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Abstract. The paper concerns the convergehselected stock exchanges from the point
of view of their development. It presents the mdtilogical approach which points up taking
into account spatial and economic connections anstock markets in convergence analyses.
In this analysis the need for division of the stesikhanges according to a spatial regimes is
pointed up as well. The research includes 42 larngading floors analyzed in the period of
2004-2012. The empirical data refer to six diagisosariables acknowledged as the im-
portant determinants of the development of stocikkata.
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Introduction

The paper concerns the convergence of selecteld stachanges, with
European stock exchanges on the one hand and the &sd American on
the other, from the point of view of their develaggmm The study is a con-
tinuation of our previous investigation, the resuwf which were published
in Dynamic Econometric Model2014 (14) (Szulc et al., 2014, pp. 125-
—144). The main findings of the quoted work werdadiews: (1) Including
the linkages that result from physical and/or ecoicodistance between
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6 Elzbieta Szulc, Dagna WlekBka

stock exchanges in their convergence models iffiggstand crucial for the

analysis of this phenomenon. (2) As a result, ppassible to define the in-
fluence of the distance between exchanges on ¢ésemomic development,
the estimates of convergence parameter are mocs@rand some statisti-
cal properties of the models are better. (3) Duthéoheteroskedasticity, the
empirical panel models for the exchanges invegidats a whole were not
entirely satisfactory. It means that there areedd#htials in relationship

between objects considered and their speed of cgeree. (4) In some
empirical models which we obtained there appedregtoblem of autocor-
relation of residuals.

Motivated by the desire to improve the propertiethe empirical mod-
els, firstly we decided to establish some spaggimes and then repeat the
research with the division of stock exchanges. @pplied categorization
involved placing European stock exchanges on ae sind the American
and Asian stock markets on the other. The validftyhis choice was con-
firmed by the results of the Chow test on spatediability of the model
parameters (Arbia 2006, p. 133) presented in Sedtiof this paper.

The discussion on the convergence of stock exclsasgessociated with
one of the directions of the analysis of the relahip between capital mar-
kets, which searches out the ever-increasing cgewee of these markets
from the point of view of their specific charactits. This process, which
can be referred to as convergence of stock exchasgassociated with an
integration of the financial markets, and their wgiry interdependence,
which in turn is associated with the liberalizatioihcapital flows and tech-
nological progress. These processes are favorabfarther development of
stock markets, and thus the distinctions betweemtare becoming increas-
ingly blurred over time.

The problem of convergence of equity markets haeadl been consid-
ered in the literature on the subject, e.g. Asperghristou, Miller (2014),
Koralun-Bergnicka (2008), Fraser, Helliar, Power (1994), Calmra
Erdogan, Kuzin (2009). In particular, the papersspnting the analysis of
convergence of the stock exchanges with the progfespace are the most
interesting, e.g. Asgharian, Hess, Liu (2013), ®okh, taszkiewicz (2011),
Wojcik (2009). The literature indicates the valdinf the analysis of the
relationship between capital markets having regardheir location in the
geographic space, and also takes into accountctoalied economic dis-
tance between these markets. This paper refersdo @ methodological
approach.

The aim of the paper is to investigate whetheth@light of the current
empirical analyses, one may observe the processmergence of the main
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European as well as American and Asian stock market addition, the
importance of distance between the markets forptlogess is evaluated.
Particularly, the role of economic distance is adeied. The research is
aimed to verify the hypothesis that the relativeation of a stock market in
the geographic as well as a particular economicesp#fects its growth rate.

The achievement of the objective and verificatainthe research hy-
pothesis was enabled through: defining a taxonongasure of development
of exchanges, then building of empirical dynamicdeds of stock exchang-
es’ convergence for pooled time series and crosses@l data and for panel
data in the traditional version, which ignore splatind economic linkages
between stock exchanges and dynamic spatial m{idelading spatial pan-
el models), i.e. models with regard to the descriteationship, and finally
the comparison of statistical properties and therpretation values of mod-
el’ parameters in various versions.

1. Subject and Range of the Investigation

The subject of the investigation contains the etk European, Asian
and American stock exchanges, characterized instefntheir level of de-
velopment. The study included 42 largest tradirapr® in the period of
2004-2012. The specification of the exchanges whithassignment to the
relevant country is presented in Table 1.

