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Economic systems as complex systems are the sofint@ny unconventional
researches. The actual phenomena in complex sys$tavesthe non-scalability fea-
tures and non-scalability does not exist withoet power laws. This paper presents
the occurrence of power series of rights and selflarity in the distribution of na-
tional income in 2010, in terms of countries, thedpean Union and the Polish sub-
regions. This means that one can study economiersgsusing tools of complex
systems theory. This applies especially to theystfdthe mechanisms governing
the system at the local level that generate glabtbn.
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1. Introduction

The general theory of complex systems providesriegtefoundation for the
study of rights underlying operations of such systeEconomic systems as com-
plex systems are home to universal laws, amonghwtlie most important are
exponential power laws.

The system comprises a circuit whose operationghklyh complex, and its
complexity does not result from the mathematicdfialilties that occur when
attempting to describe or modeling. Traditional moels of drawing conclusions on
the basis of information, such as trend analysés/ehlimited the usefulness of



complex systems. It is a consequence of phenonteraaterizing the operation of
such a system. The most important features of cexrglstems include [4]:
e unusual sensitivity to initial conditions,
« multiplicity of unpredictable interactions that oecc between the
components,
* constant evaluation.

Complex systems are home to a number of charaatgoisenomena such as non-
scalability dependence on power law, self-orgdimnaln this approach, an eco-
nomic system is characterized by the interactiodisiributed agents, the lack of
a central control center, multi-level organizatioontinual adaptation and the lack
of overall balance. There are also complex systéms are completely non-

deterministic, predicting their future behavior dd®n data from the past is virtu-
ally impossible. In complex systems, there is alsmnstant self-organization [6].

Complex system is the Internet, which is often usestudy various phenom-
ena. Also, business interactions, financial acdagnare examples of issues in
which there are investigated the characteristiaaiplex systems.

Complex systems and the actual phenomena includdgbin are characteris-
tic of non-scalability, and non-scalability doeg emist without power laws. Inter-
disciplinary researches on the prevalence of pdawes confirm the operation of
laws of Pareto, Zipf, Gibrat in economic systems9510].

2. Power law

Today, technology development made it possibleotect and study the ac-
tual data on an advanced level. Exponential distiobs and the related concept of
non-scalability has become the subject of manyisgdhot only in technical sci-
ences, but also in the natural and social sciefides.most commonly used exam-
ples of the occurrence of power laws is the dynaroicthe financial markets, the
distribution of wealth in society, citation rate $gientific articles, the number of
entries on the website. Exponential laws in thetexinof complex systems are
analyzed in the study of the GDP of countries mafficial profits of companies of
different industries, sizes of cities.

Distribution of wealth in society was studied ire tate nineteenth century by
Pareto, who analyzed incomes statistics in Itatg lae said that the distribution of
the power series is described in the power lavis iBha consequence non-scalable
distribution of wealth. His discovery is invokedd&y in the course of GDP
in international trade, as well as, in an analysfisocial inequality. Today we
know that the complex system is inextricably linkedthe occurrence of power
distributions.
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Exponential probability distributions can be exgegbas a formula [3, 4]:
P(x)=cx 7, 1)

wherex is a random variable discrete or continuaugs a constant parameter of
the distribution known as the exponent or scaliagameter, ¢ is normalization
constant.

In case of continuous random variable probabildpgity is:

a-1, x .-
P(x) = )7, (2)
in  Xmin
where constant C was determined from the norm#izaiondition
I P(Xdx=1 3)
Xmin
assuming thak.;, is the smallest value of the variabdewhile a > 1.
When the random variable is discrete, power-lavbabdlity distribution is:
X—a
PX)=———, 4)
f(a! Xmin
where
@ Xmin) = Y (N+Xmin) ™7 (5)

n=0
for a >1, is a generalized zeta function, which satistiesrtormalization condition.

D P(¥) = c&(@, Xpip) =1. (6)
X=Xmin
Due to the difficulty in calculations, the sumspmiwer functions are approached
by integral. Thus in most cases, random variabies¢raated as continuous.
The average value of a random variable X with pelaer distribution is equal to
the integral.

<X>= IxP(x)dx (7
Xmin
The expression is divergent far< 2 the function distributions have infinite
expected value, which means that none of the expeaitilly determined average
values will be true. Non-scalability of studied ®ras will be demonstrated by the
lack of repeatability and large fluctuations in tesults.
Also for m=a -1 any moments: x" > of examined distributions are divergent.
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Therefore, in real systems beside the small andumedized events, there
will appear extreme events (international armedflzis, people with incomes
comparable to the revenue of whole societies, gfitncial crises).

For the power-law distribution the characteristip@nent can be determined
using the formula:

n
cr:1+n[ZIni]'1 . (8)
i=1 min

Wherex; fori =1, 2, ...,nrepresent the values of observed events. Parameter
Xmin Means the smallest value of the variablabout which it may be said that
examined distribution has a power-law characteafiot = Xy,

Power-law distribution can be found in the literatunder the names of non-
scalable distribution, Pareto distribution, Zipfstlibution [5, 9, 10]. Scientific
results from the traditions and theories from whtioby arise. Consequence of the
power law is the Pareto rule, which says that imea market economy 80% of
goods is held approximately by 20% of the richestriners of the population. It is
universal, which means that market mechanisms eseddompetition are not con-
ducive to the equitable distribution of wealth.

Equally, you can meet the application of Zipf lamhich in the original ver-
sion was related to the words occurrence in a abiamguage, and the frequency is
inversely proportional to the ranking. Applicatiohthis law refers to the distribu-
tion of GDP, or the study of population in urbaras.

