Vol. 133 (2018)

ACTA PHYSICA POLONICA A

No. 6

Proc. 13th Econophysics Colloquium (EC) and 9th Symposium of Physics in Economy and Social Sciences (FENS)
Determinants of Mass Poverty

in the Contemporary Global Economy

A. JAKIMOWICZ®* AND A.A. BAKLARZ?
¢Institute for Market, Consumption and Business Cycles Research — National Research Institute,
Al. Jerozolimskie 87, PL-02001 Warsaw, Poland
bFaculty of Management, University of Warsaw, Szturmowa 1/3, PL-02678 Warsaw, Poland

The concept of mass poverty was defined by Galbraith in late 1970s and it applies to societies with agriculture
as the dominant branch of the economy. This paper examines the importance of this phenomenon and factors
affecting it in the contemporary world. There are a growing number of studies supporting the claim that the
method of electricity consumption is a key factor of economic growth which makes it possible to escape mass
poverty. Moreover, in order to solve the problem, it is necessary to determine access to capital in such countries
and societies, understood as M2 aggregate. In this manner, the problem at hand is reduced to determination
of the relationships between the following variables: percentage of rural population, rules of managing electrical
energy and M2 aggregate. These findings were used to formulate three study hypotheses. According to the
first hypothesis, the effect of the electricity use method on M2 varies from one country to another, with several
identifiable patterns. According to the second hypothesis, the process of leaving the mass poverty sphere follows
either the Bose—Einstein distribution or the Boltzmann distribution. The third hypothesis indicates that effects
of efforts aimed at eliminating mass poverty in certain conditions are not permanent. Verification of these three
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hypotheses indicates the adequacy of the theory of mass poverty in the contemporary world.
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1. Introduction

The issue of poverty and the responsibility of wealthy
countries to tackle the problem remains the subject of a
lively debate among the top economists in the world [1-
6]. On multiple occasions, their proposed solutions
inspired international organisations to boost economic
growth in poor countries [7]. To initiate a discussion
on mass poverty, it is necessary to offer a proper clarifi-
cation of the ambiguous term. This paper uses the def-
inition provided by Galbraith who contends that mass
poverty is characteristic of agricultural societies [8]. Gal-
braith made his observations in years 1961-1963 during
his tenure as United States Ambassador to India. Ac-
cording to his definition, the percentage of rural popula-
tion can be regarded as an indicator of mass poverty in
a given country. Obviously, it is a simplified view and
there are other indicators referring to the number of peo-
ple living in deep poverty, such as the poverty gap ratio
at $1.25 a day (PPP) (%) [9]. However, it seems that in
terms of economy, most mass poverty-stricken countries
remain stuck on agriculture, which most of their inhabi-
tants rely on to earn their livelihood.

2. Power consumption and M2 money supply
as the crucial factors for determining the level
of mass poverty

In the words of the Russian economist Kondratieff,
economic growth is driven by waves of technological ad-
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vancements [10]. The current wave is linked to the de-
velopment of information and communication technolo-
gies [11]. The International Energy Agency reports that
global energy consumption doubled in years 1973-2014
(from 4,661 Mtoe to 9,425 Mtoe) [12]. Simultaneously,
the consumption of electrical energy nearly quadrupled,
which implicates in a significant shift in the manner of
consuming energy. Since late 1970s, causal relationships
between energy consumption and economic growth in dif-
ferent countries have been researched in the framework of
the Granger causality and the Toda—Yamamoto causal-
ity. Although the relationship between the electrical en-
ergy and the GDP has been proven, there is yet no sat-
isfactory confirmation of the relationship between total
energy consumption and the GDP [13]. As the impor-
tance of energy continues to gain recognition, some new
theoretical models consider energy consumption in the
Cobb-Douglas economic growth models [14]. This ap-
proach substantiates the claim that one of the key factors
in assuring economic growth, and thus overcoming mass
poverty, is a transformation of the economy to increase
the efficiency of electrical energy consumption.

Mass poverty is related to a deficiency in financial re-
sources which prevents people from satisfying even the
most basic human needs. In poor societies, any improve-
ment of living conditions requires cash, which allows peo-
ple to buy necessary goods. Therefore, the availability of
currency (understood as the real M2 aggregate) serves as
an indicator of the society’s wealth. In this case, the GDP
fails as an indicator of mass poverty as it includes rev-
enue from capital, which usually belongs to the wealthier
members of society, thus hampering the estimation of the
part of currency in circulation owned by the poor.