The level of stock exchange development was defioe a synthetic
measure based on six diagnostic variables, i.e—Xhe capitalization of
domestic shares, X2 the capitalization of newly listed domestic shares
X3 - the total value of share trading, X4GDP per capita, X5 the top 10
most heavily capitalized domestic companies,~>Be ratio of market capi-
talization to GDP. It was recognized that, in tiglt of theory and empirical
analyses, the specified variables are importargrdebants of the develop-
ment of stock exchanges (see e.g. Demirgur-KuntLawihe, 1996; Levine
and Zelvos, 1996; tuniewska and Tangzki, 2006; Szulc et al., 2014;
Wisniewski, 2003). Taking into account the connectiohshe capital mar-
ket with the economy of the country of its locatias also an important
issue for the specification of the diagnostic valea. The range of infor-
mation provided by the World Federation of Exchandesww.world-
exchanges.org), whence we get the data, playeghdisant role as well.
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Table 1. Specification of the stock exchanges ctamsd

North.South America and Asia

Brazil BM&BOVESPA (BOV) Chile Santiago SE (SSE)
Canada TMX Group (TMX) Colombia Colombia SE (CSE)
. Mexican Exchange
Mexico (BUV) Bermuda Bermuda SE (BSX)
. Buenos Aires SE ;
Argentina (BCBA) Peru Lima SE (BVL)
Nasdaq OMX
. (NASDAQ) . .
United States Nyse Euronext (US) Singapore Singapore SE (SE)
(NYSE)
Thailand Thailand SE (THSE) Philippines Phillippine SE (PSE)
Honk Kong SE (SEHK)
Shanghai SE (SHSE) Osaca SE (OSE)
China Shenzen SE (SZSE) Japan Tokyo SE Group
Taiwan SE Corp. (TSE)
(TSEC)
India NatlorzﬁlISSEE India Indonesia Indonesia SE (ISE)
South Korea Korea Exchange (KRX) Malaysia Bursa Malaysia (BM)
Sri Lanka Colombo SE (CLSE)
Europe
Austrian Wiener Borse (AG) Cyprus Cyprus SE (CPSE)
Eqvot Cairo&Alexandria SE Greece Athens Exchange
gyp (EGX)* (ATHEX)
. BME Spanish Ex- Nyse Euronext
Spain change (BME) Netherlands (Europe) (NEE)
Turkey Istanbul SE (ISSE) Ireland Irish SE (IRSE)
) N Luxemburg SE
Israel Tel Aviv SE (TASE) Luxemburg (LXSE)
Malta Malta SE (MSE) Hungary Budapest SE (BDSE)
Germany Deutsche Borse (DB) Norway Oslo Bors (OBE)
Poland Warsaw SE (WSE) Great Britain London SE (LSE)
Switzerland SIX Swiss Exchange Sweden Nasdaq OMX Nordic
(SIX) Exchange (NOMX)

Note Stock exchanges signed by * have been includéderEuropean capital markets for the reason of
their geographical proximity to the continent ahdit economic similarity as well.

2. Methodology

The research was conducted in relation to theeagge characteristic of
the stock exchanges in the form of a taxonomic oreasf development.
This indicator is understood as a synthetic nomzedliformula expressed by

(see Hellwig, 1968):
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L g
=l 1
@, (1)
where:
g; — the synthetic variable determining the level ofelepment of the-th
exchange in relations to a development standard,
g - the average value of the synthetic variable,

Sy ~ the standard deviation of the variable.

In this approach the values of the synthetic véeiay are calculated ac-
cording to the formula:

m

4 = Z(Zii 'ZOJ)Z’ (2)
j=1
where:

z; - the value of-th diagnostic variable farth exchange standardized to

0-1,

z,. — the value of-th diagnostic variable for the standard of develept

j
standardized to 0-1.
Thus,q; means a distance betweieth exchange and the development stand-

ard.

Through the use of the taxonomic measure of seackanges’ devel-
opment it is possible to present the rankings charges and their changes
in time, the evaluation of the correlation betwstrck exchanges in terms
of development, the identification of linkages beém markets in an eco-
nomic space, and finally, the analysis of the stexg&hanges’ convergence,
which is meant as equalizing their developmentlteva this paper we fo-
cus on the examination of the concept of exchangesvergence, in the
light of which the stock market with an initial lewlevel of development
showed a faster growth rate in the considered meagwevelopment.

