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Abstract 

The composition of pension portfolio in emerging countries has several questions about the 
validity of portfolio building rules – which were standardized only on developed countries. 
Liquidity and distributional map of government bond markets are different in developed and 
emerging countries, which underline the importance of redefine the two possible – 
government bond and stock oriented patches – strategies in Central Eastern Europe. This 
paper compares yields of both simulated portfolios on an entire market cycle (between 2002 
and 2009) to study fluctuations, cross correlations and the impact of extreme market events 
on each cases.  
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1. Introduction 

The quality of a pension system can be described by the following measures: (1) 

ability to meet its formal obligations; (2) maintenance of the purchasing power of pension 

payments; (3) maintenance of an established ratio of pensions to wages; and (4) adequacy of a 

target value of the replacement coefficient or index [11]. In the case of funded pillars (second, 

third or fourth) this quality depends on contributions in the past, income accruing from the 

investment in the future, and managerial costs and fees during the accumulation period – 

besides demographic and labour market conditions [21]. Diversification of pension systems is 

driven by the World Bank “New Pension Orthodoxy” recommendation2 with the introduction 

                                                 
1 The author express his gratitude to Beata Farkas and György Kovács at the Institute of Finance and 
International Economic Relations. Useful interactions with to Hajnalka Kovács and László Dudás are  
acknowledged. 
2 Summarized in the “Averting the Old Age Crisis” report. 
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of multi pillar system – which allows the joint risk management of human life cycle financing 

by public and private financial actors.  

Pension funds in the second and third pillars can allocate their money on the capital 

market. Not only to invest on the standardized bond and stock markets, but to use focused 

selection of venture capital. However innovative SME-s have low share on venture capital 

market of Visegrad countries, which operates merely as traditional FDI. This is in connection 

with the neofordist or knowledge user profile of the subnational regions of these countries. 

Therefore institutional capacities are engrossed by the allocation of bond and stock portfolio, 

and the mentioned "exotic" investments are uninterested. [18, 1]     

The ambition of this study is analyze the influence of extraordinary events on pension 

investments – occurred by the structure of capital markets as a complex scale invariant 

network of bounded rational agents. Comparison of emerging and developed market focuses 

mainly on the vertical differences between the same types of markets. But the effects of well 

known asymmetries and non-linearities on emerging markets the horizontal connections of 

bond, stock and currency markets has not been studied extensively so far in the literature. 

Asymmetry in other words means that negative shocks hit much harder these markets than 

positive news – so their collapse is much more sudden, while the recovery is slower. To 

handle emerging countries as homogenous groups by foreign investors is the main reason of 

contagion effects - so if anything weird happens in these countries, funds are being extracted 

from other markets too. [9] 

This paper structured as follows to study the properties of contagion: after the 

overview of the theoretical literature, the existences of fat tailness on the sample markets are 

presented by tail distribution tests. The systemic cause of these extreme events is explained in 

the third part of this work – dealing with a static and semi-dynamic modeling of return-

correlation-time triangle.    

2. Overview of the theoretical literature  

The global capital market was analyzed as a network of national economies, which are 

networks of markets themselves. The markets are networks of market actors such as 

investment banks, state treasuries, national banks, etc. The global network operates under the 

following rules: quasi free movement of production factors (labor, capital, goods, and 

intellectual properties), technical progress, international markets, deregulation, liberalization, 

lack of coordination of economic policies, and liberalized capital accounts. [23] 
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To deal with singularity and historicity of market distortions, this study models 

economic networks as graphs, where nodes are individuals or organizations and the edges are 

the social interactions between them [2]. It is necessary to examine the human factor in case 

of nodes on the market to understand the occurrence of bubbles3 and decoupling effects4 in a 

non-linear world. The conditions of the bounded rationality model, in which decisions are 

made under uncertainty resulting in current prices and expected future prices co-evolving over 

time with mutual feedback, are closer to reality by giving a deeper description of the 

mispricing problems than the rational homo oeconomicus model. During operations, market 

actors, who learn by using heuristics, are possibly biased5, while their reactions are non 

linear6. [2, 14, 8] 

Many real-life complex networks are neither completely regular7 nor completely 

random. There are complex systems, in which conditions are constantly changing giving a rise 

to endogenously engendered novelty. Simple complexity models are characterized by fat tails 

in returns distribution, long memory and interacting agents [14]. The extended characteristics 

are the followings: (1) particular states of the system are singular, (2) processes are non-linear 

and frequency-dependent, (3) strength and direction of causal relations are highly divergent in 

terms of magnitude and power, (4) exogenous events are influencing the system but events in 

the system are not completely dependent on the environment, (5) there is a hierarchical order 

between elements and particular emergent properties [12].  

