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Abstract

The article is devoted to the creation of tools for the assessment of the level of social dissatisfaction. The model of the
assessment is carried out on the base of one factor (the index of social dissatisfaction based on income differentiation). The
scope of application of the results of this study is to support decision-making by planning of the socio-economic development.
Evaluation of methodological tools was carried out on the example of the Denmark, which showed the dynamics in the levels

of social-economic dissatisfaction (2000 — 2014). Social dissatisfaction in Denmark was absent in this period.
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1. Introduction

Designing of mathematical models that demonstrate the level
of social dissatisfaction is one of the most important goals of
security services, social technologies and political science.
Despite a lot of research conducted in this area, the problem
in question is still of high importance due to the lack of
practical application of the existing models at the
governmental level.

The purpose of this work is to develop a mathematical model
of social tension assessment that would serve as a means of
preventing social conflicts. There are researches

The mathematical models, suggested in this research, can be
utilized by various organizations and institutions, for
instance, by the Security Service for designing security
measures, by politicians and economists for decision-making
purposes in the sphere of regulating distribution and
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redistribution of government revenues, as well as other
professional domains, related to governmental processes.
Besides, the algorithmic method proposed in the study can be
useful for the organizations that specialize in conflicts
studying (Center of Conflictology, Mediation Center, etc.).

Social dissatisfaction as a phenomenon exists in any group or
team irrespective of its level. It may be found within an
organization, a region, or at the state level. Pirogov [1]
understands social dissatisfaction as a characteristic of the
state of a social system, which can be described as an
increase in instability due to the violation of the rights of
individuals.

In other research papers, devoted to this subject [2 -14], the
wording of the concept of «social dissatisfaction» is replaced
by the synonymous term of «social polarization», which
means inequality, or fractionalization.

There are general index of polarization [11], the Hirschman-
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Herfindahl fractionalization index, Reynal-Querol index, The
Theil inequality index. In the articles by Fusco and Silber,
social polarization is understood as the distance between
various social groups. Zhang and Kanbur [4] adjusted Theil 's
formula in terms of intragroup and intergroup interaction.

In other studies [4, 9] the authors emphasize the distinction
between the social concepts of inequality and polarization.
The authors suggest using the following inequality
indicators: the Gini's coefficient and the generalized entropy
(GE — Generalized Entropy). The indicators of polarization
(ER — Esteban-Ray index, W — Wolfson index, TW — Tsui-
Wang index) are mentioned in these studies as well. In this
work, the authors [9] also emphasize the difference between
inequality and polarization.

Within the context of the current research, social
dissatisfaction is understood as a special condition of public
consciousness and interactions between the subjects, as well
as a specific state of the perception of reality. In this case,
social dissatisfaction is considered to be the generalized
characteristic of a conflict situation; it is characterized by a
high level of people’s dissatisfaction, caused by some factor.

Up to a certain point, social dissatisfaction does not
constitute a threat; but there is a critical value of social
dissatisfaction, the excess of which may result in conflicts,
uprisings and wars. Oftentimes, dissatisfaction increases
slowly, until there are particular events that act as a trigger
and make a feeling of disappointment erupt outside.

Besides, for a real conflict to occur, there should be some
conditions and resources necessary for the organized group
activities. Lack of such resources can inhibit the emergence
of open conflicts, a conflict in that case may remain latent.
According to the theory of plurality of conflicts by L. Coser,
the greatest threat to the dynamics of evolutionary processes
in social system is connected with a growing tension level,
which may result in the polarization of social groups’
interests and escalation of conflict to a higher level.

Thus, the analysis of literature has shown that no model has
so far existed that was designed for the assessment of the
level of social dissatisfaction according to some factor, the
model that would not rely on sociological poll results and
could allow the continuous monitoring of the level of social
dissatisfaction to be conducted practically cost-free.

The object of the research is social dissatisfaction in society.
The scope of the research did not include the study of
interactions leading to open conflicts.

2. Data and Methods

The assessment of the social dissatisfaction level is one of the

most important goals of Security services, organizations that
focus on social technologies and political science. The results
of the research may be used for the development and
implementation of optimal strategies of conflict prevention.
Although there is a lot of research work in the field, there
emerged a necessity of designing alternative assessment
techniques, for most of the existing ones are time-consuming
and expensive.