The analysis of the stock exchanges' convergerms=based on econo-
metric models off-convergence, in particular, the spatial modelspimoled
time series and cross-sectional data (TSCS) asasddpatial panel models.
The same classes of models were used previousbic(8t al., 2014).The
premises for the application of spatial modelsasréollows:

— The result of including the spatial linkages betwstock exchanges in
the models of their convergence is better evalnatiothe convergence
phenomenon on the grounds parameter estimated. The estimate of
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the parameter reflects more accurately the impkitteobase level of de-
velopment of a given stock exchange on the growth of the stock
exchange characteristics in question because sithage is not influ-
enced by omitting spatial relationship.
— The use of spatial models provides the opportuoitjeasure and inter-
pret the impact of connections of a given stockharge with others on
its development.
The spatial models for pooled time series and esesfional data (TSCS)
are presented by formulas 3 and 4, whereas theufasn® and 6 refer to the
spatial panel models.

The model TSCS with spatial component takes then fof the spatial
autoregressive model (SAR_pooled), i.e.:

in { ! } a+ Binlg., |+ o3 w, In[ % ]w. 3)

it-1 j# jt-1

or of the model with spatial autoregressive redsl(8E_pooled), i.e.:

| | =+ Binlg |+, 7= AT W1y * & (4)
| Git-1 | i#i
The spatial panel models used in the investigatiere as follows:
in| |2 a + Binlgy ]+ 0w In| 1 |+, (5)
| Git-1 | j#i qjt—l

I.e. the spatial autoregressive panel model withividual fixed effects (the
spatial autoregressive fixed-effect model) (SAR_IND) and

In |:qll } a +,3|n[q|t 1]+/7|t1 My = /]Z illie ¥ Eits (6)
it -1 j#
i.e. the spatial error panel model with individiiaéd effects (SE_FE_IND).

Elementsw; in the formulas (3)—-(6) come from connectivity matW
which refers to the linkages between exchangesidenesl. Various types of
weightsw; may be pointed out according to the establishidrir (see e.g.
Haining, 2005, pp. 83-84).

In this paper the linkages between stock exchangebe defined with
the use of two approaches. The first uses a malfriconnections with
weights established on the basis of the physicihdce between the centers
of the countries where the stock exchanges araeddcahe second consists
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in the consideration of the economic distance & rtiatrix of connections.
The essence of the second approach is to establdlarity of the exchang-
es on the basis of the value of the taxonomic mreasiuexchanges’ devel-
opment.

The quantification of the spatial linkages betweatmck exchanges on
the basis of the geographical distance was caaugdaccording to the fol-
lowing scheme:

1. Determining the spatial relationships using th&diges matrixS, with

elements:
1 ..
— ifizk
Sk = dik (7)
o,ifi=k ,

where: d;, — the physical distance between capitals of the wmswhere
thei-th and thek-th stock exchanges are located.

2. Row standardization of the connectivity matrix tweoi.e.:

W = (8)
ZSk
k=1
3. Construction of the block matrix of connections,:i.
W, 0 - 0
0O W, - 0
W= . 22 . 0 (9)
0 0 - W,
where: W, =W, =...=W, — matrixes of the spatial connections based on

the physical distance, the same for all the comsiigears.
In the second approach, i.e. with the use of amauoic distance be-
tween stock exchanges, the following scheme wad: use
1. Determining the linkages between stock exchangds thie use of an
economic distance, expressed by the formula:

di :\/Zm:(zii ~ 4y )2’ (10)
j=1

where: d, — the economic distance betweaeth andk-th stock exchange,
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z;,z, — the values of standardized diagnostic variablesefehi-th and

k-th stock exchange,
j=1, 2, ..., 6- the number of the diagnostic variable.
2. Construction of the matrix of linkages between ktegchanges, with

elements:
1 ...
—,ifizk
we=1d, (1)
o,ifi=k .
3. Row standardization of the connectivity matrix teeoi.e.:
W
WiE k (12)

== .
Z Wi
k=1

4. Construction of the block matrix of cross-sectionad time connec-
tions which may be described in the following form:

wh 0 - 0
O
wos| O Wz 0 (13)
: 0 . :
0 0 - Wb

whereW" #W"; #...# W% — matrixes of connections, taking into account
the economic distance between exchanges, diffesesticcessive years.