(1388)


http://doi.org/10.12693/APhysPolA.133.1388

Determinants of Mass Poverty in the Contemporary Global Economy

3. Classification of countries by the civilisation
of life indicator

In order to classify countries by their manner of elec-
trical energy spending, researchers created an indicator
of the civilisation of life, measuring the energy intensity
of an employed person (E¢):

EC country, year

electrical energy consumption g ,niry. year 1)

working populationcoumr% year

The research was based on data from years 1990-2011,
available at The World Bank website in the World Devel-
opment Indicators folder [15]. Two parameters were ob-
served over time: electrical energy consumption in kWh
and working population in the country. Energy intensity
was calculated for all countries in the database. More-
over, average energy intensity was calculated on the basis
of data aggregated for the whole world. The results were
converted with the use of a two-state function

fcountry, year+1 =

1 lf EC country, year+17EC country, year >

ECcountTy,year

E¢ world, year+1—FC world, year
E¢ world, year

i

(2)

71 lf EC country, year+17EC country, year <

E¢ country, year

Ec world, year+1—FC world, year

Ec world, year :
Then, an all-year total (X feountry) Was calculated for each
country. Eventually, a table with a single index includ-
ing the values from —22 to 20 was established for each
country. The distribution of values of the civilisation of
life indicator is presented in Fig. 1. The peak created
for the value of —15 refers to the so-called third world
countries, which developed slower than the world econ-
omy in the period under examination. It should be also
observed that the distribution of the proposed index does
not correspond to the Gaussian curve.
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Fig. 1. Distribution of data for the civilisation of life
indicator.

1389

A simplified classifier with values ranging from 0 to
3 was created for the established matrix. The classifier
0 group included 82 countries with the lowest X feountry
(e.g. Afghanistan, Tajikistan, Chad, Grenada, Rwanda,
Samoa), the classifier 1 group included 27 countries (e.g.
Benin, Colombia, Congo (Dem. Rep.), Haiti, Korea
(Rep.), the Kyrgyz Republic, Mongolia, Montenegro, Ro-
mania, Zambia), the classifier 2 group included 83 coun-
tries, and the classifier 3 group — 22 countries (e.g. China,
India, Indonesia, Portugal). Furthermore, the civilisation
of life indicator as at the beginning of the study period
(year 1990) was calculated for each country. The third
quartile of all values equaled 6.535 kWh /employed per-
son. The countries whose index fell into the fourth quar-
tile were labelled 1 as developed in terms of civilisation,
whereas the remaining countries were labelled 0.

Thereafter, the countries were divided into groups tak-
ing both classifiers into account. The spatial distribution
of countries, classified based on their civilisation of life
indicator, is presented in Fig. 2. A two-character label
indicates a country developed in terms of civilisation, and
the following character represents the dynamics of the in-
crease in electrical energy consumption. However, note
that group 10 includes only 3 countries (New Zealand,
Tajikistan, Uzbekistan), and group 13 — just a single
country (Iceland).

4. Relationship between M2 monetary aggregate
and electrical energy consumption
in different groups of countries

The civilisation of life indicator enables to classify the
world economy into country groups by assessing how
their electrical energy efficiency impacts on their real
M2 monetary aggregate. Almost all groups demonstrate
a statistically relevant, linear relationship between the
increase in currency accumulation and the manner of
electrical energy use. Group 10 is the only exception,
probably due to the lack of data on the supply of M2

TABLE I

Relationship between the M2 monetary aggregate and
electrical energy consumption in different groups of
countries.

Angular
Groups coefﬁme.nt Probability R?
(for electrical

energy)
0 0.344033 [3.18 x 101 {0.894448
1 1.70399 | 8.95 x 1078 | 0.768021
2 1.46535 | 9.48 x 107131 0.925601
3 1.92741 | 1.30 x 1072 [0.990307
10 (incomplete data) 1.83025 0.1434 0.103924
11 10.5722 | 1.94 x 1073 [0.936477
12 15.2200 |1.97 x 107%(0.936383
13 (one country) 1.21067 |5.73 x 107191 0.859311
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money for Uzbekistan in years 1990-1997 and for Tajik-
istan. Table I shows that an improvement in electrical
energy efficiency prompts an increase in the value of the
indicator measuring how efficiently the energy is used to
generate wealth (correlated with money supply — M2

&
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B Group 2
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Fig. 2.

5. The paradoxes of mass poverty
in selected countries

The relationship between the percentage of rural pop-
ulation and GDP per capita allows some conclusions to
be drawn regarding the impact of an average economic
growth in a country on the speed of generating wealth
among the poorest social groups (rural population). Si-
multaneously, it suggests that mass poverty is being com-
bated at an increasingly fast rate. The examples of In-
dia, China, or Brazil conclusively show that the increase
in GDP per capita (for a fixed money supply) is an in-
creasing function. The relationship is non-linear. The
increase seems to be a square function of time and could
even be an exponential function. On the other hand, the
decrease in the rural population percentage is essentially
a linear function with a negative slope.

