MODELING AND FORECASTING
OF SOCIO-ECONOMIC PROCESSES

DOI: 10.15838/esc.2017.2.50.12
UDC 519.23, 330.46, LBC 22.172, 65.051

© Zhgun T.V.

Building an Integral Measure of the Quality of Life
of Constituent Entities of the Russian Federation
Using the Principal Component Analysis*

Tat’yana Valentinovna

ZHGUN

Yaroslav-the-Wise Novgorod State University

~ Veliky Novgorod, Russian Federation, 41, Bol’shaya Sankt-Peterburgskaya Street,
173003

E-mail: zhtv@mail.ru

Abstract. Social policy just like any other type of policy is an element of the management system. For
effective social policy it is necessary to know the trends and quantitative characteristics of social
development dynamics. The purpose for the research is to build an objective composite index to measure
and compare the quality of life in constituent entities of the Russian Federation. Such an index is
particularly useful in Russia which is undergoing the process of transformations amid increasing
social and economic inequality. Objective complex assessment of the quality of life can play a major
role in reducing such inequality in Russia. The author implements the algorithm of building a latent
integral characteristic of system quality change based on statistical indicators for a series of sequential
observations on the basis of principal components analysis given the measurement noise (SNR-based
algorithm). As opposed to the classic principal components analysis where the information capacity
of the calculated integral characteristic set a priori and is provided by selecting a number of principal
components, in the proposed algorithm the information capacity is estimated a posteriori, based on

variance criteria and the selected signal-to-noise ratio characterizing data variability. When building an
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objective indicator of the quality of life the author uses methods of multivariate analysis and thes

e
0%, ™

detection theory. With the use of the proposed algorithm the author builds integral indicators of the

quality of life of constituent entities of the Russian Federation in 2007—2014. It is concluded that an

objective approach is required when building the integral index of the quality of life for the subjects of

the Russian Federation. The proposed algorithm is resistant to the changes in input data. The method

can be used for assessing the quality of life in the territorial units of any level and for calculating integral

estimates of the quality change in any poorly formalized system.

Keywords: integral index, measurement error, quality of life, development, principal components

analysis, measurement error.

Introduction

Despite a rather solid record of research,
thus far there has not been developed any
generally accepted definition of “quality of
life”, any approach to its diagnosis based
on reliable, verifiable and reproducible
information base that helps take into account
the specific features of socio-economic system
functioning. This circumstance in fact is an
obstacle to the development of an effective
state regional policy. Meanwhile, a science-
based methodology for integrated assessment
of the population’s quality of life in Russian
regions should be considered as an effective
tool for identifying social issues, determining
priority areas and the scope and mechanisms
of state support aimed at narrowing the gaps
in the standards of living and improving the
quality of life in Russian regions.

In the early 1970-s, the UN Economic and
Social Council (CESNU) after generalizing
the experts’ proposals — sociologists’,
demographers’, economists’, environ-
mentalists’, etc. — prepared a strategy paper
for further development of mankind with
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one of the key provisions being the focus
on “the quality of life”. The previously
applied economic-centrist approach, where
ideas about the successful development of
the society were limited to the comparison
of economic growth parameters and the
population’s financial status, has now been
recognized as not quite correct, as there is no
direct dependence between macroeconomic
indicators and the level of life satisfaction
and the quality of life. Economic growth
does not eliminate automatically excessive
social differentiation, poverty, crime,
unemployment, but tends to reinforce these
problems.

In modern socio-economic concepts the
quality of life is a criterion of progressive
socio-economic social changes, the main
objective of social development. In 2004,
Russian President in his Address to the
Federal Assembly for the first time defined the
quality of life as a target criterion of the socio-
economic development of Russia'. Since then,

' Presidential Address to the Federal Assembly, dated
May, 26, 2004. Available at: http://www.consultant.ru/
document/cons_doc LAW 47851 (Accessed: 13.06.2016).
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| «eﬂxgﬁﬁmﬂlem of measuring and evaluating the
quality of life of the Russian population has
become one of the practical problems. In
subsequent years, top government officials?
in their speeches have repeatedly? stressed the
importance of focusing the socio-economic
policy on improving the population’s quality
of life. Today, the priorities and targets of the
government policy in social and economic
development are determined by “Main
activities of the Government of the Russian
Federation for the period up to 2018”4, This
document states that “the Government will
... ensure sustainable dynamic improvement of
the quality of life of the Russian population”.
When compiling system quality integrated
indicators, the variables presumably
determining the latent quality indicator are
aggregated according to the weights of
variables in the designated figure. There are
several approaches to compiling integrated
indicators. The subjective approach (an

2 Poslanie Prezidenta RF Dmitriya Medvedeva Fede-
ral'nomu Sobraniyu Rossiiskoi Federatsii [D. Medvedev’s
Presidential Address to the Federal Assembly]. Rossiiskaya
gazeta, 2009. November, 13, 2009. Federal issue no. 5038
(214). Available at: https://rg.ru/2009/11/13/poslanie-tekst.
html (Accessed: 13.06.2016).