In order to evaluate the quality of the empiricaddels in the investiga-
tion the following tools were used: the Moran testverifying spatial inde-
pendence of the residuals, the Lagrange Multipésts (LMlag, LMerr) and
their robust versions (RLMlag, RLMerr) as spatiapdndence diagnostics,
the Likelihood Ratio test (LR) for testing the siipance of the spatial de-
pendence, the Breusch-Pagan heteroskedasticifytttes€how test for veri-
fying the spatial changeability @ parameters and theeed for including
fixed effects in the spatial panel models (on theld see e.g. Arbia, 2006;
Millo and Piras, 2012; Mutl and Pfaffermayr, 208Baltagi et al., 2003;
Suchecki (ed.), 2012).

All calculations were performed with R (versioi®.3) and the graphical
illustrations — with the use of MapViever and Corel
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3. Preliminary Data Analysis

Figure 1 shows locations of the investigated emgka on the world map
and bar charts of taxonomic measure of developr(iBMD) in the years
2004-2012. This presentation allows us to obsehanges in the level of
development of the individual stock exchanges andmparison of the dy-
namics of changes by their spatial location as.wels worth noting that
most of the developing economies’ stock exchanget) on the European
continent, as well as American and Asian, are ataraed by a relatively
stable level of the taxonomic measure of developrtteoughout the whole
adopted time horizon, even during a sharp slowdiovthe economic condi-
tions caused by the global financial crisis. Thigling is particularly evident
in relation to such exchanges as e.g. BCBA, BVLESSDSE, EEZ, CLSE,
ISE, PSE.

Figure 1. Bar charts of TMD for the investigatadck exchanges in the years
2004-2012

Figures 2 and 3 show the value of the taxonomiasue of develop-
ment (surface of the wheel) for each stock exchamgaded in the study for
the year 2004 and 2012, respectively. This graplicesentation is useful
for a preliminary assessment of changes in theadjlcdpital market over the
considered periodn 2004, two dominant financial centers are clearby-
ble. In the west, it is NYSE and NASDAQ, while ientral Europe, the
London Stock Exchange and NYSE Euronext Europedstaihin particular.
In turn, in 2012 a slight strengthening of the posi of the two largest US
stock exchanges: NYSE and NASDAQ may be observedigder, the most
spectacular changes can be seen in the case RQNEX Central European
stock exchange. NOMX has strengthened at the egpafisvo neighboring
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stock exchanges LSE and NEE, gaining a leadindiposh 2012 and clear-
ly outperforming their level of development. Witkegard to the second
group of the analyzed exchanges, there were ndfisgm changes in the
values of the synthetic measure of development.refbee NYSE and
NASDAQ are again placed in the dominant positiothefranking.

Figure 3. The taxonomic measure of stock exchartmslopment in 2012

4. Results of the Econometric Analysis

In order to justify the division of the considergtdck exchanges into two
groups the Chow test of spatial changeabilityd gfarameters was applied.
The results are presented in Table 2. The hypahisit parameters in
B-convergence models estimated in the investigatienconstant should be
rejected. This leads to the identification of splategimes and means that the
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convergence of the European and Asian/Americark stoarkets should be
investigated separately.

Table 2. Results of the tests for spatial invaraoftheB-convergence parameters

Spatial autoregressive Spatial error
Models Linear regression model model
Variant | Variant Il Variant | Variant Il
Values of Chow test 210.709 113.517 117.036 113.557 121.783
p-value 0.0000 0.0000 0.0000 0.0000 0.0000

The successive tables presented below containniafiton on the use-
fulness of various methodological concepts exprkessethe spatial models
presented in Section 2, in comparison with theainegression model, i.e.
the traditional model not including the spatialeets. Tables 3—6 refer to the
empirical models obtained for the European stoatharges, and tables 7—
—10 for the Asian and American stock exchanges.

In Tables 3 and 4 there are presented the resuttsecestimation and
verification of the three models for pooled timeisg and cross-sectional
data: the linear regression model (TSCS), the @lpatitoregressive model
(SAR_pooled) and the spatial error model (SE_pQolEdble 3 contains the
results obtained in the case when, for the purpdsguantification of the
connections among the investigated exchanges, dwxrii/ of the physical
distance between them was used (variant ). Talpeedents the analogical
results, but in the spatial models there was used:onnectivity matris\/"
of the economic distance between the exchangesugual).

