
SAX -0.72314 -15.102** -1.0037 (6) -4.9886** (5)
RICI
TALSE

* denotes significance at 5%, ** denotes significance at 1%
Critical values: 5%=-2.866, 1%=-3.443; constant included

Table 26. Unit Roots (1996)

Index DF levels DF differences ADF levels (lag) ADF differences (lag)
BUX -1.8471 -10.763** -1.4911 (1) -4.5696** (15)
WIG -3.2784* -12.185** -2.8080 (1) -9.9919** (1)
PX-50 -2.5106 -11.725** -2.1001 (1) -4.4120** (8)
SAX -2.4394 -15.887** -2.3986 (7) -5.2548** (4)
RICI -0.61408 -12.348** -0.83108 (5) -3.6842** (4)
TALSE 2.1958 -7.7764** 2.0928 (2) -9.3194** (1)

* denotes significance at 5%, ** denotes significance at 1%
Critical values: 5%=-2.866, 1%=-3.443; constant included
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Table 27. Unit Roots (1997)

Index DF levels DF differences ADF levels (lag) ADF differences (lag)
BUX -1.6611 -16.905** -1.5670 (6) -8.1002** (5)
WIG -1.8247 -13.225** -2.2168 (1) -7.1480** (5)
PX-50 -1.0454 -11.697** -1.2855 (2) -10.756** (1)
SAX -1.3820 -18.201** -1.2273 (1) -8.7125** (4)
RICI -5.5844** -11.744** -4.7534** (3) -6.4482** (2)
TALSE -1.4045 -13.394** -1.4551 (4) -8.4823** (3)

* denotes significance at 5%, ** denotes significance at 1%
Critical values: 5%=-2.866, 1%=-3.443; constant included

Table 28. Unit Roots (1998)

Index DF levels DF differences ADF levels (lag) ADF differences (lag)
BUX -1.7756 -9.5106** -1.3276 (6) -6.4624** (5)
WIG -1.6777 -8.6198** -1.8418 (1) -5.6864** (4)
PX-50 -1.2420 -7.4122** -1.8623 (1) -6.1763** (1)
SAX -0.68933 -11.162** -0.70456 (1) -3.8849** (7)
RICI -1.3884 -13.145** -1.2404 (1) -11.004** (1)
TALSE -1.7996 -13.779** -1.8002 (3) -8.7414** (2)

* denotes significance at 5%, ** denotes significance at 1%
Critical values: 5%=-2.866, 1%=-3.443; constant included

Table 29. Cointegration (entire period: 1991–1998)

BUX – base index
constant coefficient DF ADF (lag)

WIG 3.1569 0.51087 -0.036918 -0.23749 (1)
PX-50 9.6427 -0.27413 -0.53667 -0.63892 (2)
SAX 9.3051 -0.26621 -0.78721 -0.85254 (2)
DAX -9.0542 2.1473 -2.0637 -2.2304 (1)
NYSE -10.284 2.1204 -2.8714 -2.9284 (1)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant
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Table 30. Cointegration (entire period: 1991–1998)

* denotes significance at 5%

Table 31. Cointegration (entire period: 1991–1998)

PX-50 – base index
constant coefficient DF ADF (lag)

BUX 6.5576 -0.033890 -2.1344 -2.7645 (10)
WIG 3.7804 0.26796 -1.3319 -1.9098 (17)
SAX 3.3257 0.57091 -1.5066 -2.1970 (10)
DAX 7.4681 -0.14920 -2.3114 -2.8567 (10)
NYSE 8.5470 -0.26307 -2.7063 -3.1336 (10)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant

Table 32. Cointegration (entire period: 1991–1998)

SAX – base index
constant coefficient DF ADF (lag)

BUX 5.4858 -0.036797 -1.7051 -2.9386 (7)
WIG 3.9162 0.13647 -1.1285 -2.4308 (7)
PX-50 1.1467 0.64338 -1.3617 -2.6227 (5)
DAX 7.0427 -0.23389 -2.3008 -3.2525* (7)
NYSE 6.9635 -0.20611 -2.1180 -3.1518 (7)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant
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Table 33. Cointegration (entire period: 1991–1998)

RICI – base index
constant coefficient DF ADF (lag)