Scale-free8 networks are special cases of complex networks. They are inhomogeneous 

in nature, which means that nodes have very few link connections and yet a few nodes have 

many connections. In comparison with a random network, complex networks have the same 

size and an average degree, but the average path length is somewhat smaller. The clustering 

coefficient is much higher as well, while there are a few “big” nodes (hubs) with very large 

degrees (very large number of connections to bring the other nodes of the network close to 

                                                 
3 Occurrence of bubbles were simulated in a rational and well informed market environment too when markets 
deviate from full rationality in asset pricing. Therefore they do not request uncertain circumstances  [14]. 
4 A divergence between development in a financial market benchmark and its effect on real economy [8]. 
5 Their sentiment varies over time, according to prevailing market mood [14].  
6 Economic agents do not respond strongly to relatively small changes in prices, but larger price movements may 
trigger a disproportionately larger response with a strong effect on other economic variables [8]. 
7 There are two generic aspects to understand real networks: the nearest-neighbor coupled network (a lattice) and 
the randomly connected network (Erdősi-Rényi model). In a lattice, every node is joined only by a few of its 
neighbors creating a homogenous network with low level of dynamism, which is clustered, without small-world 
effect. Random networks can appear quite suddenly. They are homogenous without showing clustering in 
general, but have small-world effect. The connectivity approximately follows a Poisson distribution. [23] 
8 scale-free: “The shape of the degree distribution does not change over time, namely, does not change due to 
further increase of the network scale.” [23] 
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each other). A quantity x obeys a power law if it is drawn from a probability distribution, P(x) 

~ x-α, where α is a constant parameter of the distribution known as the exponent or scaling 

parameter9. The probability P(x) that a vertex in the scale-free network interacts with x other 

vertices decays as a power law, following therefore majority of cases has very low probability 

presenting a dissonance between expected value and mode which is the opposite to harmony 

at random networks. [23, 7]    

To understand the singularities of financial crises, we have to study how scale-free 

complex networks can describe synchronization, transition processes and failures. 

Singularities are the results of non-linear dynamics in the economy, when small changes in 

systemic characteristics cause large-scale implications at the macro level [12]. 

Synchronizability of a scale-free network is about the same as a star-shaped coupled network 

driven by tiny fraction of distant links (small world effect); so hubs are playing a similar role 

as single star-center. In these networks, that is the explanation for the error tolerance and the 

attack vulnerability phenomenon. The network is robust during the random removal of a 

fraction of nodes; but after the preferential removal of key nodes, the system performance 

decreased. Phase transition was described between scale-free and random networks. The 

connectivity number is emerging after the collapse of the “stable” scale-free state. The system 

is random in its “chaotic” phase with high evolutionary performance until a new “stable”, 

scale-free combination is established [10, 23, 24]. 

By using the complex scale-free network model, a lot of unusual events on the 

financial market could be described. The “singularities”, which are resulted by the scale-

freeness of real networks, are summarized in three levels of complexity. The first level of time 

series means, that the autocorrelation function of returns is a monotonically decreasing 

function holding at least for approximately 20 trading days. Price returns and volatility are 

locally nonstationary, but asymptotically stationary. The second level, the so called event-

based trade allows synchronous interaction in the same economic sector of each time series 

with all the others. The third level of complexity means a collective behavior during extreme 

market events. [3] 

3. Data issues 

On the top of the vertical (stock, bond and currency markets) dimensions there are 

indicators form US, due to the central role of their capital markets. Hungarian, Polish and 

                                                 
9 The scaling parameter typically lies in the range 2 < α < 3, but there could be occasional exceptions. [6] 
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Russian markets are containing the “emerging” part of the sample. Inflation targeting 

monetary policy of the European Union underlined the necessity of a long term bond market 

benchmark from the continent (as EU 10Y bond).  