The classical model estimated with the use ofpibeled time series and
cross-sectional data does not satisfy the fundaaheniteria of statistical
verification. The main drawback of this model igcorrelation of residu-
als, which is confirmed by the result of the Motast (see Tables 3 and 4).

In order to propose an alternative opposed tocthssical modethe
Lagrange Multiplier tests (LM) were used (see Tali#eand 4). The LM
tests for the linear model for the pooled timeeseaAnd cross-sectional data
used consider the spatial lag model (spatial agtessive) and the spatial
error model as alternatives (LMlag and LMerr, resipely). Tables 3 and 4
report the results of using the robust tests (RigViila which H: p = 0 under
the assumption that # 0 and RLMerr, where §$1A = 0 under the assump-
tion thatp # 0) as well.
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Table 3. Results of the estimation and verificat@np-convergence models for
pooled time series and cross-sectional data, adafar European stock
exchanges — variant |

Linear regression Spatial autoregressive Spatial error
model model
Parameters
a -0.2087 -0.1316 -0.0533
(0.0055) (0.0275) (0.4338)
B -0.1356 -0.0789 -0.0527
(0.0007) (0.0128) (0.0704)
o - 0.6779 -
(0.0000)
A - - 0.6964
(0.0000)
Goodness of fit
Adjusted R2 0.0711 - -
AIC —60.5170 -109.7800 -107.0800
Heteroskedasticity
Breuch-Pagan test 3.2874 2.2977 2.7537
(0.0698) (0.1296) (0.0970)
Autocorrelation of
residuals 11.9203 -1.1350 -0.6776
Moran test (0.0000) (0.1282) (0.2490)
Spatial
dependence
LR - 51.2580 48.5600
(0.0000) (0.0000)
LMlag 145.0560 - -
(0.0000)
LMerr 116.1595 - -
(0.0000)
RLMlag - 35.9081 -
(0.0000)
RLMerr - - 7.0116
(0.0081)
Speed of convergence 0.0182 0.0103 0.0068
Half-life 38,05 67.47 102.42

Note Numbers in brackets refer to the p-values.

Since the LMlag tests are more significant thanlLthkerr, and the RLMlag
tests are more significant than the RLMerr, thaiapkag models should be
preferred. Subsequently, the significance of thatigpeffects in the SAR
and SE models using the Likelihood Ratio test (WR®)s confirmed (see
Tables 3 and 4). The results show that the stzdisfiroperties of the ob-
tained empirical models are the same (the spattakarrelation of residuals
of linear regression model, significant LM statistiand significant spatial
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effects confirmed by the LR test), irrespectivendfich connectivity matrix
(of physical or of economic distance) was usedhéngpatial models.

Table 4. Results of the estimation and verificat@np-convergence models for
pooled time series and cross-sectional data, adafaor European stock
exchanges — variant Il

Linear regression Spatial autoregressive Spatial error
model model
Parameters
a -0.2087 -0.1219 -0.0638
(0.0055) (0.0336) (0.4084)
B -0.1356 -0.0747 -0.0800
(0.0007) (0.0144) (0.02534)
p - 0.7442 -
(0.0000)
A - - 0.7920
(0.0000)
Goodness of fit
Adjusted R2 0.0711 - -
AIC —60.5170 -118.4300 -117.5600
Heteroskedasticity
Breuch-Pagan test 3.2874 2.2312 2.1093
(0.0698) (0.1353) (0.1464)
Autocorrelation of
residuals 12.9587 1.4475 1.7664
Moran test (0.0000) (0.0739) (0.0387)
Spatial
dependence
LR - 59.9100 59.0380
(0.0000) (0.0000)
LMlag 156.2542 - -
(0.0000)
LMerr 137.3223 - -
(0.0000)
RLMlag - 27.8846 -
(0.0000)
RLMerr - - 8.9527
(0.0028)
Speed of convergence 0.0182 0.0097 0.0104
Half-life 38.05 71.42 66.50

Note Numbers in brackets refer to the p-values.

Similarly, irrespective of which the connectivityatrix was applied in
the spatial models, parameterandi are statistically significant. It is worth
noting that the fact of including the connectivibatrixes in the considered
models has a crucial impact on convergence parasn@e Absolute values
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of the parameters for the SAR and SE models arerldhan for the tradi-
tional model which does not take into account tbanections across the
investigated stock exchanges.