Tension within society exists at different governmental levels
and in the majority of the countries in the world. In view of
this, it becomes important to develop a set of indicators of
social dissatisfaction as part of the system of social and
economic development indicators.

The model of social tension (dissatisfaction) was used in the
current study: model of social dissatisfaction based on
income differentiation.

The authors of the current research have developed the
information system for calculations linked to the suggested
model [18].

3. Model of Social
Dissatisfaction Based on
Income Differentiation

The core principle of the income-based social dissatisfaction
research methodology relies on the Boltzmann distribution
that is wutilized in statistical physics. Previously, the
Boltzmann distribution was used for the assessment of
sustainability of social and economic systems [17]. In
accordance with this principle, the equilibrium condition of a
closed system is associated with maximum entropy and any
deviation from equilibrium results in a non-equilibrium
system, also known as social dissatisfaction. In this case,
social dissatisfaction is assessed with the help of the
Boltzmann principle and is calculated as the difference
between the actual income level and the income based on the
log-normal distribution model, which illustrates the
equilibrium of a socio-economic system. The assessment
model of income-based social dissatisfaction is written as:

& =x1,-1). (1)

where J,, is the index of social dissatisfaction, ISD, (Fig. 1);

f; - frequency of empirical distribution of the population for
each year in the j -th income group;

I

fj - frequency of theoretical distribution (8) of the

population for each year in the j -th income group.
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The most likely distribution of household income that has a
clear thermodynamic grounding and is characteristic of the
equilibrium state, is a normal distribution of income, with
respect to which the indicator of the level of social tension on
income differentiation is calculated [19]. We will provide
some examples to illustrate it later.

Consider a closed macroeconomic system with the volume of
gains V, separated from the environment in which the
economic agent acts. Suppose that the system interacts with
the environment through the exchange of money. Let the
number of agents be N. Single out from this amount those
groups that have a similar ability to exchange N1, N2,... Ni,
and whose share of income is C1, C2,... Ci respectively. In
this case we have:

N=YN,, @)

where n is the number of groups of entities. We introduce
another characteristic of complex systems, i.e. a function of
the state of the entity, which denotes financial potential
Y.(V,C,,N) . Given the state has a constant volume of

income and entities of the economy it is a function of one
variable, that is income. Obviously, changes in the income of
one entity will cause correspondingly a slight change in the
function of state and will amount to dW¥,. This small amount

is proportional to the share of the entity income:
dC, =yl WY, 3)

where ) is a constant that depends on the method of

measuring the financial potential (e.g. exchange rate). In
further calculations, for the sake of convenience we assume
y=1. Divide the variables and integrate them:

w
T%Cz jdtp. 4)
Cy W,

We have the following:

n =y )

0

Integrating and separating the variables, we obtain the law of
normal distribution for financial potentials:

w -7
- i , 6
exp {0_2} (6)

where W, and W are the financial potential of entities and

AN 1

N oW an

average financial potential of all system entities; O is
dispersion of income within a macro system. Taking into

account the relationship (2) we obtain from (3) the law of
log-normal distribution (Pareto's law):
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The obtained equation is the law of lognormal distribution of
income under conditions of equilibrium; a deviation from it
is a measure of the economic system non-equilibrium.

In this case, the formula for calculation f/ is as follows:

(InX,~In X)’

) ®)

where o is the dispersion, and it is calculated with the help
of the following formula:

S(nX,~nX) ¥,
o = L= : ©)
/i

-

j=1

where X is the level of income within the j-th group;

X is the average income level within the j-th group.
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Fig. 1. Graphic sense of Index of social dissatisfaction (ISD), calculated
according to income distribution.

Assessment of social dissatisfaction, illustrated by this
model, is carried out with the help of the following
algorithm:

1. Primary acquisition is the population’s income distribution
on an annual basis. In the current study, the basic data are
taken from the public domain, in particular, from the
database StatBank Denmark (http://www.statbank.dk/).

2. Theoretical distribution of the population income is
calculated, using the data of the actual income distribution
with the help of the formula (7).