BUX -5.7936 1.3889 -0.45675 -0.81983 (12)
WIG -35.430 4.3184 -2.1691 -2.3132 (1)
PX-50 18.577 -1.9884 -3.3575 -3.0364 (1)
SAX 12.662 -1.2597 -1.5297 -1.1655 (5)
TALSE 0.0073264 1.1672 -1.9166 -2.5507 (3)
DAX -2.9418 1.1008 -0.29602 -0.34943 (5)
NYSE -14.905 2.3639 0.0041031 -0.17241 (15)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant

Table 34. Cointegration (entire period: 1991–1998)

TALSE – base index
constant coefficient DF ADF (lag)

BUX -4.5582 1.1402 -0.074765 -0.21379 (9)
WIG -25.054 3.1478 -1.5084 -1.7805 (2)
PX-50 13.209 -1.2643 -0.93276 -1.1520 (1)
SAX 9.8171 -0.87340 -0.13075 -0.42796 (1)
RICI 0.89984 0.70638 -1.9984 -2.6405 (3)
DAX -0.95445 0.75355 -0.23330 -0.57107 (3)
NYSE -9.7507 1.6854 -0.10103 -0.56567 (1)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant

Table 35. Cointegration (1991)

BUX – base index WIG – base index PX-50 –
base index

SAX – base
index

DF ADF (lag) DF ADF (lag) DF ADF
(lag)

DF ADF
(lag)

BUX -1.2514 -1.1253 (10)
WIG -2.0165 -1.9225 (5)
PX-50
SAX
DAX -1.9742 -2.0916 (3) -0.18670 -0.18347 (1)
NYSE -2.4123 -2.4415 (1) 0.37312 0.30718 (5)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant
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Table 36. Cointegration (1992)

BUX – base index WIG – base index PX-50 –
base index

SAX –
base index

DF ADF (lag) DF ADF (lag) DF ADF
(lag)

DF ADF
(lag)

BUX -0.19183 -0.18439 (3)
WIG -0.44348 -0.66168 (3)
PX-50
SAX
DAX -1.1483 -1.4540 (4) -0.46877 -0.46319 (4)
NYSE -1.2530 -1.2526 (1) -0.13674 -0.14799 (1)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant

Table 37. Cointegration (1993)

BUX – base index WIG – base index PX-50 – base index SAX – base index
DF ADF (lag) DF ADF (lag) DF ADF (lag) DF ADF (lag)

BUX 0.96066 0.47374 (2) -1.7910 -1.7563 (5) -0.62873 -0.69260 (1)
WIG 1.4820 1.0084 (2) -0.81105 -1.3663 (5) 0.36116 0.43164 (4)
PX-50 -3.083 -2.1873 (1) -1.0929 -0.7718 (11) 1.5667 0.44995 (5)
SAX -1.6525 -0.97113 (1) -2.1629 -2.1204 (2) 0.80120 -0.26966 (7)
DAX 0.08740 0.15612 (1) 0.03168 -0.20576 (1) -1.8935 -1.7876 (5) -0.90212 -0.89275 (3)
NYSE -0.62586 -0.83510 (9) 1.0162 0.55137 (2) -2.3386 -1.9417 (5) -0.71605 -0.79642 (1)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant

Table 38. Cointegration (1994)

BUX – base index WIG – base index PX-50 – base index SAX – base index
DF ADF (lag) DF ADF (lag) DF ADF (lag) DF ADF (lag)

BUX -1.4856 -1.4531 (5) -1.9497 -1.670 (10) -1.0800 -1.8686 (7)
WIG -1.4760 -1.4657 (5) -0.64909 -0.83469 (3) -0.90342 -1.6208 (5)
PX-50 -0.49048 -0.56540 (1) -0.41590 -0.69821 (5) -3.0910 -3.268* (4)
SAX -1.8097 -1.2957 (4) -0.62888 -0.89017 (5) -2.9041 -2.5633 (6)
DAX -3.408* -3.738* (3) -0.82801 -0.82784 (1) -1.9122 -1.6545 (10) -1.1155 -2.0266 (7)
NYSE -0.61983 -0.77559 (1) -1.1273 -1.0718 (5) -1.8496 -1.7102 (10) -1.1776 -2.0844 (7)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant
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Table 39. Cointegration (1995)

BUX – base index WIG – base index PX-50 – base index SAX – base index
DF ADF (lag) DF ADF (lag) DF ADF (lag) DF ADF (lag)