3 Poslanie Prezidenta Vladimira Putina Federal’nomu
Sobraniyu RFot 12dekabrya 2012goda V. Putin’s Presidential
Address to the Federal Assembly, dated December 12, 2012].
Available at: Koncynsrantllitoc, contact@consultant.
ru(Accessed: 13.06.2016).

4 Osnovnye napravleniya deyatel’nosti Pravitel’stva
Rossiiskoi Federatsii na period do 2018 goda [Main
activities of the Government of the Russian Federation
for the period up to 2018]. New edition. Approved by
the Government of the Russian Federation May 14, 2015.
Sistema GARANT [Garant system]. Available at: http://base.
garant.ru/70309020/#ixzz4FKawUiEh (nara oGparieHus:
13.06.2016).
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approach “with the teacher”) uses expert
evaluations or the results of sociological
research to determine the importance of
indicators. The objective approach (the
approach “without a teacher”) defines the
weight coefficients of indicators without using
human preferences to assess the situation, but
applies the chosen formal method.

Compilation of integrated indicators
includes several stages where a decision must
be made: selection of the range of indicators,
methods of preliminary processing, method of
data aggregation (additive or multiplicative),
weight coefficients. However, the main
objection of opponents of integrated indicators
is the subjective nature of determining the
weights. Obviously, the measurement of
categories of social existence by subjective
indicators should be treated with extreme
caution. Presidential election in the United
States and Austria in autumn 2016, with all
opinion polls and expert evaluations showing a
compelling advantage of the losing candidate,
clearly demonstrate the limited applicability
of such methods.

International organizations are continu-
ously working on the improvement of methods
of compiling integral indicators [19—22]. In
2008, Organisation for Economic Co-
operation and Development (OECD) in
cooperation with Joint Research Centre
European Commission prepared a handbook
[11] which was the result of many years of

research in this area [19—22, 24] presenting to
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a wide range of stakeholders a set of technical
concepts helping researchers form composite
indicators. The author chooses the linear
convolution of indicators as the main method
of data aggregation, and factor analysis as the
main tool for compiling composite indicators.
The integral indicator value in this case is
determined by significant weights of the
selected main factors after rotation [15, 19,
20]. This technique is an alternative to the
method of compiling the integral index as a
projection on the first principal component
[1, 2, 14, 15, 18, 23, 25]. De facto, it is the
linear convolution as a way of aggregation and
a multidimensional analysis for determining
the weights of indicators that become standard
when compiling integrated indicators.
Unfortunately, Russian researchers do not
use methods of multivariate analysis for
compiling integrated indicators of the quality
of life. The most well-known methods for
evaluating the quality of life performed in the
all-Russian Research Institute for Technical
Aesthetics (VNIITE), Institute for Macro-
economic Research (IMEI) and the Central
Economics and Mathematics Institute at the
Russian Academy of Sciences (TSEMI RAS).
In the framework of the method proposed
by IMEI experts, the assessment of the quality
of life includes indicators of material and
social security and environmental conditions.
Nine indicators are used, which are first
unified (moved into the interval [0, 1]

according to the principle: “the more the
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adopted by the UN in compiling the Human
Development Index (HDI), and then
participate in a linear convolution with equal
weights [12, 13]. The VNIITE indicator of
the quality of life consists of separate objective
and subjective indicators [6]. The values of
variables are selected from data of Rosstat and
public opinion polls VtSIOM data, etc.). The
list of indicators is not fixed. Indicators are
unified and linear convolution is calculated.
The weights are determined by experts or
researchers arbitrarily. The techniques have
limited applicability because of the subjectivity
of choice of variables and weight coefficients.

The formal approach to the assessment of
the quality of life developed in TSEMI RAS
under the supervision of S.A. Aivazyan [1, 2]
is more popular. The choice of variables in
this technique is carefully substantiated;
the weights in the linear convolution are
determined by the algorithm based on
Principal Component Analysis (PCA).

But it should be noted that the method of
determining weight coefficients using
multivariate analysis (factor analysis and
PCA) can not be applied to compare objects’
characteristics in real-time mode, as even
with fixed methods of factor extraction and
rotation methods, multivariate analysis for
different system observations defines the
structure of main components and main
factors differently, which makes comparison

meaningless [7]. In the following works [3,
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;i;%]/ the integrated index is based on the
method of S.A. Aivazyan [1, 2]. Unfortunately,
integrated characteristics compiled in [3, 4,
10] are not resistant to changes in indicators
by year, so they cannot be considered quality.