3. Eventually, the value of social dissatisfaction is calculated
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according to the designed model (1) (Table 3, 4; Figure 2).

The number of people who demonstrate high levels of
dissatisfaction due to the deviation from equilibrium can be
calculated by multiplying the index of social dissatisfaction
by the population:

(10)

where N is the number of people whose data were used in the
research (in the case of social dissatisfaction at the federal
level — the number of people in the country was used). For
the calculation of social dissatisfaction at the regional level
the researchers used the number of people in the region,
whereas for the calculation of social dissatisfaction at the
organizational level — the number of people
organization was taken).

in an

In this article the critical value of the proposed indicator is
accepted to be 0.33 and is based on the studies existing in the
field of research [20].

Social dissatisfaction does not present a threat up to a certain
point; however, there is a critical value of social
dissatisfaction the excess of which may lead to conflicts,
uprisings and wars. Oftentimes, the process of dissatisfaction

growth occurs slowly until there is a particular event that acts
as a trigger mechanism, causing frustration.

Using this approach, the authors of the study have designed
the information system of assessing social dissatisfaction
level, which includes the model of assessing income-based
social dissatisfaction and the model of complex assessment
of social dissatisfaction [19].

4. Results

The ISD index calculation.

As a result of this study, the ISD index has been calculated.
The calculations of social dissatisfaction in Denmark (Tables,
Figures) were performed by means of the method developed
on the basis of this study.

The primary data for ISD calculations in Denmark from 2000
to 2014 are presented in Table 1.

The primary data for ISD calculations in 2014 are presented
in Table 2. For a distortion exception in calculations of ISD
profitable groups, the population sum in which makes less
than 5% of total number, are excluded from basic data.

Table 1. Income distribution in Denmark from 2000 to 2014.

2000 2001 2002 2003 2004 2005 2006 2007
Less than 100.000 DKK. 844427 780897 745957 730919 704982 689273 659043 630426
100.000 - 199.999 DKK 1469440 1427671 1401434 1369822 1341642 1298201 1253612 1210393
200.000-299.999 DKK 1239598 1236595 1229550 1225271 1201291 1174888 1139549 1090086
300.000-399.999 DKK 460920 528423 578446 614494 667089 717916 779535 841419
400.000-499.999 DKK 149363 174209 189645 205565 226192 250671 285733 331407
500.000 - 749.999 DKK 103479 119649 127984 135293 148075 165190 187080 215209
750.000 - 999.999 DKK 23761 27591 28944 30511 33215 37466 42092 48560
1.000.000 - 1.999.999 DKK 16506 18725 19090 20319 22357 25996 30574 34312
2.000.000 - 2.999.999 DKK 2433 2688 2559 2655 3095 3894 4953 5501
3.000.000 - 3.999.999 DKK 904 907 864 883 1034 1361 1878 2057
4.000.000 - 4.999.999 DKK 411 411 416 426 522 688 940 1127
5.000.000 - 9.999.999 DKK 618 524 527 492 618 983 1474 1759
10.000.000 DKK and more 288 210 178 181 244 399 582 798

Table 1. Continue.

2008 2009 2010 2011 2012 2013 2014
Less than 100.000 DKK. 622421 646153 632267 631490 624245 628423 633764
100.000 - 199.999 DKK 1169127 1182478 1163349 1147841 1104763 1074944 1039558
200.000-299.999 DKK 1033802 1005939 999441 1002369 1031792 1054700 1057260
300.000-399.999 DKK 888960 889017 880824 886495 887883 889807 882036
400.000-499.999 DKK 384054 409112 433695 448547 467478 469896 500177
500.000 - 749.999 DKK 244822 250807 280688 294499 314783 334062 361283
750.000 - 999.999 DKK 53460 51903 62370 65547 70632 76333 82292
1.000.000 - 1.999.999 DKK 35783 32788 41006 43055 46797 50719 53927
2.000.000 - 2.999.999 DKK 5124 4009 5682 5903 6511 7313 7382
3.000.000 - 3.999.999 DKK 1730 1286 1934 2115 2315 2663 2697
4.000.000 - 4.999.999 DKK 906 584 912 947 1035 1227 1223
5.000.000 - 9.999.999 DKK 1365 880 1257 1434 1555 1761 1759
10.000.000 DKK and more 507 258 484 523 522 605 711
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Table 2. Primary data for ISD calculation in Denmark at 2014.