BUX -0.39183 -0.41763 (1) 0.76772 0.25290 (4) 0.39443 0.22761 (9)
WIG -0.40130 -0.42376 (1) -1.0533 -1.1164 (4) -1.1233 -1.2010 (9)
PX-50 0.15229 -0.04746 (2) -1.0364 -1.0416 (5) -0.57179 -0.67415 (1)
SAX 0.00867 -0.08471 (1) -0.55003 -0.58802 (1) -0.01703 -0.29511 (1)
DAX -0.61366 -0.58097 (4) -0.81133 -0.81999 (5) 0.80223 0.26651 (4) 0.65382 0.55088 (9)
NYSE 1.2188 0.97080 (1) -1.9528 -1.9205 (1) 0.70952 0.27149 (4) 0.38408 0.32800 (9)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant

Table 40. Cointegration (1996)

BUX – base index WIG – base index PX-50 – base index SAX – base index
DF ADF (lag) DF ADF (lag) DF ADF (lag) DF ADF (lag)

BUX -2.1913 -2.4879 (5) -3.2438 -2.5402 (1) -1.3429 -1.5040 (7)
WIG -0.77442 -0.83393 (1) -1.4538 -1.4649 (1) -1.1273 -1.4072 (7)
PX-50 -1.1281 -0.91834 (1) -0.92087 -1.1316 (1) -0.80253 -0.96870 (3)
SAX -1.0539 -0.91510 (1) -1.5444 -1.6009 (1) -1.3161 -1.3690 (1)
DAX -0.36038 -0.36969 (4) -0.41691 -0.40086 (1) -3.3576* -2.7468 (1) -1.6016 -1.6802 (7)
NYSE -2.2792 -2.1539 (1) -0.78486 -0.91687 (1) -2.9938 -2.4409 (1) -1.2240 -1.3941 (7)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant

RICI – base index TALSE – base index
DF ADF (lag) DF ADF (lag)

BUX -0.62593 -0.69989 (5) -0.68157 -0.83371 (2)
WIG -1.3329 -1.5207 (1) -0.87456 -1.1148 (1)
PX-50 -3.1036 -2.2504 (5) -1.6261 -1.3803 (2)
SAX -2.8274 -1.8185 (5) -1.2130 -1.1233 (2)
RICI -0.57606 -0.83253 (5)
TALSE -0.85760 -1.0172 (5)
DAX -2.0397 -1.4276 (5) -1.2008 -1.1244 (2)
NYSE -1.7836 -1.3734 (5) -0.93459 -0.95190 (2)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant
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Table 41. Cointegration (1997)

BUX – base index WIG – base index PX-50 – base index SAX – base index
DF ADF (lag) DF ADF (lag) DF ADF (lag) DF ADF (lag)

BUX 1.0039 1.0268 (5) -1.1741 -1.4269 (2) -1.1311 -1.0876 (3)
WIG 1.2326 1.4849 (7) -0.17938 -0.41238 (1) -1.3776 -1.2229 (1)
PX-50 0.83714 1.2162 (6) -0.37382 -0.41464 (1) -1.4816 -1.1474 (7)
SAX 0.92875 1.3958 (6) -0.43010 -0.48238 (1) -1.2060 -1.4293 (1)
DAX -1.7588 -1.7441 (1) -0.24861 -0.30246 (3) -1.2541 -1.4908 (2) -0.67232 -0.68172 (3)
NYSE -0.79510 -0.47857 (2) 0.24719 -0.2156 (10) -1.1216 -1.2622 (2) -0.79686 -0.66752 (1)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant

RICI – base index TALSE – base index
DF ADF (lag) DF ADF (lag)

BUX -1.0564 -1.0402 (1) -1.2214 -1.0755 (8)
WIG -1.1860 -1.5186 (1) -0.92186 -0.90903 (8)
PX-50 -0.17261 -0.41445 (1) -0.50349 -0.64008 (4)
SAX 0.06706 -0.41101 (3) -0.40149 -0.47172 (4)
RICI -1.0830 -1.4284 (3)
TALSE -1.1081 -1.5107 (1)
DAX -0.24806 -0.44626 (3) -0.50367 -0.52765 (4)
NYSE -0.43307 -0.54299 (1) -0.61180 -0.81749 (1)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant
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Table 42. Cointegration (1998)

