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Abstract

The aim of this paper is to outline results of investigations into the degree of the Polish and Slovak equity
market integration with the euro area equity market. In investigations was used monthly data from the
1999:01-2011:12 period concerning the vyield performance of the following indices: WIG, DJ
EUROSTOXX, DOW JONES COMPOSITE AVERAGE and SAX. The model of the “increased impact of
the common information component on equity market yields” estimated by means of GARCH (1,1) was
used as a measure of the equity market integration. In the period from 1999 to 2009, the Polish equity
market was more integrated with the global market than with the euro area equity market. On the other
hand, the Slovak equity market was more integrated with the global market in the 1999-2004 period
whereas in the years 2005-2011 its higher integration degree with the euro area equity market was noted

accompanied by a low integration degree with the global market.
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Introduction

International integration of equity markets means their globalization. The larger
the role of the global shocks — not local shocks - common for many markets in shaping

yields from stock exchange indices is, the more globally integrated equity markets are.

A special case is the monetary union where in capital flows there are no barriers related
to the existence of multiple currencies. In the euro area a relatively high integration
degree of financial markets including the equity market has been achieved. Here also, a
higher degree of integration means the increased proportion of shocks common for the

euro area countries rather than local shocks in shaping the yield.

The aim of this paper is to outline the results of comparative research into the degree of

the Polish and Slovak equity market integration with the euro area equity market.

1. The concept and measures of the international equity market integration

Equity market integration can be defined in the narrow way according to the law of one
price. Application of the law of one price means that the assets generating identical
monetary flows have the same price (rate of return, yield). In the case of shares in two
countries (regions) the price of the capital raised on financial market by issuing shares
should be the same (see: Adam et. al., p. 4). In accordance with the broader definition of
the financial market integration put forward by L. Baele, A. Ferrando, O. Hoérdal, E.
Krylova and C. Monnet (see: Baele et. al. 2004, pp. 6-7), equity markets are considered
fully-integrated if all the possible economic agents involved in transactions at the same

price:

e are governed by the same rules when they decide to participate in share trading,
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e have equal access to shares,

e are treated equally when they operate on the market.

Such a broad approach to the financial market integration implies also functioning of
the law of one price. The law of one price causes that assets are characterized by
identical risks and yields. The quoted definition comprises the law of one price. If the
law of one price is not met then there is room for arbitration which restores validity of
the law (on condition there are no barriers for the financial market integration) (see:

Baele et.al. 2004, p. 7; Kowalak. 2006, pp. 34-38).

The following measures of the equity market integration degree can be distinguished:

e yield and price- based measures,

e news-based measures.

Price- and yield-based measures include measures of spreads between prices and
yields on assets across different national financial markets. The theoretical basis for the
construction of such indices is the law of one price. The indices let us test the degree to
which the law is implemented on the international scale. If assets have the same or
similar characteristics then we can directly compare prices or yields. Otherwise, the
measures of this type must also reflect the influence of factors specifically related to the
markets in particular countries, differences in the systematic risk levels and the degree
of liquidity.

News-based measures analyze the impact of information concerning predicted
shocks on financial markets and the investment risk related to them. In the fully
integrated markets investment portfolios should be well-diversified. The information

coming from local markets should not have a significant effect on prices of assets
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contrary to global news concerning the entire integrated market, which has a significant
effect on price changes. The degree of systematic risk is the same in different countries
whose markets have been integrated. Thus, the measures from this group indicate to
what extent the information specific for the local financial market is essential for the
remaining markets in comparison to the effect of the information of global nature (see:
Baele et.al, 2004, p. 20; Kowalak 2006, p. 38 and onwards). In the case of the equity
market, a model of the “increased impact of the common news component on equity
market yields” is such a measure. The “common news component” is the news
concerning changes in yields from the US equity market indices (global news). In the
euro area the common news component is the news concerning changes in yields from
the broad stock exchange index DJ EUROSTOXX corrected by the influence of the
global “news” impact, i.e. from the US equity market. The higher the degree of
particular countries’ equity market integration with the global market is, the lower the
impact of local (domestic) turbulences on shaping the yields on assets in particular
countries but the higher the impact of global factors (information, signals) coming from

the United States.