The economic systems are complex systems constantigrgoing self-
organization, providing the basis for creating aefrmarket and competition.
The basic step is the knowledge of the mechanismerging the system at the
local level, because the self-organization takasein the direction of local activi-
ties to global consequences [6]. Power law is dnth® common signatures of
a nonlinear dynamical process, chaotic process;hwili at a point self-organized.
With power laws it is possible to express self-&nily of the large and small, i.e.
to unite different sizes and lengths. In fractatl,afor example, there are many
more small structures then large ones. Their résgecumbers are represented by
a power law distribution. A common power law fof aizes demonstrates the
internal self-consistency of the fractal and it#yacross all boundaries. The pow-
er law distributions result from a commonality afs and process at all scales [7].
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3. Power lawsin incomedistribution

In studies of complex systems , in which there @oeer law distributions,
there have been examples of economic issues. @€sbttare the results of research
on the Japanese economy, as compared to the led@momy, where there were
studied business incomes of various industriesg8jvell as research on the sizes
of cities [1, 2].

To present the occurrence of power-law distributiothe distribution of na-
tional income we used data including selected c@mst the European Union and
Polish sub-regions. Research was related to theedexf similarity of the phenom-
ena occurring, regardless of the spatial dimen$fofish sub-regions were selected
as territorial units NUTS 3 in territorial class#ition of the European Union.

Calculations and graphs were prepared using thiest8ta. The variable [v]
shows the share of GDP of countries in the wohé, European Union and the
Polish sub-regions involved in the country's GDP.

Databases have been obtained from the analysieedhternational Monetary
Fund (report of April 2011, for the year 2010). ®&br the Polish sub-regions de-
rived from information portal of GUS (The Polishr@al Statistical Office) from the
document "Gross Domestic Product of regions andregions in 2000-2010".
The country or sub-region with the highest incormseeived position (rank) 1.
To present power laws there have been used twhgrapscatter diagram and graph
in the double logarithmic scale, which allows digaing the nature of power law
distribution. They show how the distribution of tiigctuations depends on the num-
ber of cases.
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Figure 1. The share of 182 countries in the world in nom@8&IP generated in 2010
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Logarithm of Rank versus Logarithm of GDP
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Figure 2. The share of 182 countries in the world in nom@alP
produced on a logarithmic scale in 2010

Table 1. Descriptive statistics regarding the participatidri82 countries in the world
in nominal GDP generated in 2010

Descriptive statistics

N important Mean Minimum Maximum| St. deviatign

v 183 0,005468 0,000001 0,216683 0,019893
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Figure 3. The share of the 27 countries of the European tJimamominal GDP in 2010
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Logarithm of Rank versus Logarithm of GDP Countries EU
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Figure 4. The share of EU-27 in nominal GDP shown on a litigaic scale in 2010

Table 2. Descriptive statistics regarding the participatiér27 countries of the European
Union in the resulting nominal GDP in 2010

Descriptive statistics

N important Mean Minimum Maximum| St. deviatian

v 27 0,037037 0,000506 0,20349¢ 0,054853

Rank versus GDP Polish Subregions
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Figure5. The share of 66 Polish sub-regions in nominal GDZ010
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Logarothm of Rank versus Logarithm of GDP Polish Subregions
pkb 2010 5v*66¢
log v =-1,1134-0,5627*x

-0,8

log GDP

'-0,2 0,0 0,2 0,4 0,6 0.8 1,0 12 14 1,6 1,8 2,0

log rank

Figure 6. The share of 66 Polish sub-regions in nominal GDR logarithmic
scale in 2010

Table 3. Descriptive statistics regarding the participatd®6 Polish sub-regions of the
resulting nominal GDP in 2010

Descriptive statistics
N important Mean Minimum Maximum| St. deviatign
% 66 0,015152 0,004644 0,135372 0,016218
4. Summary

The charts that were used to visualize the giveblpm, suggest, due to the
existing self-similarity, overlapping the power lsawn the distribution of national
income, and thus confirm the existence of theses lémv economic systems.
Non-scalability resulting from the graphs confirmtkir presence at different
levels of the studied phenomenon.

The values for the advanced, "rich" countries dr-egions, in the logarith-
mic scale graphs normally form a line graph. Fhieotcases, there is no such pos-
sibility. This shows that the existing inequalitiesthe distribution of national in-
come at different levels cannot be avoided. It setmat on a global basis — as the
most numerous, inequality will be exacerbateds l ifeature of the occurrence of
power laws’ distributions, where beside small aretiimm-sized cases, there must
appear extreme events. Non-scalability is manifebiea lack of repeatability and
large fluctuations in the results.
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As a result, the rich countries of the world witbw faster than the others.
What supports the hypothesis is also a signifistuaire of the rich sub-EU coun-
tries in obtaining EU funds, and the developmentaoje urban agglomerations.
Interesting seem the programs aimed at reduciniglsoequalities that by means
of the funding countries or '‘poor' regions will quemsate for the differences.
However, a large part of funds obtained in such ammyway goes to the "rich" who
are the owners of such new technologies and whe Wil continue to increase
their resources.

A very interesting phenomenon to be observed whemaing economic
systems, in the context of current power laws tlaeeresults obtained for industries
where there is a lack of competition, and even rpohy These examples are
characterized by the absence or low occurrencewéplaws. This includes indus-
tries where there is poor competitiveness. An exarigpthe energy, and in some
countries, extractive industries controlled by gogernment.
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