BUX – base index WIG – base index PX-50 – base index SAX – base index
DF ADF (lag) DF ADF (lag) DF ADF (lag) DF ADF (lag)

BUX -0.73432 -0.85792 (6) -0.27598 -0.66468 (1) 2.2589 2.7662 (1)
WIG -0.34104 -0.50685 (6) 0.23966 0.047218 (1) 2.4623 3.0438 (1)
PX-50 0.04893 -0.05206 (6) 0.37488 0.25294 (1) 1.8941 2.3493 (1)
SAX -0.43517 -0.67632 (6) 0.62862 0.44206 (1) 0.00361 -0.21446 (1)
DAX 1.6409 1.6102 (6) 2.0746 1.7985 (7) -1.1127 -1.5142 (1) 1.3303 1.7041 (1)
NYSE -1.9113 -1.9522 (1) 0.76936 0.97363 (1) -1.2002 -1.7650 (1) 1.9141 2.3379 (1)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant

RICI – base index TALSE – base index
DF ADF (lag) DF ADF (lag)

BUX 1.1875 1.9367 (6) 1.8863 1.2331 (1)
WIG -2.1235 -2.1313 (1) -1.3331 -1.4743 (1)
PX-50 -0.18577 -0.61253 (1) 0.25405 0.060734 (2)
SAX 1.8673 -0.07599 (9) 1.4962 1.1891 (2)
RICI -1.7518 -2.5066 (3)
TALSE -0.91066 -1.5789 (3)
DAX 1.6393 1.7144 (2) 0.39894 0.053939 (3)
NYSE 1.4615 0.92971 (8) 0.52223 0.20308 (1)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant

Table 43. Multivariate Cointegration (entire period: 1993–1998)

The estimates of
the equation

Base index

BUX WIG PX-50 SAX
constant -3.5672 2.4116 -0.26233 1.4299
BUX coefficient 0.40817 -0.34568 0.014556
WIG coefficient 2.0900 0.82626 -0.066560
PX-50 coefficient -1.3048 0.60911 0.67911
SAX coefficient 0.024207 -0.021618 0.29920
DF -3.6639 -3.8389 -3.1714 -1.4627
ADF (lag) -4.2899* (1) -4.5261* (1) -3.6213 (1) -1.6905 (1)

* denotes significance at 10%
Critical values: ADF=-4.06; without constant
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Table 44. Multivariate Cointegration (1993–1998 by years)

The estimates of
the equation

Base index

BUX WIG PX-50 SAX
1993 DF -0.15308 -0.56533 -0.79002 1.4011

ADF (lag) -0.39234 (5) -0.95616 (5) -1.2472 (5) 0.36473 (5)
1994 DF -2.0288 -1.7001 -1.4948 -3.0699

ADF (lag) -2.4187 (5) -2.0595 (5) -1.8772 (1) -3.2679 (4)
1995 DF -1.7611 -2.0626 -1.3571 -0.60874

ADF (lag) -1.8899 (1) -2.1808 (1) -1.4458 (1) -0.71629 (1)
1996 DF -1.4235 -1.3407 -0.99254 -0.78450

ADF (lag) -1.6079 (1) -1.5521 (1) -1.1656 (1) -0.95796 (3)
1997 DF -0.069368 -0.86200 -1.5201 -1.4036

ADF (lag) -0.64896 (1) -1.5031 (1) -2.0537 (1) -1.2875 (1)
1998 DF -1.4388 -3.2198 -0.75675 1.8526

ADF (lag) -1.3635 (10) -3.1146 (10) -0.76069 (15) 2.2960 (1)

* denotes significance at 10%; critical values: ADF=-4.06; without constant

Table 45. Multivariate Cointegration (entire period: 1993–1998)

The estimates of
the equation

Base index

BUX WIG PX-50 SAX
constant -9,7759 -0,46874 0,0339 6,2649
DAX coefficient 1,3854 1,6597 5,7377 -0,62993
NYSE coefficient 0,78631 -1,2939 0,022088 0,45319
DF -2,4816 -3,3040 -2,7957 -1,2984
ADF (lag) -2,7080 (1) -3,5435 (1) -2,7856 (4) -1,2772 (3)