Figure 1 Observed markets  
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Source: own calculations 

Logarithmic return series were used (1) with daily frequencies and are constructed 

from the price series (St) between 2. 1. 2002 and 31. 1. 2009 to study an entire conjuncture 

cycle in the world economy.   

Yt=[log(St)-log(St-1)]*100      (1) 
       

There are some distortions of validity in the case of bond markets due to the data 

collection, because in the case of Russia, there is only data available for federal bond market 

(GKO-OFZ) after 9. 1. 2006.; while there are only single bond prices in Poland (so DZ0110 

was taken into consideration thanks to it’s fitting to the examined interval), which is opposite 

of Hungarian bond market index (MAX).   

4. Testing procedure 

4.1 Descriptive statistics 

Standard picture of efficient markets are showed by the higher level of standard 

deviation at higher mean level of logarithmic means. But there is a lack of normal distribution 

as Kolmogorov-Smirnov test for normality suggest. Negative skewness means fatter left 

(dropping) side, against a robust right (emerging) side. Therefore extreme events had higher 
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occurrence during negative developments, while positive movements were similar mostly in 

the case of all emerging stock markets opposing to Dow Jones Industrial. Bond markets 

behave quietly similar – except GKO-OFZ, which is the most fragile instrument in the 

sample. We can find the opposite in the case of currency markets due to the opposite logic of 

exchange rates. While the main currencies are determined by the devaluation trend of USD 

against EUR with rare test backs, emerging actors behave extremely during their devaluation. 

Kurtosis is the indicator of the representation of mode inside the distribution. High kurtosis 

means a robust mode with dangerous backyard filled with extreme events – so the market 

usually operates normally, but it collapses when something weird happen.   

Table 1 Data overview and descriptive statistics for the return series  

            
Kolmogorov-

Smirnov 

  N Skewness Kurtosis Mean SD Z 

Asymp. 
Sig. (2-
tailed) 

DJI 1817 0.1241 10.2356 -0.0001 0.0128 4.1869 0.0000 
RTS 1817 -0.6625 14.1959 0.0004 0.0225 4.8399 0.0000 
BUX 1817 -0.3164 9.2518 0.0002 0.0159 2.6750 0.0000 
WIG 20 1817 -0.2585 2.4823 0.0001 0.0161 2.0375 0.0005 
US 10Y 1817 -0.1076 2.0352 0.0000 0.0007 1.8553 0.0020 
EU 10Y 1817 -0.1124 1.3083 0.0000 0.0004 1.7123 0.0057 
MAX 1817 -0.1237 18.6461 0.0002 0.0044 7.0802 0.0000 
DZ0110 1537 -0.1507 5.6904 0.0000 0.0022 5.9033 0.0000 
GKO-OFZ 780 -3.6813 42.6656 0.0000 0.0014 9.0965 0.0000 

USD/EUR 1817 -0.2348 3.7052 0.0002 0.0063 2.0230 0.0006 
HUF/EUR 1817 1.3987 12.8395 0.0001 0.0057 4.2770 0.0000 
RBL/EUR 1817 0.7882 8.5373 0.0003 0.0053 3.5858 0.0000 
PLN/EUR 1790 0.6517 5.2166 0.0001 0.0064 3.1172 0.0000 
   Source: own calculations 

4.2 Test for power-law and exponential logarithmic yield distributions 

According to literature suggestions, tail asymptotic distribution was examined on two 

ways. At first exponential and power-law tail distributions had to be separated by a simple R2 

based fitting-test10. Than estimated power-law properties were studied by Clauset, Shalizi and 

Newman’s (2007) improved quantile-based maximum likelihood estimation (MLE) method11, 

to estimate the scale parameter α. Size of the tails is determined by the scale parameter α – as 

smaller the α, as fatter is the tail. P-values are given by Monte Carlo procedures: the power-

law model is fitted for generated synthetic data sets, and the number of times is counted when 

                                                 
10 R-square – measures how successful the fit is in explaining of the variation of the data. A value closer to 1 
indicates a better fit. General model for exponential: f(x) = a*exp(b*x) and for power-law: f(x) = a*x̂b+c.  
11 Scripted in MATLAB, see http://www.santafe.edu/~aaronc/powerlaws/. 
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the Kolmogorov-Smirnov is larger than observed goodness-of-fit (maximum distance between 

the tail probability or cumulative distribution function of the empirical data and the fitted 

power-law model). [6, 20]    