The research indicates that societies leave the mass
poverty sphere following either the scheme of the Bose—
Einstein condensate formation or the Boltzmann distri-
bution. The former provides a good analogue for leaving
the sphere of mass poverty by individual families, while
the latter can be applied for larger population groups.

The Bose—Einstein condensate is one of the states of
matter [16-18]. It is formed of bosons cooled almost to
absolute zero, captured in a magneto-optical trap. In this
state, wave properties of atoms begin to prevail and all
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aggregate). Group 12 countries, thanks to their efficient
electrical energy use, generate as much as $15 from 1 kWh
(real value as in base year 2005). Group 0 countries
generate only $0.3 from 1 kWh per hour (real value as
in base year 2005).

Spatial distribution of countries as classified basing on their civilisation of life indicator.

particles making up the condensate have the same mo-
mentum and behave as one big particle. Particles are
cooled with the use of laser light, which makes it possi-
ble to get rid of high energy atoms. The latest studies
showed that condensate can also exist at room temper-
ature [19]. The phenomenon of leaving rural areas by a
population occurs in a comparable manner to the forma-
tion of this condensate, where the economic equivalent of
laser cooling is a decrease in family income to such a level
that it turns to the state of mass poverty. The formation
of the Bose—Einstein condensate is equivalent to adjust-
ment of some members of the family to living in poverty,
which — in Galbraith’s opinion — is an optimum solu-
tion in a hopeless situation. However, the adjustment is
never perfect and there are always people who will make
an attempt to migrate from the countryside to the ur-
ban areas. They can be compared to high energy atoms
escaping from the magneto-optical trap. The process of
a Bose—Einstein condensate formation can be presented
with the following function:

@ e

where the physico-economic interpretation is as follows:
Ny — the number of particles making up the conden-
sate/the number of members of the family stuck in ex-

NoEN—N:



Determinants of Mass Poverty in the Contemporary Global Economy

treme poverty in rural areas with no chances for finding
a way out of the situation, N — number of all particles
participating in the condensate formation/number of all
family members, N — number of higher energy particles
evaporated from the condensate/number of family mem-
bers who left the mass poverty state as a result of moving
from the countryside to the city, T'— condensate temper-
ature/income per family member preventing migration
from the countryside to the city and resulting in adjust-
ment to poverty, T, — critical temperature/income per
family member, above which migration from the coun-
tryside to the city is possible.

In accordance with known geographical settlement
models, migration from the countryside to towns gener-
ally follows the Bose—Einstein pattern. If a poor family
has any additional income, it could encourage the first
person of this family to move to urban slums. Another
income boost, and the person brings one member of his
or her family. Only after the whole family has moved
to the slums, can they think of improving their living
conditions.

Obviously, the Bose-Einstein condensation assumes
that the energy provided is quantifiable. The process
of generating wealth could be also described with the use
of the Boltzmann distribution in the conditions of ther-
modynamic equilibrium, which would not require making
the assumption. The Boltzmann distribution is an expo-
nential function

N; = Ne #/F /g, (4)
where the physico-economic interpretation is as follows:
N; — number of physical objects in i-th state/number
of social groups in the mass poverty state, N — number
of all objects/number of all social groups in a given so-
ciety, F; — energy of i-th state/total utility of available
basket of consumer goods in i-th social group, & — the
Boltzmann constant/marginal propensity to consume in
a given society, T — temperature/income per capita in
a given society, ¢ — partition function/average welfare
level in a given society.

Thus, the distributions are slightly different in nature.
The distribution of the Bose—Einstein condensation is ob-
served in very low energies of quantum states. Contrar-
ily, the Boltzmann distribution offers a statistics for large
numbers of particles. Therefore, the first one could of-
fer a microeconomic perspective of a family overcoming
mass poverty by moving to a city, and the other could
take a macroeconomic approach, describing the process
of overcoming mass poverty by a society as a whole.

Firstly, consider the rural population percentage as a
function of the whole world population (Fig. 3). The
function is decreasing. Therefore, one could infer that
the issue of mass poverty will gradually subside over time.
However, such a conclusion would be unfounded. The re-
lationship indicates only that the urban population grows
faster than the rural population.

In order to determine the type of distribution, it is
required to formulate a relationship which considers the
size of rural population and is not dependent on time
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Fig. 3. Rural population percentage as a function of
the whole world population (years 1960-2012).