* denotes significance at 10%; critical values: ADF=-4.06; without constant

Table 45. Single Factor CAPM (entire period: 1992–1998)

The estimates
of the equation

Market

BUX WIG PX-50 SAX RICI TALSE
Intercept 0.00098422

(0.0003689)*
0.0013981
(0.0006098)*

-0.00000959
(0.00039602)

-0.00021277
(0.00056293)

0.0010696
(0.0010508)

0.00010950
(0.0012277)

World Return
Beta

0.77953
(0.036222)*

0.69328
(0.059864)**

0.57239
(0.037729)*

0.57352
(0.053693)*

0.36056
(0.094737)*

0.41389
(0.11050)*

R
2

0.215007 0.0734839 0.155179 0.0837641 0.0215713 0.0223733

* denotes significance at 1%; ** denotes significance at 5%
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Table 46. Single Factor CAPM (entire period: 1992–1998)

The estimates of
the equation

Market

BUX WIG PX-50 SAX RICI TALSE

1992 Intercept 0.00032555

( 0.00059822)

0.00057045

(0.0010740)

World
Return
Beta

0.34216

(0.064516)*

0.47976

(0.11583)*

R2 0.097621 0.0619015

1993 Intercept 0.0010029

(0.00071879)

0.0093211

(0.0021083)*

0.0081912

(0.003490)**

0.00072886

(0.0012960)

World
Return
Beta

0.63851

(0.074389)*

0.69434

(0.21820)*

0.32972

(0.32955)

0.56877

(0.12455)*

R2 0.222131 0.0377669 0.0120606 0.213115

1994 Intercept 0.00032196

(0.00090940)

-0.0023919

(0.0023997)

-0.0013350

(0.0011205)

0.0021973

(0.0022390)

World
Return
Beta

0.90058

(0.087108)*

0.74310

(0.22986)*

0.61170

(0.10733)*

0.69906

(0.21446)*

R2 0.292932 0.0389305 0.111819 0.0395542

1995 Intercept 0.000053193

(0.00064177)

-0.00012831

(0.0014095)

-0.0010298

(0.00050750)

-0.0012952

(0.00065937)

World
Return
Beta

0.66417

(0.071753)*

0.65628

(0.15759)*

0.60697

(0.056740)*

0.62291

(0.073720)*

R2 0.249305 0.0629879 0.307257 0.21675

1996 Intercept 0.0033278

(0.0008837)*

0.0019755

(0.00088097)

0.00044234

(0.00043684)

0.00011445

(0.00074467)

0.0070380

(0.0025069)*

0.0030296

(0.001274)**

World
Return
Beta

0.83534

(0.078396)*

0.61018

(0.078152)*

0.69766

(0.038752)*

0.75067

(0.066061)*

0.59494

(0.23227)**

0.55849

(0.11821)*

R2 0.303953 0.189927 0.554876 0.331836 0.032713 0.12954

1997 Intercept 0.0019389

(0.0014350)

-0.00027126

(0.00095070)

-0.00035414

(0.00065529)

0.00020558

(0.00081961)

0.0024403

(0.0013910)

0.0020899

(0.0020222)

World
Return
Beta

1.0635

(0.12599)*

0.82255

(0.083470)*

0.47951

(0.057533)*

0.31654

(0.071960)*

0.20773

(0.12213)

0.28752

(0.17755)

R2 0.215744 0.272698 0.211482 0.0695158 0.0110459 0.010024

1998 Intercept -0.0011062

(0.0016952)

-0.00016761

(0.0015675)

-0.00099785

(0.00087490)

-0.0045487

(0.0013510)*

-0.0063907

(0.0014680)*

-0.0046244

(0.0024730)

World
Return
Beta

0.87472

(0.17115)*

0.74070

(0.15826)*

0.62469

(0.088331)**

0.56681

(0.13640)*

0.36990

(0.13361)*

0.48053

(0.22508)

R2 0.171719 0.148106 0.28415 0.120536 0.0369096 0.022282

* denotes significance at 1%; ** denotes significance at 5%
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Table 47. Multiple Factor CAPM (entire period: 1992–1998)

The estimates of the
equation

Market

BUX

(92-98)

WIG

(92-98)

PX-50
(93-98)

SAX

(93-98)

RICI

(96-98)

TALSE

(96-98)