In the case of the euro area countries, the larger the impact of common factors (the
common “news” component) for the euro area than the local (specific for the particular
countries of the euro area) ones on shaping the yields in the domestic equity markets is,
the higher the integration degree for these countries is. Similarly, if the examined
countries are from outside the euro area, then the larger the impact of the common
component for the euro area on shaping the equity market yields in these countries is,
the higher the integration degree between their markets and the euro area market is. On
the other hand, the impact of the “news” from the US market will define the integration

degree between a given market and the global market (see: Bukowski. 2011, pp. 46-47).



The model of the “increased impact of the common news component on equity
market yields” assumes the following form (see: Baele et.al. 2004, pp. 20-21; Baltzer et.

al. 2008, pp. 8-10):

Rii = Hi, +&,

where: R;,- is the rate of return on assets (yield from the stock exchange index) for a
country i at time t, expected yield element x4, = +7Ri;, &,- unexpected yield
element.

The unexpected element (;,) can be further decomposed into a purely local shock e;

at the stock exchange of a given country i at time t, the stock exchange response in a
given country i over time t to the information from the euro area stock exchanges

(e, ) and global stock exchanges () (from the US stock exchanges):

eu us
Eir =€+ Bitleut T BtEust

where: g% and A% indicate dependent on a country i at time t sensitivity to

information concerning yields in the euro area and the United States (global),
respectively. The magnitude of both coefficients is a measure of intensity with which
the shocks originating in the euro area and the United States (global shocks),
respectively, spread to the markets of a country i.

To compare the relationship between shocks in the euro area and in the United States
and the yields in particular countries we calculate the proportion of yield variances in
the market of a given country explained by the shocks in the euro area and the United

States.



Assuming that local shocks in a country i are of idiosyncratic nature (they are not
correlated with shocks in other countries or indices in the euro area and the United

States, adopted as a benchmark), we can calculate the variance for a country i .

O- —h|t+(18| ) eut+(lBl ) USI’

where h;, is the conditional variance of the local shock element, o2, is the conditional

variance for the euro area market, o/, - is the conditional variance for the US market.

On the basis of the following ratios are computed which give, respectively the
proportion of variance for country i equity returns explained by euro area wide and

global factors:

Euro area variance ratio

VRIQE - (ﬂ ) EUt _piz,eu,t

i,t
Global variance ratio

VR| = (ﬂl U) =5 piz,us,t

it

The conditional variances for the euro area, the United States and the local equity
market are obtained from the standard GARCH(1,1) model.

The higher the value of the yield variance proportion (the higher the ratio of the
euro area or the US shock to the local shock impact) is, the higher the equity market

integration degree is.



2. Statistical data and the research method

Our examinations covered the monthly data from the 1999:01-2009:12 period
concerning Yyields from WIG, SAX, DJ EUROSTOXX and DOW JONES
COMPOSITE AVERAGE indices. We divided the whole period into two sub-periods
of 1999:01 — 2004:12 and 2005:01-2011:12, in order to include also the effect of the
EU membership. Changes in yields from the DOW JONES COMPOSITE INDEX were
treated as the global news (signal, shock) like in the case of investigations and statistics
of the European Central Bank concerning equity market integration (see: Financial
Integration in Europe, April, Statistical Annex. ECB 2011). The data sources were the
ECB data bases (Statistical Data Warehouse), Warsaw Stock Exchange data and
Bratislava Stock Exchange data.