Table 5. Results of the estimation and verificatibpanel models with fixed effects
obtained for the European stock exchanges — vdriant

FE_IND SAR_FE_IND SE_FE_IND
Parameters
a -1.6250 -1.2397 -1.5821
(0.0000) (0.0000) (0.0000)
B -0.8927 -0.6785 -0.8696
(0.0000) (0.0000) (0.0000)
p - 0.3543 -
(0.0006)
A - - 0.5218
(0.0000)
Goodness of fit
Adjusted R2 0.4375 - -
AIC -117.1200 —-127.0400 -132.3600
Heteroskedasticity
Breuch-Pagan test 30.4129 27.5709 28.4229
(0.0336) (0.0689) (0.0559)
Autocorrelation of
residuals 7.0928 2.0868 -0.4411
Moran test (0.0000) (0.0185) (0.3296)
Spatial
dependence
LR - 11.9190 17.2380
(0.0006) (0.0000)
LMlag 16.7366 - -
(0.0000)
LMerr 38.3239 - -
(0.0000)
RLMlag - 0.1360 -
(0.7123)
RLMerr - - 21.7233
(0.0000)
Chow test F - 65.9038 83.4606
(0.0000) (0.0000)
Speed of convergence 0.2790 0.1418 0.2546
Half-life 248 4.89 2.72

Note Numbers in brackets refer to the p-values.

Tables 5 and 6 contain the results of the estonatind verification of
exemplary panel models used in the investigatien,the panel model with
fixed effects without the spatial component (FE_)NEhe spatial auto-
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regressive panel model with fixed effects (SAR_MD), and the spatial
error panel model with fixed effects (SE_FE_IND)stlas in the pooled
time and cross-sectional data models also in thelpata models the con-
nections among the stock exchanges in two vari@atsnections according
to physical/economic distance) were taken into astoFixed effects are
significant in the considered models. It means ihditvidual characteristics
of every exchange are valid for their convergence.

Table 6. Results of the estimation and verificatibpanel models with fixed effects
obtained for the European stock exchanges — vdtiant

FE_IND SAR_FE_IND SE_FE_IND
Parameters
o -1.6250 -1.1442 -1.6095
(0.0000) (0.0000) (0.0000)
] -0.8927 -0.6248 -0.889%4
(0.0000) (0.0000) (0.0000)
o - 0.4542 -
(0.0000)
A - - 0.6309
(0.0000)
Goodness of fit
Adjusted R2 0.4375 - -
AIC -117.1200 -132.0000 -138.2700
Heteroskedasticity
Breuch-Pagan test 30.4129 27.3471 27.4311
(0.0336) (0.0727) (0.0713)
Autocorrelation of
residuals 7.4093 3.0568 1.2405
Moran test (0.0000) (0.0011) (0.1074)
Spatial
dependence
LR - 16.8810 23.1530
(0.0000) (0.0000)
LMlag 22.4971 - -
(0.0000)
LMerr 41.8167 - -
(0.0000)
RLMlag - 0.4012 -
(0.5265)
RLMerr - - 19.7207
(0.0000)
Chow test F - 22.0179 28.7812
(0.0000) (0.0000)
Speed of convergence 0.2790 0.1225 0.2752
Half-life 248 5.66 2.52

Note Numbers in brackets refer to the p-values.
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The diagnostics of the considered models suggiestshe classical pan-
el model is the worst among them. In this caseBtfeeisch-Pagan statistic is
significant (at the level of significange= 0.05), leading to the rejection of
the model assumption of homoskedasticity. In addjton the basis of the
Moran test the hypothesis of the independenceeofrtbdel residuals should
be rejected (comp. the TSCS model).

Table 7. Results of the estimation and verificat@f f-convergence models for
pooled time series and cross-sectional data, addefior Asian and Ameri-
can stock exchanges — variant |

Linear regression Spatial autoregressive Spatial error
model model
Parameters
a -0.4678 -0.4181 -0.3749
(0.0000) (0.0000) (0.0000)
B -0.2084 -0.1845 -0.1751
(0.0000) (0.0000) (0.0000)
o - 0.3065 -
(0.0000)
A - - 0.3188
(0.0000)
Goodness of fit
Adjusted R2 0.0987 - -
AIC -31.8650 -51.2710 —49.7970
Heteroskedasticity
Breuch-Pagan test 18.7771 19.1601 18.4701
(0.0000) (0.0000) (0.0000)
Autocorrelation of
residuals 6.1474 -0.5729 -0.3759
Moran test (0.0000) (0.2834) (0.3535)
Spatial
dependence
LR - 21.4060 19.9320
(0.0000) (0.0000)
LMlag 39.7261 - -
(0.0000)
LMerr 32.3990 - -
(0.0000)
RLMlag - 12.2581 -
(0.0005)
RLMerr - - 4.9310
(0.0264)
Speed of convergence 0.0292 0.0255 0.0241
Half-life 23.73 27.19 28.81