Table 2 Tail distributions 
  Power-law distribution Exponential distribution 

  Negative tail Positive tail 
Negative 
tail 

Positive 
tail 

  α p α p R2 R2 

WIG 20 
1.9738 18.80% 2.1418 75.20% 91.08% 94.30% 

DJI 1.8995 80.00% 1.8557 80.80% 86.59% 81.05% 
BUX 1.7643 90.40% 2.0204 7.00% 79.25% 80.93% 
RTS 1.8351 7.70% 1.9407 7.80% 84.86% 72.34% 

US 10Y 2.0591 98.80% 2.1089 80.80% 93.94% 91.90% 
DZ0110 2.2477 96.40% 1.5072 0.00% 90.46% 92.95% 
MAX 1.7265 21.90% 1.7709 6.80% 88.72% 77.89% 
EU 10Y 2.5059 5.90% 1.7372 0.00% 95.78% 92.87% 
GKO OFZ 1.2255 0.00% 1.2343 0.00% 95.79% 97.25% 
USD/EUR 2.0549 70.70% 2.0764 18.60% 98.00% 91.58% 
RBL/EUR 1.9410 53.10% 1.8987 60.80% 91.04% 82.85% 
PLN/EUR 1.9573 36.30% 1.8881 83.10% 88.97% 87.27% 
HUF/EUR 1.9826 46.30% 1.8470 20.60% 98.66% 78.38% 
Source: own calculations 

As literature said, there are significant differences in the thickness, which means that 

emerging markets have fatter negative tails than developed markets. During periods of boom 

longer and thicker tails were detected with a power-law exponent α close to 3, while periods 

of stagnation characterized by shorter and thinner tails with an exponential decay close to 1. 

[20] 

Such asymmetries are identified at the negative tails of the sample. Stock and currency 

markets are behaving as power-law in both cases of market developments, and their α 

exponent remains under the literally presented 2.5 to 3.5 interval – which signs opportunities 

for unpredictable events in each conjuncture phase. Bond markets have only negative power-

law tails, but the fitting process could be too difficult due to the observed enormous kurtosis. 

EU 10Y indicator is smoother than US 10Y, which could be the result of strict inflation 

targeting monetary policy of the ECB.  

According to the forms of distribution, there are no strict differences between 

developed and emerging markets, the difference in α is marginal.  
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4.3 Static and dynamic correlations between the markets  

After the study of tail distributions it is necessary, to examine inter-market 

correlations, Correlation analysis employing both simple (static) and windowed (semi-

dynamic) approaches. There are two possible ways to model cross correlations on network of 

markets.  Each market or instrument has the same role in equal models, but this holistic view 

has some disadvantages: definition of correlation period, weekend distortions and too much 

smoothing or black out effect during aggregation [16]. Due to the central role of US capital 

markets, usage of hierarchical models is more discursiveness. In this case we have to assume 

that the contagion developments are top-bottom processes. 

To secure the harmonized property of time series, Russian bond market is not included 

in this test, because of the lack of available data before 2006. 

4.3.1 Static correlation on the entire observed period 

In the case of stock markets on the entire period between 2002 and 2009, weak but 

significant (Sig.≈0) connection were signed by spearmen’s 2 tailed correlation between DJI 

and the emerging capital markets (ρ RTS, DJI= 23.6%; ρ WIG 20, DJI= 23.9%), while significant 

relation was only flagged between WIG20 and RTS (ρ WIG 20, RTS= 4.6%). Hungarian stock 

market had no significant correlation. 