(assuming that in less-developed economies the word ru-
ral is statistically synonymous to the word poor). GDP
per capita stands for ambient temperature. The charts
presented below, based on relevant time series, illustrate
the relationship

% rural population (time) = (5)
Function [GDP per capita (time) in current LCU].

The situation in India provides the most compelling ex-
ample of mass poverty. Observations made in this coun-
try led Galbraith to introduce this term in economics.
Equation (5) for this country is presented on a loga-
rithmic scale in Fig. 4. Undoubtedly, it brings to mind
the Boltzmann distribution, which intuitively seems cor-
rect: in no uncertain terms, the system (i.e. a household
against the whole country) is tiny and the quanta of the
money supplied are so small that they become indistinct
in big statistics. Even if the similarity is less marked in
the middle part, the chart still presents Pareto (power
law) distribution. If GDP per capita is high, the ru-
ral population percentage (a measure of mass poverty)
reaches its minimum in the equilibrium point. When
GDP per capita is low, the sizeable rural population is
conducive to exacerbating mass poverty.
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Fig. 4. Relationship of rural population percentage
(time) = Function [GDP per capita (time) in current
LCU] on a logarithmic scale for India.

For two other poorly urbanised countries, Burundi and
Bangladesh, Eq. (5) presented on a logarithmic scale
looks similar (Fig. 5). The equilibrium point where
mass poverty reaches its minimum level is characteristic
of a given country.
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Fig. 5. Relationship of rural population percentage
(time) = Function [GDP per capita (time) in current
LCU] on a logarithmic scale for Burundi and Bangladesh
(the lowest line, describing the case of India, is added
for comparison).

For some countries, the chart presents entirely different
results with a reversed slope direction. Those countries
include mostly former Soviet republics such as Uzbek-
istan, Tajikistan, and the Kyrgyz Republic (Fig. 6). In
those countries, the natural state of equilibrium was ar-
tificially disturbed. When they were a part of the So-
viet Union, huge construction projects of the socialist
regime forced an increased migration of rural population
to towns. After the dissolution of the Soviet Union, an
interesting phenomenon occurred. In terms of economic
growth, when the disturbance ceased, the countries re-
turned to their former optimum. Since 1991, people who
left the countryside have been going back, which indicates
that the socialist methods of combating mass poverty
failed to produce lasting results.

# Uzbekistan UZB
Rural population
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population)

y =0.007x + 1.8445
R?=0.9626
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log (GDP per capita)

Fig. 6. Relationship of rural population percentage
(time) = Function [GDP per capita (time) in current
LCU] on a logarithmic scale for selected former Soviet
republics: Uzbekistan, Tajikistan, and the Kyrgyz Re-
public.
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6. Conclusions

The civilisation of life indicator based on electrical en-
ergy consumption per employed person allows to divide
the global economy into eight groups of countries. In
every group, the electrical energy use has a different im-
pact on the real M2 monetary aggregate. The process
of overcoming mass poverty imitates the Bose—Einstein
distribution or the Boltzmann distribution. The former
takes a microeconomic approach as it describes overcom-
ing poverty in single households, whereas the latter puts
the same issue in a macroeconomic perspective encom-
passing the entire societies.

In some conditions, results of the fight against mass
poverty are not lasting. After the factors countering
poverty cease to exist, the situation spontaneously re-
turns to the long-term equilibrium resulting from local
conditions. The characteristic distribution for Uzbek-
istan, Tajikistan, and the Kyrgyz Republic indicates that
a fusion of those economies within the Soviet Union cre-
ated a new economic equilibrium with a decreased level
of mass poverty. However, even though this situation was
maintained for a relatively long period of time, the cru-
cial causes of mass poverty were not eliminated, which
led to a return to the original situation after 1991. It
could be inferred that huge construction projects of the
socialist regime served more of a political than economic
purpose. They had no material impact on the historical
and cultural causes of poverty, which confirms yet an-
other conclusion drawn by Galbraith, who claimed that
the equilibrium of poverty is very difficult to overcome
since poverty-stricken people tolerate their situation [8].
Their ability to adapt is not a sign of a character weak-
ness but their optimal solution. Poverty is cruel, but
an endless and futile fight against poverty is even worse.
The experience of the poor gathered over the centuries
taught them to accept poverty as something inescapable.
Therefore, their tendency to adapt becomes the best solu-
tion in a desperate situation. The only hope rests on the
fact that adaptation is never perfect, even in the poor-
est country in the world. Some people will always try to
escape mass poverty.
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