Note Numbers in brackets refer to the p-values.
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The necessity of model re-specifications towaldsdpatial panel mod-
els was also confirmed with the Lagrange Multipliests. All the tests are
statistically significant, except for the robustsien (RLMlag), which sug-
gests that the spatial error panel model shoulgrbterred.Moreover, the
significance of the spatial effects with the aidtloé LR test has been con-
firmed (see Tables 5 and 6).

Table 8. Results of the estimation and verificatanp-convergence models for
pooled time series and cross-sectional data, adddior Asian and Ameri-
can stock exchanges — variant Il

Linear regression Spatial autoregressive Spatial error
model model
Parameters
a -0.4678 -0.3915 -0.3812
(0.0000) (0.0000) (0.0002)
B -0.2084 -0.1751 -0.2014
(0.0000) (0.0000) (0.0000)
p - 0.6866 -
(0.0000)
A - - 0.7268
(0.0000)
Goodness of fit
Adjusted R2 0.0987 - -
AIC -31.8650 —73.7960 —76.4300
Heteroskedasticity
Breuch-Pagan test 18.7771 18.4305 17.8364
(0.0000) (0.0000) (0.0000)
Autocorrelation of
residuals 11.8902 1.7776 1.8976
Moran test (0.0000) (0.0377) (0.0289)
Spatial
dependence - 43,9310 46.5650
LR (0.0000) (0.0000)
120.0009 - -
LMlag (0.0000)
117.0748 - -
LMerr (0.0000)
- 3.2764 -
RLMlag (0.0703)
- - 0.3503
RLMerr (0.5540)
Speed of convergence 0.0292 0.0241 0.0281
Half-life 23.73 28.81 24.66

Note Numbers in brackets refer to the p-values.
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For the purpose of investigating the reasonablenésscluding the fixed
effects in the spatial models there was appliedhew test which considers
the spatial model for pooled TSCS data vs. theiappanel model with
fixed effects. The results of the Chow test hagefed out the statistical
significance of the fixed effects in the spatialaagressive panel model, as
well as in the panel spatial error model (see Tabland 6).

Table 9. Results of the estimation and verificattbpanel models with fixed effects
obtained for Asian and American stock exchangeariamt |

FE_IND SAR_FE_IND SE_FE_IND
Parameters
a -1.5180 -1.4074 -1.4489
(0.0000) (0.0000) (0.0000)
B -0.9213 -0.8537 -0.8805
(0.0000) (0.0000) (0.0000)
p - 0.2192 -
(0.0000)
A - - 0.2941
(0.0000)
Goodness of fit
Adjusted R2 0.4167 - -
AIC -94.2000 -107.3700 -107.9300
Heteroskedasticity
Breuch-Pagan test 43.7765 47.0493 46.0142
(0.0081) (0.0033) (0.0044)
Autocorrelation of
residuals 5.4701 0.7071 -0.0850
Moran test (0.0000) (0.2397) (0.4661)
Spatial
dependence
LR - 15.1720 15.7270
(0.0000) (0.0000)
LMlag 23.3580 - -
(0.0000)
LMerr 24.4627 - -
(0.0000)
RLMlag - 3.2420 -
(0.0718)
RLMerr - - 4.3467
(0.0371)
Chow test F - 123.4199 129.7126
(0.0000) (0.0000)
Speed of convergence 0.3178 0.2403 0.2656
Half-life 2.18 2.88 2.61

Note Numbers in brackets refer to the p-values.
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Taking into account the geographical connectiomsiént 1) among the
European stock exchanges investigated, in the pzomelergence models
there has been removed the problem of autocowalati the residuals
(in the spatial autoregressive panel model at #weell of significance
y = 0.01). However, in the case of using the matfixeconomic distance
(variant II) the residual autocorrelation has bediminated only from the
spatial error panel model.