Developed bond markets had only significant but strong correlation (ρ US 10Y, EU 10Y= 

47.2.6%) during this period. Currency markets12 had significant but varied correlations (ρ EUR 

/USD, RBL/EUR= 91.5%; ρ EUR /USD, HUF/EUR= -6.4%; ρ EUR /USD, PLN/EUR= 11%). PLN and HUF had 

also a strong significant connection (ρ HUF /EUR, PLN/EUR= 44%), while PLN and EUR relation 

remained weaker (ρ HUF /EUR, PLN/EUR= 16.4%). In Hungary, there was lack of significant 

correlation between bond, stock and currency markets, while WIG 20 was sensible on bond 

and currency market developments (ρ WIG 20, US 10Y = -11.1%; ρ WIG 20, EU 10Y= -10.6%; ρ WIG 20, 

MAX= 12.6%; ρ WIG 20, DZ0110= 6%; ρ EUR /USD, WIG 20= -5.5%; ρ WIG 20, HUF/EUR= -24%; ρ WIG 20, 

PLN/EUR= -21%).Hungarian MAX index had converse relation with HUF and PLN exchange 

rates (ρ MAX, HUF/EUR= -35.7%; ρ WIG 20, PLN/EUR= -24.9%). 

4.3.2 Dynamic correlation phenomena and tail distribution  

Constantly high level of correlation could be interpreted as a sign of financial 

convergence [22]. But some strange developments could be find, when we investigate 
                                                 
12 In the case of currency markets, it is necessary to study the exchange rate arrangements in analyzed countries 
as Stavárek (2009) suggest [22]. 
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dynamics of the correlation over time. At hierarchical view we have to study the return 

fluctuations on the main market (Ymt). Therefore it is necessary to split its development (2) 

on monotonic stages.  

DYm = DYm(tn) = (Ym(tn) – Ym(tn-1))      (2) 

Turning points were set by DYm(tn) × DYm(tn+1) < 0  cases, therefore monotone 

emerging and declining periods { l1, l2, … , lk. } could be defined. Than we have to study, 

how the return developments on the n emerging markets (Yent) were determined in these 

intervals { l1, l2, … , lk. }.          

DYen = DYen(tn) = (Yen(tn) – Yen(tn-1))      (3)  

The resulted row vectors have to divide on emerging and declining group (determined 

by DYm(tn)), than the extraordinary and normal stages were separated – according to their 

outlying properties in the tail distributions. Synchronizations between DYm(tn) and DYe1(tn), 

DYe2(tn), …, DYen(tn) raw vectors were signed by correlation coefficients (4). 

ρDYm(li ), DYek(li ) = cov(DYm(l i), DYek(l i)) / σ DYm(li ) σ DYek(li )          (4) 

The outputs of static spearmen’s 2 tailed correlation signed poor inter connections on 

horizontal and vertical scale, but more detailed picture was provided after the establishment of 

quasi dynamic intervals (“windows”). Synchronisation of markets depends on the probability 

of return developments. Until the observed cases were strongly fitted into the curve, the level 

of cross correlation illustrated synchronisation remained low mostly inside the window.  

Figure 1 Semi-dynamic hierarchical windowed correlation  
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The main result (in table 3.) of this test is in connection with the dominant role of 

American bond and stock market. Serious synchronisations were observed in almost every 

negative extreme case (except the US10Y-DZ0110 relation), but on the positive side it was 

only applied on the bond market. As Stavarek (2009) suggested, results were the inverse on 

currency market than on the others [22]. USD-EUR relations affected only the RBL under 

normal circumstances. Higher synchronisations were observed at horizontal relations – 

emerging markets tended to move together inversely during extreme positive developments. 

During extraordinary decay in the the USD-EUR rate, ECE currencies tended to move 

together. 
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Table 3 Cross correlations calculated at turning points of main markets 

  Cross correlations 
on the entire 
time-series 

During negative development During positive development 
General Extraordinary  Normal General Extraordinary  Normal 

st
o

ck
 m

a
rk

e
t ρDJI,RTS 0,3950 0,3690 0,7304 0,0642 0,2017 0,3679 0,0996 

ρDJI,BUX 0,2301 0,3136 0,5644 -0,0126 0,2237 0,1878 -0,0464 
ρDJI,WIG20 -0,0072 -0,0668 -0,4937 -0,0117 -0,0254 -0,3690 0,1651 
ρRTS,WIG20 -0,2385 -0,2811 -0,2293 -0,3154 -0,2291 -0,8800 -0,1368 
ρBUX,WIG20 -0,2660 -0,0523 -0,1539 -0,0353 -0,2137 -0,6517 -0,0460 