Average level of income

Population N,

N groups X ,»DKK persons f;
1 50000 633764 0,14
2 150000 1039558 0,23
3 250000 1057260 0,24
4 350000 882036 0,20
5 450000 500177 0,11
6 625000 361283 0,08
Table 3. ISD calculation in Denmark at 2014.
N 7] -5l e
1 0,14 0,09 0,05 0,22
2 0,23 0,18 0,05
3 0,24 0,23 0,01
4 0,20 0,23 0,03
5 0,11 0,18 0,07
6 0,08 0,08 0,00
Total 1,00 1,00 0,22
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Fig. 2. Frequency of empirical ( f; ) and theoretical (f,. ) distribution for

ISD calculation in Denmark in 2014.

Table 4. Inequality indices based on income in Denmark.

Years ISD Gini Index
2000 0,424 0,221
2001 0,380 0,221
2002 0,349 0,219
2003 0,325 0,222
2004 0,290 0,220
2005 0,253 0,223
2006 0,216 0,228
2007 0,354 0,225
2008 0,300 0,224
2009 0,292 0,228
2010 0,271 0,235
2011 0,259 0,238
2012 0,243 0,238
2013 0,235 0,244
2014 0,217 0,244

Besides the ISD values, the graph of the Gini index dynamics

is shown in table 4 and in fig. 3.
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Fig. 3. Inequality indices based on income in Denmark.

5. Discussion and Implications

Since 2000 to 2007, ISD decreased. In 2007 the index has
raised, as it is known in 2007 the world financial crisis has
begun'. During the period from 2007 to 2014 is also
observed the decrease of ISD. In spite of the fact that the
measure value in some years exceeds critical value,
manifestations of discontent of the population during the
researched period are absent. It can be explained with the fact
that excess of an index are extremely insignificant, and also
high level of living of all country
(http://catalog.fmb.ru/denmark2010-3.shtml). In Denmark
the highest average level of a salary among EU countries,
medical services are free. System of social security of
Denmark - one of the most developed in Europe. Living level
of people with the low income is also high and therefore the
reasons to discontent are little to cause national nervousness.

Gini Index in period from 2000 to 2014 increased
continuously, but very small (from 0.22 to 0.24). At the same
time in 2007, 2008, the index decreased, although at 2007
and 2008 GDP in Denmark was negative, other socio-
economic indicators also showed a state of crisis.

Therefore, ISD more accurately reflects the socio-economic
situation.

In general, both indicators (ISD and Gini Index) can
characterize social dissatisfaction levels in Denmark within
the period from 2000 to 2014 as low.

Thus, the comparison of the results of the scientific analysis
with the results of the theoretical and pilot experiments
showed that the indicator of social dissatisfaction in the
Denmark, calculated by means of the developed model, is
dependent on the events that occurred within the studied
period of time. The results can be characterized as adequate,
and therefore they allow the trends of social dissatisfaction to
be analyzed and the measures of conflict prevention to be
proposed.

1 Teasxurosa M. III. BiusiHre MHpOBOro (PMHAHCOBOIO KPH3HCA HA COCTOSHHE
9KOHOMUKH J[aHMM M HEpCHeKTHBBI ee JajbHeiiinero passutust // Moromoit
yuenslit. — 2010. — Ne3. — C. 137-143.
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6. Conclusions

As a result of the current research, the mathematical model of
assessing social dissatisfaction has been created for the
purpose of preventing conflicts. The integrated indicators,
proposed in this work, are free from political bias and
objectively reflect the role of the socio-economic situation on
a national and regional scale over a wide range of time.

The study uses the data from open sources issued by the
Federal Statistics Agency; the poll results have not been used
in the research. The social dissatisfaction assessment index
calculated for the Denmark can be used to measure the
probability of civil disorders or wars. The information system
that represents mathematical methods proposed by this study
can be used for the assessment of the socio-economic
development of the Denmark based on a set of key
indicators. This system may be employed by executive
authorities, in organizations of
governmental structures.

statistics or other
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