Local

Factors

1 Local
Excess
Returns

0.81233

(0.0593) *

0.76948

(0.0465) *

0.68072

(0.0645) *

0.66835

(0.1049) *

0.93569

(0.1260) *

0.49376

(0.1689) *

2 Local
Exchange

Rate

1.6349

(0.5147) *

0.84408

(0.4429)

-0.1228

(0.3437)

-0.3072

(1.3816)

7.3223

(8.8238)

4.3802

(1.3005) *

3 Local
Interest

Rate

-0.1679

(0.1433)

0.40680

(0.1856)

0.18753

(0.2764)

0.03516

(0.2409)

0.03429

(0.2988)

-0.2258

(0.2125)

4 Local
Inflation

Rate

-0.7000

(0.3919)

0.64048

(0.4077)

-0.3189

(0.8784)

2.1807

(2.3015)

2.0990

(5.3679)

-8.7061

(3.9162)

5 Local
GDP

Growth

-0.2948

(0.1263) **

-0.3305

(0.1185) *

-0.5453

(0.3609)

Global

Factors

6 World
Excess
Returns

-0.0263

(0.1441)

0.58530

(0.1502) *

0.33606

(0.1585)

-0.2355

(0.2979)

-0.4129

(0.5620)

1.4782

(0.7954)

7 US
Exchange

Rate

-0.3147

(0.4762)

0.22326

(0.6941)

0.23485

(0.6350)

-0.4176

(1.5209)

-6.0688

(5.8657)

-0.1965

(2.3344)

8 US
Interest

Rate

0.06270

(0.3058)

0.11574

(0.3357)

-0.3296

(0.3629)

-0.9271

(0.9171)

-3.7971

(5.1567)

4.5540

(5.2179)

9 US
Inflation

Rate

2.7192

(1.8601)

9.9156

(2.2753) *

2.0559

(1.4256)

0.75736

(2.3708)

8.2684

(9.1470)

4.8884

(5.6253)

10 US
GDP

Growth

-2.6345

(2.0887)

-11.534

(2.7203) *

-1.4058

(2.3309)

-1.4403

(4.4650)

-2.2147

(5.6648)

1.5808

(7.2918)

Wald
Test

11 Local
Factors

93.099
[0.0000]
***

354.99
[0.0000]
***

23.566
[0.0000]
***

11.387
[0.0000]
***

82.755
[0.0000]
***

39.147
[0.0000]
***

12 Global
Factors

0.75322
[0.5871]

7.9934
[0.0000]
***

7.2648
[0.0000]
***

0.58186
[0.7137]

0.53517
[0.7473]

3.1493
[0.0309]
***

13 R2 0.99985 0.99975 0.99981 0.99852 0.99926 0.99901

Figures in the parenthesis are heteroscedastisity consistent standard errors; those in the brackets are
t-probabilities,

* denotes significance at 1%; ** denotes significance at 2%; *** denotes significance at 5%
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Table 48. Economic Development 

Hungary 1995 1996 1997 1998* 1999**
GDP growth (%) 1.5 1.3 4.4 4.5 4.5
Inflation (annual avg. (%)) 28.4 23.8 18.3 15.5 12.1
Interest rate 32.4 24.8 20.1 17.9 15.3
Unemployment (%) 10.5 10.8 10.5 10.2 10.0
Budget balance (% GDP) -7.4 -4.8 -4.0 -4.5 -4.0
Current account (% GDP) -5.7 -3.7 -2.2 -3.3 -4.7
FDI (% GDP) 10.0 4.2 5.0 4.2 3.2
External debt (% GDP) 72.3 61.2 48.8 46.6 43.9
Official reserves ($bn) 10.0 10.4 8.4 9.0 9.5
Currency units/$ (avg.) 124.5 149.0 186.7 215.5 227.8
Exports ($bn) 14.2 19.6 22.0 24.0
Imports ($bn) 16.8 21.4 24.4 25.0