To measure the stock exchange integration degree we applied the measures
based on the model of the “increased impact of the common news component on equity
market yields”, i.e. the above mentioned measures of global shock spillover and yield
variance proportion. The model was estimated in three stages by means of the
GARCH(1,1) process:.*

Firstly, the equation for the US market yields was estimated:
Rust = Hust +€us s
where 5 = s ¢ + 7usRus t-1-
Secondly, the conditional variance for the US market was estimated:
E(gls.) = 0Us.

where E(.) is the expected value operator.

! On the subject of the GARCH (1,1) model application for examining the relationships between the
shape of yields from stock market indices, see more in: (Brzeszczynski, Kelm, 2002, p. 95-119; Jajuga,
2008; Mills, Markellos, 2008, p. 182, 323 and onwards).

7



The subsequent stage consisted in an estimation of the euro area market yield equation:
Reu.t = Heu + €Ut
where gy ¢ = ey +7euReu i1
and &gy, = BES€ust +€u e » and the conditional variance E(ed, ) =0oZy, -

In the last stage the yields for the Polish and Slovak equity markets were estimated.

1) Equation for the Polish equity market:
ReLt = MpLi +EpLt s
where i =ap i + 7pLRpL i1
and ep = ﬂllDJLSgUS,t + ﬂFI’EIEJeEU,t +€py 4
and the conditional variance E(e3 ) =05, ;.

Then the variance ratio were computed:

(Boow)’ gy
: . EU |t t 2
Euro area variance ratio: VR, =———5——"=pp ryy »
OpLt
S 2 2
. . O,
Global variance ratio: VR’ , = (ﬂFL’J“Z—US‘ = PiLusi
PL,t

2) Equation for the Slovak market:

Rkt = MpLi +Eskt
where &g = ﬁéJKSgUS,t + P €ey 1+ 8sk .t Mek,t = Uskp + sk Rek o1 s
and the conditional variance E(e% ) =0

Next, the variance ratio were computed:

(ﬁEU 20_2
Euro area variance ratio: VR, =——2—2L=pZ L0,

Okt

Global variance ratio:

S \2 2
_ (ﬁéJK,t) Ous,t 2
=T 37 T Pskust

us
VRs¢ «
Ok t



3. Research results

There are significant differences between the Polish and the Slovak equity market.
The Stock Exchange in Bratislava is a small local stock Exchange. The Warsaw Stock
Exchange is also local but as far as the number of listed companies and stock exchange
capitalization are concerned it is much bigger and in fact the biggest stock exchange in
Central Europe (see the ratio of stock exchange capitalization to GDP in Poland,

Slovakia and the average for the euro area — Table 1).

Table 1 Stock Exchange capitalization to GDP* ratio in Poland and euro area countries

Country/year 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Austria 1580 [16.36 |14.24 |13.63 [17.12 |24.28 |34.78 |49.46 |56.05 |63.53 |73.01
Belgium 85.23 |79.72 [7595 |58.69 |48.86 [62.47 |[76.32 |87.73 |87.96 [88.18 |88.39
Cyprus 48.76 |61.27 |5491 [53.32 |37.04 |30.87 [33.95 |b.d. 106.88 |bd. b.d.
Finland 192.25 |(265.90 |195.62 |122.50 [94.45 |94.35 |101.43 |113.89 |129.61 |148.77 |[172.51
France 84.66 |110.74 |(98.86 |74.01 |64.91 [71.24 |7829 |94.03 [102.16 |112.32 |124.38
Germany 58.99 |71.63 [62.58 |44.08 |36.48 [41.81 [43.73 |49.83 |57.09 [64.98 |74.69
Greece 91.77 |11048 |(66.36 |45.92 |39.78 [44.26 |48.01 |57.81 [66.10 |75.48 |85.99
Ireland 70.30 |78.58 [7599 |55.89 |46.65 |54.69 |[57.46 |63.62 |60.84 [58.23 |55.79
Italy 5412 |68.60 [58.64 |41.63 |36.57 [40.94 [45.27 |49.79 |50.19 [50.59 |51.01
Luxembourg 168.84 (173.74 |144.68 |107.68 [107.98 |131.32 |139.94 [159.09 |256.49 |426.08 |[738.79
Malta 36.95 |51.18 (4493 |32.73 |32.32 4205 |[59.07 |68.20 |b.d b.d b.d.
Netherlands 158.10 [174.65 |138.64 |98.87 |83.22 (8512 |90.73 |104.65 [115.80 |(129.86 |145.32
Portugal 5334 |56.85 [46.75 3522 |3253 [36.15 [37.40 4435 |53.99 (6527 |79.99
Spain 67.65 |80.99 [80.63 |68.42 |67.81 (8043 (8516 (9411 |109.82 |128.52 |151.49
Slovakia 4.93 5.62 6.63 7.09 7.14 8.60 9.37 9.02 8.42 7.79 7.14
Slovenia 10.64 |12.12 |1350 |16.46 [20.64 2545 2530 [30.44 |48.66 |78.94 [129.05
Euro area - average 7515 [88.65 [73.68 |54.76 |48.34 |54.63 |60.39 |67.25 |81.88 [93.66 |123.60
Poland 1491 |17.87 |1520 [13.89 |15.30 [21.47 |27.32 [35.86 |42.60 |51.10 |61.49