Table 10. Results of the estimation and verifiaatid panel models with fixed ef-
fects obtained for Asian and American stock excleangvariant Il

FE_IND SAR_FE_IND SE_FE_IND
Parameters
a -1.5180 -1.3046 -1.3980
(0.0000) (0.0000) (0.0000)
B -0.9213 -0.7933 -0.8588
(0.0000) (0.0000) (0.0000)
o - 0.5110 -
(0.0000)
A - - 0.6899
(0.0000)
Goodness of fit
Adjusted R2 0.4167 - -
AIC -94.2000 —-121.4400 -127.2300
Heteroskedasticity
Breuch-Pagan test 43.7765 47.7040 44.2658
(0.0081) (0.0027) (0.0071)
Autocorrelation of
residuals 9.8500 3.3626 1.4042
Moran test (0.0000) (0.0004) (0.0801)
Spatial
dependence
LR - 29.2450 35.0310
(0.0000) (0.0000)
LMlag 50.3592 - -
(0.0000)
LMerr 76.4993 - -
(0.0000)
RLMlag - 3.6813 -
(0.0550)
RLMerr - - 29.8214
(0.0000)
Chow test F - 41.4627 45.2704
(0.0000) (0.0000)
Speed of convergence 0.3178 0.1971 0.2447
Half-life 2.18 3.52 2.83

Note Numbers in brackets refer to the p-values.
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Generally, we may say that the statistical progerdf the convergence
models of the European stock exchanges are baterdf the models ob-
tained in our first study mentioned earlier, in elhexchanges from different
parts of the world were taken into account.

The other tables show the results of the estimatial verification of the
convergence models obtained for Asian and Amerisi@tck exchanges.
Table 7 shows the characteristics of the modelgioéd for the pooled time
series and cross-sectional data in the classichbpatial version (the spatial
autoregressive model and the spatial error modetpectively. The spatial
components in the spatial models are included tirdbhe matrix quantify-
ing the physical distance between the stock exawrithe characteristics of
the spatial models using the matrix of the econafistance in comparison
with the characteristics of the model without thatgl connections are pre-
sented in Table 8.

In both variants of quantification of relationshipetween the stock ex-
changes spatial models are better than the moddshvdo not take into
account the connections, in terms of the autocatiosl of residuals. Unfor-
tunately, all the models obtained are characteripetheteroskedasticity of
variance. The panel models obtained for Asian amtercan stock ex-
changes have the analogical fault (see Tables 9@nd

Conclusions

The analysis confirms the earlier findings that thclusion of the link-
ages which result from physical and/or economitadise between the stock
exchanges in the models of their convergence igigts In other words, the
results of the investigation provide another evadeffor the existence of
spatial effects in the empirical models of stockhleanges' convergence.

The earlier study (Szulc et al., 2014) found thatgeographical distance
has less impact on the process of equalizing eiffigation of stock markets
then the economic distance between them. In thidysthe finding was not
revealed as clearly. The empirical models of cogerece obtained for the
European stock exchanges satisfy the basic crivéssatistical verification.
Unfortunately, this is not the case of the modditaimed for the Asian and
American stock exchanges.

The analyses of the process of convergence dt stazhanges should be
further continued in terms of methodology as wallfar the purpose of
searching of properly established spatial regimes.
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Przestrzenno-czasowa analiza konwergencji poziomu rozwoju
wybranych gietd papieréw wartosciowych w okresie 2004—2012

Zarys treci. Artykut dotyczy analizy konwergencji wybrartygietd papieréw warto-
sciowych z punktu widzenia poziomu ich rozwoju. Rizwia poddgie, ktére wskazuje na
potrzele uwzgkdniania przestrzennych i ekonomicznych pgah miedzy rynkami gietdo-
wymi w analizach ich konwergencji. Przeprowadzoreldnie pokazuje tak, ze analiza
konwergencji gietd w ustalonym zakresie przestrgemnvymaga podziatu rozvianych
gield zgodnie z ustalonymi zienami przestrzennymi Badanie obejmuje 42 wybrankigty,
analizowane w okresie 2004—2012. Dane empiryczmosml sic do 6 zmiennych diagno-
stycznych, uznanych jako w@e determinanty rozwoju rynkéw gietdowych.

Stowa kluczow e: gielda papieréw wactowych, konwergencja, zémy przestrzenne,
odlegtai¢ fizyczna, odlegté¢ ekonomiczna, macierasiedztwa, przestrzenne modele pane-
lowe.
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