* projection, ** forecast
Source: Business Central Europe, 1998/99 ING Barings

Table 49. Economic Development 

Poland 1995 1996 1997 1998* 1999**
GDP growth (%) 7.0 6.1 6.9 5.8 5.5
Inflation (annual avg. (%)) 27.8 19.9 15.0 12.0 8.0
Interest rate 25.5 22.4 23.9 20.0 17.0
Unemployment (%) 14.9 13.2 10.5 10.1 9.9
Budget balance (% GDP) -2.6 -2.5 -1.3 -0.5 0.0
Current account (% GDP) 4.7 -1.0 -3.1 -4.9 -5.1
FDI (% GDP) 1.0 2.0 2.4 2.7 2.7
External debt (% GDP) 34.7 27.4 25.4 23.2 N/A
Official reserves ($bn) 15.0 18.0 20.5 22.0 25.0
Currency units/$ (avg.) 2.4 2.7 3.3 3.5 3.7
Exports ($bn) 24.4 27.2 31.0 37.5
Imports ($bn) 32.6 38.5 45.0 51.0

* projection, ** forecast
Source: Business Central Europe, 1998/99 ING Barings



64

CASE-CEU Working Papers Series No. 35 – M. Ratkovicová

Table 50. Economic Development 

Czech Republic 1995 1996 1997 1998* 1999**
GDP growth (%) 5.9 4.1 1.0 2.0 4.0
Inflation (annual avg. (%)) 9.1 8.8 8.5 12.1 9.0
Interest rate 10.5 12.0 17.5 15.5 14.0
Unemployment (%) 2.9 3.5 5.2 6.2 7.0
Budget balance (% GDP) 0.4 -0.5 -1.5 -1.0 -0.5
Current account (% GDP) -2.9 -8.2 -6.1 -3.6 -3.8
FDI (% GDP) 5.1 2.6 2.5 1.8 2.6
External debt (% GDP) 34.5 37.2 44.5 46.0 45.5
Official reserves ($bn) 14.0 12.4 9.8 10.0 11.5
Currency units/$ (avg.) 27.3 27.2 31.7 34.5 34.0
Exports ($bn) 21.7 22.5 27.0 31.0
Imports ($bn) 27.6 27.1 30.0 33.5

* projection, ** forecast
Source: Business Central Europe, 1998/99 ING Barings

Table 51. Economic Development 

Slovakia 1995 1996 1997 1998* 1999**
GDP growth (%) 6.8 6.9 6.5 4.0 3.5
Inflation (annual avg. (%)) 9.9 6.0 6.1 8.5 8.0
Interest rate 7.4 12.6 20.2 19.0 15.0
Unemployment (%) 13.1 12.0 12.8 12.8 12.0
Budget balance (% GDP) 0.1 -4.4 -5.3 -5.6 -4.3
Current account (% GDP) 2.6 -10.1 -7.0 -8.0 -6.2
FDI (% GDP) 0.5 0.5 0.6 1.0 2.0
External debt (% GDP) 37.9 42.4 48.3 57.5 58.0
Official reserves ($bn) 3.4 3.5 3.4 3.4 3.5
Currency units/$ (avg.) 30.0 31.3 33.7 35.3 36.6
Exports ($bn) 8.8 8.8 9.5 9.3
Imports ($bn) 11.1 10.3 11.5 10.6

* projection, ** forecast
Source: Business Central Europe, 1998/99 ING Barings



65

CASE-CEU Working Papers Series No. 35 – Driving Factors ...

Table 52. Economic Development 

Estonia 1995 1996 1997 1998* 1999**
GDP growth (%) 4.0 11.4 5.0 5.0
Inflation (annual avg. (%)) 23.0 11.0 11.0 9.0
Exports ($bn) 1.8 2.3 2.8 3.1
Imports ($bn) 2.8 3.4 4.1 4.6
Current account balance (% GDP) -9.2 -12.0 -10.5 -6.0
Budget account (% GDP) -1.5 2.2 2.5 1.0
Gross debt ($bn) 1.5 2.7 0.5 0.5
Annual FDI flow ($bn) 111 128 200 250

* projection, ** forecast
Source: Business Central Europe, 1998/99 ING Barings

Table 53. Economic Development 

Latvia 1995 1996 1997 1998* 1999**
GDP growth (%) 3.3 6.5 4.0 3.0
Inflation (annual avg. (%)) 17.6 8.4 5.3 5.0
Exports ($bn) 1.5 1.8 1.9 1.9
Imports ($bn) 2.3 2.7 2.9 2.8
Current account balance (% GDP) -4.2 -6.2 -8.6 -9.0
Budget account (% GDP) -1.4 1.4 1.0 1.0
Gross debt ($bn) 2.0 2.8 1.0 0.8
Annual FDI flow ($bn) 376 515 344 400