*the coefficient calculated according to the formula: {0.5[STOCK/P_e; + STOCK.,/P_e.;]}/PKB{/P_a;, P_e;—end-
of-year inflation rate (CPI) , STOCK —stock exchange capitalization on the market of shares, P_e.; beginning-of-year
inflation rate (CPI) , P_a; — average annual inflation rate (CPI), GDP; — GDP over year t, t — year.

Source: author’s own compilation on the basis of: T. Beck, E. Al-Hussainy, Financial Structure Dataset, Revised
March 2010, World Bank, Washington D.C. 2010.

In the examined period, the yields from WIG index, purified of cyclical fluctuations
by means of the Hodrick-Prescott filter (A= 14400) approximated the yields from the DJ
COMPOSITE AVERAGE and DJ EUROSTOXX indices. In the periods 1999-2004 and
2009- 2011, the SAX index yields were reverse in comparison the yields from DJ
COMPOSITE AVERAGE, DJ EUROSTOXX and WIG indices. Especially, in the
1999-2004 period the negative correlation is evident for yields from the SAX and DJ

EUROSTOXX indices (see: Figure 1). This is also confirmed by the estimation of the
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. coefficient for the 1999-2004 period , which assumes a negative value (See: Fig.
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Fig. 1 Yields from major stock exchange indices WIG, SAX, DJ EUROSTOXX and DJ COMPOSITE
AVERAGE following removal of cyclical fluctuations by means of the Hodrick — Prescott filter at A =

14400 (on the y-axis — decimal fractions)

Source: author’s own compilation with the use of the GRETL program

In the years 1999-2011 the Polish equity market was more sensitive to the effect of
shocks from the US market than the shocks from the euro area. What is more, this

sensitivity increased in the years 2004-2011 in comparison with the 1999-2004 period.

It is worth noting that in the years 2006-2009 spillover intensity of the shocks from the
United States in the Polish equity market increased in comparison to the 1999-2004
period whereas spillover intensity of the shocks from the euro area decreased (see: Fig.

2).
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Fig. 2 Intensity of global shock spillover (from the United States) and from the euro area in the Polish
us

equity market in the periods 1999-2004 and 2005-2011 measured by [p) '+, St,t coefficients

(Source author’s own compilation on the basis of the estimation of the model of the “increased impact of the common
news component on the equity market yields” with the use of the GRETL program)

In the case of the Slovak equity market the situation was different. In the 1999-
2004 period the SAX index yields were affected by the shocks from the US equity
market, whereas the correlation between the shocks from the euro area and the SAX
index yield was negative. Between 2005 and 2009 the spillover intensity of shocks from
the United States lowered whereas intensity with which shocks from the euro area

spread in the Slovak market was higher (see: Fig. 3).