ρBUX,RTS 0,1063 0,1294 0,2607 -0,0012 0,0415 0,3059 -0,0897 

b
o

n
d

 m
a

rk
e

t ρUS10Y,EU10Y 0,5062 0,5408 0,6532 0,2516 0,4067 0,4230 0,2631 
ρUS10Y,MAX 0,4406 0,5194 0,5951 0,0198 0,3408 0,5315 -0,0811 
ρUS10Y,DZ0110 -0,1743 -0,1288 -0,1828 -0,0179 -0,2451 -0,4272 -0,0134 
ρEU10Y,DZ0110 -0,4096 -0,3545 -0,2925 -0,5065 -0,5567 -0,5839 -0,4224 
ρMAX,DZ0110 -0,5446 -0,0915 -0,4531 -0,0145 -0,2736 -0,5491 0,0555 

ρMAX,EU10Y 0,2262 0,2640 0,3070 -0,1187 0,1512 0,1787 -0,2410 

cu
rr

e
n

cy
 m

a
rk

e
t 

ρUSD/EUR,RBL/EUR 0,9755 0,8153 -0,1037 0,8427 0,8125 0,2567 0,7753 
ρUSD/EUR,HUF/EUR 0,1300 -0,0299 -0,2799 0,0389 -0,1051 0,2451 -0,1738 
ρUSD/EUR,PLN/EUR 0,3970 0,0599 -0,1134 0,0629 -0,0938 -0,8605 -0,0647 
ρRBL/EUR,PLN/EUR 0,3847 0,1653 0,4835 0,1117 0,0678 0,2043 0,0391 
ρHUF/EUR,PLN/EUR 0,8676 0,4423 0,4253 0,6655 0,4160 0,1897 0,4569 

ρHUF/EUR,RBL/EUR 0,1556 0,0978 0,5942 0,0860 0,0079 0,9141 -0,0412 

Source: own calculations 
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5. Conclusion 

An enormous challenge for the investments of the pension system is composed by 

contagions on the emerging markets, because these price movements are hardly predictable 

and occurs with controversial causality fundamental background. This phenomenon is the 

natural consequence of the network bounded global capital market and real economy.  

Hungary and Russia introduced their own pension reforms at the end of nineties – 

Hungary in 1998 and Russia in 2001 –, but the results were different in the way of 

management and portfolio structure. The levels of managing cost and net yields are strategic 

questions in the case of second and third pillar, but there are different paths to reach it. 

Russian second pillar is a de facto state monopoly – 96% of assets are managed by the state 

owned Vneshekonombank, therefore private asset managers have marginal role. Second pillar 

is only one component of universal banking system at Hungary. At the beginning of the 

reforms both portfolios stand principally from government bonds. Hungarian rules were 

changed in 2006, to reduce transactional costs and to build much more diversified portfolios 

according to World Bank suggestions. According to Polish experiences, second pillar is 

adequate, when portfolio is less conservative and management fees are under 2%. Polish 

portfolios (from 70% fixed and 30% stock assets) produced 12.3% nominal yield between 

2001 and 2007, which was the double of Hungarian pension yields – where portfolios were 

filled with shares from 15% to 30% only after 2006 on the top of bullish market [17].  

This idea based on the empirical results on the American historical real yields – 1% is 

produced by government bonds and 4% is produced on the long run by stocks, but this 

statement has poor validation on emerging markets [19].  Share of government bonds in 

pension portfolios raises a moral issue – do bonds act as a safe, fixed component of pension 

portfolios to minimize effects of global market turbulences, or pension system is a stabilizer 

of public debt market?       

As this study pointed at, government bonds do not behave as a safe sanctuary. Their 

fragile behavior was detected by tail distribution and synchronisation tests too. Therefore, we 

cannot avoid market risks by limiting the investment policy by pushing pension funds into the 

direction of buying only “risk free” governmental bonds. If a country with a domestic capital 

market lacking of instruments, opens its real economy while maintaining convertibility, it is 

better to authorise non-domestic, external pension investments – or to open in the direction of 

focused financing of real economy. Their investments can not separated from network biases 
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(as bottleneck effects, overreactions, price-bubbles, … etc.), but the opening to venture capital 

could be a huge leap for sustainability with a longer investment horizon [13]. It could be the 

way of handling the “double pressure” of aging and low-cost countries on labor market and 

public finances. [4, 17].          
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