* projection, ** forecast
Source: Business Central Europe, 1998/99 ING Barings

Table 54. Summary Statistics (entire period: 1996–1998)

Emerging Markets Developed Markets
Large Small DAX NYSE GT-30 World

Mean Return (%) 0,0806 0,0592 0,1562 0,0859 -0,0406 0,0633
Std.Dev. (%) 1,4941 1,5456 1,2826 0,9849 0,7542 0,7050
Sharpe Ratio 0,0539 0,0383 0,1218 0,0872 -0,0538 0,0898
Skewness -1,2781 -0,1313 -0,8456 -0,7972 0,1987 -0,7479
Kurtosis 11,8857 4,0076 4,9832 7,0464 1,6196 4,9988
Minimum (%) -12,4197 -7,1815 -8,3822 -7,4549 -2,5887 -4,8031
Maximum (%) 8,0149 6,9086 6,1057 4,6008 3,6677 2,5107
Normality Chi^2 358,8** 172,23** 133,83** 253,07** 42,043** 152**
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Table 55. Correlation (entire period: 1996–1998)

Indices Emerging Markets Developed Markets
Large Small DAX NYSE GT-30 World

Large 1.0000
Small 0.14913 1.0000
DAX 0.44506 0.026897 1.0000
NYSE 0.12417 -0.089522 0.29085 1.0000
GT-30 0.083484 0.11357 -0.0094374 -0.16770 1.0000
World 0.36007 -0.038577 0.57120 0.78506 -0.10156 1.0000

Table 56. Unit Roots (entire period: 1996–1998) 

Indices DF levels DF differences ADF levels (lag) ADF differences
(lag)

Large -1.7809 -19.887** -1.8655 (1) -6.8109** (9)
Small -2.0494 -17.141** -1.9083 (9) -9.8155** (3)

* denotes significance at 5%, ** denotes significance at 1%
Critical values: 5%=-2.866, 1%=-3.443; constant included

Table 57. Correlation (entire period: 1996–1998)

Large portfolio – base index
Indices Constant Coefficient DF ADF (lag)
DAX 4.5863 0.52568 -1.6561 -2.0057 (1)
NYSE 0.95149 0.89390 -2.7334 -2.4898 (1)
World 2.9409 1.1404 -2.0235 -2.0600 (1)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant

Table 58. Correlation (entire period: 1996–1998)

Small portfolio – base index
Indices Constant Coefficient DF ADF (lag)
DAX -0.66860 0.78144 0.83009 0.028363 (5)
NYSE -7.5601 1.4963 0.44211 0.36592 (1)
World -2.8777 0.21343 0.32854 -0.82737 (9)

* denotes significance at 5%
Critical values: DF=-3.37, ADF=-3.25; without constant
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Figure 1. BUX Index
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Figure 2. WIG Index
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Figure 3. PX-50 Index
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Figure 7. Risk-Return Trade off (entire preiod: 1991–1998)
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Figure 8. Risk-Return Trade off (1991)



71

CASE-CEU Working Papers Series No. 35 – Driving Factors ...

GT-30

DAX

NYSE

BUX

WIG

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

1,8

-0,02 -0,01 0 0,01 0,02 0,03 0,04 0,05 0,06

Mean Daily Return

St
an

da
rd

 D
ev

ia
tio

n

Figure 9. Risk-Return Trade off (1992)
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Figure 10. Risk-Return Trade off (1993)
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Figure 11. Risk-Return Trade off (1994)
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Figure 12. Risk-Return Trade off (1995)
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Figure 13. Risk-Return Trade off (1996)
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Figure 14. Risk-Return Trade off (1997)
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Figure 15. Risk-Return Trade off (1998)
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TALSE Returns

-50

-40

-30

-20

-10

0

10

20

30

40

50
3.

06
.9

6

3.
08

.9
6

3.
10

.9
6

3.
12

.9
6

3.
02

.9
7

3.
04

.9
7

3.
06

.9
7

3.
08

.9
7

3.
10

.9
7

3.
12

.9
7

3.
02

.9
8

3.
04

.9
8

3.
06

.9
8

3.
08

.9
8

3.
10

.9
8

3.
12

.9
8

Figure 21. Returns
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