0,5
0,4
0,3 -
W US shock spillover
0,2 - —— intensity
0,1 - — Euro area shock spillover
intensity
o .
1999-2004 2005-2011

-0,1
-0,2

Fig. 3 Intensity of global shock spillover (from the United States) and from the euro area in the Slovak

equity market in the periods of 1999-2004 and 2005-2011 measured by Ssg ¢, Bex ¢ coefficients

(Source author’s own compilation on the basis of the estimation of the model of the “increased impact of the common
news component on the equity market yields” with the use of the GRETL program)
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Analysis of the proportion of variances for the Polish and the Slovak equity market
indicates significant differences. In the case of the Polish equity market over the whole
examined period of 1999-2011, the changes in yields were accounted for by shocks from the US
market rather than the effect of shocks from the euro area. Besides, in the years 2005-2011 as
compared with the 1999-2004 period, the proportion of yield variances on the WIG index
accounted for by the shocks from the US market increased dramatically; at the same time the
effect of shocks from the euro area accounted for a smaller proportion of yields from the WIG

index (see: Fig. 4)

0,6

0,5

0,4

0,3 - m US shocks

Euro area shocks

0,2 -

0,1 -

O n T
1999-2004 2005-2011

Fig. 4 Polish equity market — proportion of variance explained by shocks from the euro area (VRELLft) and

the United States (global) (VRp. ;) in the periods of 1999-2004 and 2005-2011
(Source: author’s own compilation on the basis of the estimation of the model of the “increased impact of

the common news component on the equity market yields” with the use of the GRETL program)

In the case of the Slovak equity market, in the 1999-2004 period, the changes in
yields from the SAX index were explained mainly by the shocks from the US market. In
the years 2005- 2011 the situation changed radically and the shocks from the euro area
were the major factor accounting for the changes in yields from the SAX index while
the role of shocks from the United States was significantly diminished in comparison to

the 1999-2004 period (see: Fig. 5).
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Fig. 5 Slovak equity market — proportion of variance explained by shocks from the euro area (VRSEKL{ t)

and the United States (global) (VRgKS’t) in the periods of 1999-2004 and 2005-2011
(Source: the author’s own: compilation on the basis of the estimation of the model of the “increased

impact of the common news component on the equity market yields” with the use of the GRETL program)
It is worth mentioning that in the case of the Polish equity market, local shocks were of
lesser importance. However, in the case of the Slovak market local shocks played a very
important role. As can be concluded from the contents of Fig. 5, in the years 2005-2011,
shocks from the euro area and the United States accounted only for ca. 17% of the

changes in the SAX index yield (in Poland for ca. 60%).

In the case of the Slovak market the spillover intensity of shocks from the United States
and the euro area is also lower in comparison to the Polish equity market (see: Fig. 2

and 3).

Joining the euro area by Slovakia and consequently disappearance of the
exchange rate risk may have been one of crucial factors of the increased degree of
integration of the Slovak market with the euro area market. However, the degree of
integration of the Slovak equity market with the equity market in the euro area is

relatively low.
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Conclusions

An analysis carried out in our paper allows us to formulate the following conclusions:

- in the years 1999-2011, the Polish equity market was more integrated with the global
market than the market in the euro area,

- in the years 1999-2004, the Slovak equity market was more integrated with the global
market whereas in the years 2005-2011 its integration was higher with market of the
euro area than the global market,

- in the 2005-2011 period, the degree of integration between the Polish equity market
and the equity market in the euro area decreased in comparison to the 1999-2004 period;
however, in the same period the degree of integration between the Polish and the global
equity markets increased significantly,

- in the examined period the proportion of local shocks in shaping yields on assets was
higher in Slovakia than in Poland,

- the increase in the degree of integration between the Slovak equity market and the
euro area equity market was largely affected by Slovakia’s joining the euro area

commencing 1st January 2009.
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