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Abstract

In this study, a self-organized model was developedlemonstrate
the inequality of income distribution. We assumddiat income depends on
two quantifiable parameters, namely, work and pot@h Since every
member of a population (or every nation) is free decide how much work
he/she will do, we model work by a random varialdejled, the work index.
The potential of each member of the population degds on biological (skill,
intelligence), social and economic factors. Forstate, the factors that affect
the potential include the quality and quantity of eountry’s stock of the
factors of production, technical knowledge, naturaésources etc. In this
model, a basic computer program was developed tmpmae the income
distribution among population sample of 27. The s show that the wealth
increases exponentially with the potential. Workowever, has a linear
relationship with potential; hence, the acquired seurces also depend
exponentially on work. There is no relationship lveten the initial potential,
the final potential, and the final wealth. The mobshows that although work
is very important in the final potential and wealttihe time of work is more
important to avoid lasting poverty.

1.0. Introduction

In recent times, some principles of physics havenbapplied to biological, chemical, social and
economic systems. The branch of physics which esdéis the complex problems in these fields is dalle
synergetics.

One of the most fundamental problems in sociol@pgnomics, mathematics/statistics and recently
physics is the inequality of income distributiodMandelbrot (1977 [3]) has however shown that theoime
distribution in America has a power-law tail, whigteans that the income distribution of rich pedpl&actal.
Montroll and Shlesinger (1983 [4]) had plotted thstribution of income in the USA on log-normal ghapaper
for 1935-6. On such graph paper a cumulative lograb distribution will be a straight line. Thistise case for
the first 98-9 percentiles; however, afterwardlifows a power-law (Shlesinger and Montroll, 1983). Bak
and Chen (1989 [1]) have demonstrated that powerftactals occur in nature due to self-organizeiticat
dynamics.

The study of self-organized systems is a relativedy branch of physics which Haken (2007 [2])
called synergetics. It deals with complex systerhi&ckvare made up of many components or subsystérs.
study of how these subsystems cooperate among aheh to bring about spatial, temporal and funaion
structures on macroscopic scale is called selfrozgéion. Self-organization occurs in systems Wtdce free to
make choices under constraining forces.

Self-organized systems cut across all disciplineysfcs, chemistry, biology, ecology, economics,
population dynamics, sociology etc. A special fasfrself-organized systems that has been extenysstetied
is the self-organized criticality in phase tramsitat critical points (e.g. water and ferromagradiis).

At the critical point for continuous phase trargiti the correlation function for the order paramétes
power-law behaviour in both spatial and temporahdm. This power-law behaviour is the same as dhat
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fractal objects. Bak and Chen (1989 [1]) havedfme described fractals as snapshots of systeerstipy at
the self-organized critical state.

*Correspondence author ‘s e-m-mail:_wemidavid@yaho@om

The occurrence of fractals in nature is widespreddany things which we used to think of as messy
and having no structures are in fact characterigedrell defined power-law spatial correlation fuoos. The
statistical and mathematical theory of fractalsval developed. However, the physics of fractaks still being
studied. Self organized criticality has been suggkss the physical mechanism responsible for dveeplaw
fractal behaviour in the spatial and temporal denodinatural systems.

A system is said to be in a critical state if theley parameter that characterize the system isuniguely
determined but has a choice of two or more sté&esexample, at temperature of 373K and pressufieatm,
the density of water is not fixed but has the caata high value (water) or low value (steam).

In this study, the work dynamics as a function ehikble potential and the income derived would be
investigated. The functional relationships wouldabalyzed by physical models.

2.0. Model description
2.1 Basic Assumption

The income of a state depends on several factoishwdre both quantitative and qualitative. For
simplicity, we assumed that income depends on twantifiable parameters, namely, work and potentiflrk
refers to any exercise embarked upon to earn amiadn the form of wages, salaries, rentals, istsrerofits
etc. Since every member of a population (or evetyon) is free to decide how much work he/she di| we
model work by a random variable, called, the waidkeix. We believe that effort or work in productativities
by individuals and nations vary randomly.

The potential of each member of the population ddpeon biological, social and economic factors.
For example, the potential of a person to earnrmome depends on his/her talent, skill, intelligerand
emotional stability. Social and economic factarshsas family background, education and culturbéfseaffect
a person’s ability to earn income. For a countrg, factors that affect the potential to acquirelthear resources
include the quality and quantity of the availatdetbrs of production, technical knowledge, natoeaburces as
well as political and social stability. In this del, we assumed a multi cascade distribution ofpibential
without considering the different factors that affé. We further assumed that the potential it static but
dynamic. The potential of each member of a pomratiepends on the quantity of resources or wedatbhe
has acquired, and also on the quantity of resowsrcgsired by other members of the population.

2.2, Model parameters and relationships
The four major parameters of the model are:
0] A(n): Resource acquisition potentials of each membea pbpulation. The potentials are taken as
normalized functions. Hence, their initial valsee determined by a multiplicative cascade model.
(ii) C(n): Given that the total annual available resourdes,is fixed, C(n) is the proportion of the fixed
resources each member of the population earnsdde-done.
C(n) = A(N)xTR (2.1)

(i) B(n){ — This is the total resources acquired by eaemiver of the population at tinke

k
B(n) = > Cj(n) 2.2)
i=1
(iv) WI(n): This is the work-index which defines the tataimber of times each member of the population
earns an income or acquires resources.
As the acquired resources of each member of thelatign changes, the potentials also change. To
compute the new normalized potentials we introdudemmy variabl®(n) defined as:

A(n :0< <
D(n) = (n) 0<B(n=1 (2.3)
A(n)+ Glog[ B(n)]:B(n) g1l
The functional form of this relation was taken fao reasons:
0] We expect that as the wealth of any membehefdopulation increases, the potential will alsoéase.
We however, expect that the relative change inniatiewill decrease as the wealth increases.
(ii) The actual potential does not decrease witletas other members become wealthier.
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The control parameté?® determines the relative impact of the wealthyaretion the poor ones and the
higher its value, the higher the impact of the echthe poor. The new normalized potential isefere defined
as

A(n) = D(n)/z D(n) (2.4)
n

2.3. Computational procedure

The first stage of the program involves the initiafion of the model parameters. The populatioe siz
was taken to be 27 and the multiplicative cascadeaositine was used to compute the initial potestiahs
designed, the program can only take populationisizeultiples of 3. The initial values of B(n) a{n) were
zero, but B(n) could be varied. The program wasgtesl to undergo twenty iterations which represesinty-
years. This number can also be changed.

As designed, each member of the population acquarésction of the available resources that is
proportional to its potential when a subroutine fiRafor random number generation returns the nunobeny
member of the population. The total number of tithed each number is generated is the work-indely. (W

We note that non-randomness of the sequence of ensngenerated by the subroutine Ranz may
adversely bias the program. Therefore, before uiagoutine we first tested for randomness. gy random
sequencey;, X,,..X,, we define the following properties

-_1
==—>»X 2.5
mean n; n (2.5)
o _¢ 1 _m21
standard deviation : g,= —J_Z(Xn X)°]17? . (2.6)
n-17
Standardize random numbers:  Z, = (X, = X)/ O, .7)
5 _ 1
Z==>7Z 2.8
nz n (2.8)
n
1 _
o,= —Z(zn—z)z]y2 2.9)
n-1
If the series is random, we have Z = 0, and o, =1

3.0. Results and discussion
3.1 Analysis of potential, work and resources

Table 3.1 gives the variation of the potential aeslources for each member of the population with
time. It is seen that where the initial resouraesto zero for all the population, the final resms vary greatly
from 7.5 x 10 for population number 2, to 67.402 for populatiamber 6. Whereas, the initial potential varied
from 0.036265 to 0.037483, the final potential @drfrom 0 to 0.085965 (figure 3.1). One can dedbe¢ the
resources have a relationship with the potentialthe total resource acquired within the first fg@rations is
very important in addition to the work index. Figu8.2 shows that there is a linear relationshipveen the
work-index and the final potential, provided thetgatial is greater than 0.02. This is to be expbsiace the
work index determines the resources and the ressutetermine the potential. The resources howees an
exponential relationship with the work-index (figus.3), provided the resource is greater thaneskiold value.
The final resources also have an exponential oglatith the final potential (figure 3.4). This issa to be
expected since the work-index varies linearly vpititential and exponentially with the final resosrce

Since the potential determines the resources, wéngrested in the relationships, between thélnit
potential and the final potential (figure 3.6) aslvas that between the initial potential and timalfresources
(figure 3.7). From the two graphs, we see thatl®eno relationship between the initial and tinalfpotential.

To test the validity of our result we assumed thatHuman Development Index (HDI) defined by the
United Nations Development Programme and computealf nations of the world is related to the raseu
acquisition potential defined in this study. Theo& Domestic Product Per Capita (GDP) is alsont@iseean
indication of the wealth or resources of each maticence we plotted the HDI against the GDP for Agons in
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Figure 3.5. There is clear exponential dependehtieeoGDP with the HDI in agreement with the modidult.
Note that the exponential dependence is not amantrproperty of the model. It results from timteraction
between the population and the rate of doing work.
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3.2. Distribution of resources

The distribution of the per capita GDP for 175 coias listed in the World Development Report
(1997) of the United Nation’s Development Programareas shown in Table 3.2 with the distributiotagied
from the model. Using the student t-test, we olegtthat the two distributions are the same with 80%

significance.

Note that both the real GDP per capita and the hmedalt are not fractal. Hence, we have not distua
been able to explain the power-tail of income distion in the U.S.A. The present model did notegilie study

population any free choice. This is a basic remént for self-organized power-law behaviour.

Table 3.1 Variation in potential and resources with timaeTirst set is the variation in potential
while the other set is the variation of resources’.
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Table 3.2 Statistics of the GDP per capita and the model da

Class
Interval

Model

Real Data

Actual |

Percentage (%)

Actual

Percentage (%)
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0-10 14 51.85 143 75.66
10 - 20 2 7.41 15 7.94
20-30 4 14.81 8 4.23
30 -40 3 11.11 7 3.70
40 - 50 - - 11 5.82
50 -60 2 7.41 2 1.06
60-70 2 7.41 3 1.59
3.3 Conclusion

We have attempted to model the global income idigion pattern of nations in terms of works,
potential and resources. Both real data and thdemmesults show that the wealth of a nation insesa
exponentially with the potentials.

The richest countries are also the ones that ame fikely to acquire more resources. Work has a
linear relationship with potential and hence thguaed resources also depend exponentially on wbidwever,
we observe that temporal variation of work has ificant effect on the final potential and the fimakources.
The richest members of model are the ones with gbad at the first two years, while the poorest the ones
that do not earn any income in the first one ta fgears. With this initial poor start, it becanmery difficult for
these poor members to earn income though theytighevork index.

The study has also shown that there is no relstipnbetween the initial potential and the final
potential. The implication of this is that evergtion has the ability to be successful. A singgobal effort to
re-distribute potential (not resources) may brittgewide disparity in wealth across nations.
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