The problem of calculating integrated
system characteristics

Consider the compilation of the integrated
system assessment of the m object for which
there are tables of n object descriptions for a
set of observations # = 1, ..., p — matrix
with mxn radius A4'= {aij }”/”: Numerical
characteristics of the system have been
subjected to pre-unification — putting the
variable values on the interval [0, 1] according
to the principle: “the more, the better”.
For each 7" point the vector of integrated
indicators is:

gl =4"w', (1)

where ¢’ = <qf qé, ,q,t,,>T — vector of inte-
grated indicators of t'" point,

w' = <w]’ Wy, ., W >T — weight vector of all
indicators for # point,

A" — the pre-processed data matrix for 7 point.

To compile the system quality integrated
indicator it is required to find out the weights
of w'indicators for each time point. For a fixed
t an integrated assessment is often recorded for
each of the object numbered 7 in the form of

additive data convolution with some weights:

n
g =X w;-a;;, i=1,2,..m ()
j=1
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Methods of multivariate analysis help
estimate the weight coefficients (2) without
using subjective information. The basic is an
assumption that the most informative for
estimating the integrated characteristics are
variables showing the greatest variability.
Coefficients of the first principle component
or factor weights after rotation serve as weight
coefficients. The principal component analysis
does not formally require the use of rotation,
but to ease the interpretation of components
it is recommended to use varimax rotation as a
standard approach [17], which increases large
and reduces small values of factor weights.
When calculating the integrated indicator
after rotation, significant loads of the selected
factors are involved in determining weight
coefficients, insignificant ones are zeroed [ 15,
20].

Integrated system characteristics with data
measurement noise

The researchers’ dissatisfaction with the
quality of compiled integrated indicators is
based not only on methodological problems
of compilation, but also on insufficient
data quality. Nevertheless, statistical data
containing inherent errors currently represent
the best estimates of real values existing in
social systems® [19].

Obtaining accurate object’s characteristics

based on a single measurement with inevitable

> Human Development Reports. 1990—2014. United
Nations Development Programme, 1990-2014. Available at:
http://hdr.undp.org/en/reports/ (Accessed: 13.06.2016).

Volume 10, Issue 2, 2017  Economic and Social Changes: Facts, Trends, Forecast



MODELING AND FORECASTING OF SOCI0O-ECONOMIC PROCESSES

unknown error is impossible. However, the
calculation of an unknown characteristic by a
series of such measurements is quite possible.
In particular, this objective is successfully
being solved by astrophotometry which defines
basic numerical parameters of astronomical
objects not by a single observation (image),
but by a series of noisy images. Using main
ideas underlying astrophotometry the author
reviews the compilation of integrated chara-
cteristics of the complex system quality change
as a solution to the problem of valid signal
detection in a series of observations, which con-
tains a description of the unknown parameter.
Any measurement, including statistical, is
inevitably related to the accuracy of the
measuring device, therefore the measuring
result unavoidably contains a random
inherent error. The compilation of integrated
characteristics of system quality change can
be considered as an objective of separating a
valid signal against the background noise with
multiple implementations of the measured
process. This task is similar to the problem of
digital image restoration corrupted by additive
white Gaussian noise. PCA helps highlight the
structure in the multidimensional data array
which has been successfully used for image
recognition and noise suppression.
Quantitative characteristics of a particular
system functionally associated with its
structural characteristics and working
conditions depend on signal-to-noise

ratio. This ratio is often used to quantify

Economic and Social Changes: Facts, Trends, Forecast

Volume 10, Issue 2, 2017

=N

the efficiency of signal detection’in
optoelectronic, automatic television systems,
means of control and diagnostics, etc.

SNR — signal-to-noise ratio — the ratio of
a signal (or rather, a sum of signal and noise)
to noise. The value can be calculated either as
a dimensionless ratio of signal amplitude
to noise amplitude SNR=A4,/ A4, , or in
decibels SNR (dB)=20-log,y(A,/ A4,).
This value most fully describes the signal
reproduction quality in television systems,
mobile communication systems, and
astrophotometry. In statistics, the inverse
value is a variation coefficient describing data
variability.

The choice of the threshold value of the
signal-to-noise ratio which helps distinguish
the signal against the background noise is
justified in [8]. Modern technical systems (and
a human eye) distinguish signal from noise if
the level of the system’s SNR is about 7 dB
(in dimensionless units — 2.2). This threshold
value is used in photometry of low-intensity
objects: when signals from dim stars are
recorded it is necessary that SNR exceeds 2.2.
This SNRE value = 2.2 will be used further
in this work as a threshold value, although it
is possible to consider a bi higher values. The
author notes that this value corresponds to the
45% or less variation coefficient.

Any result obtained on the basis of sta-
tistical data will contain a random inherent
error — standard deviation. The transition to

a different time point means changes in data,
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Figure 1. Eigenvalues of covariance matrix of variables for different observation points
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which, amid the unchanging system structure
are caused by both changes in the situation
and random errors. PCA based on different
eigenvector and values different for every time
point describes the unchanging structure of
the system. Consequently, the eigenvalues and
eigenvectors will serve as a signal which needs
to be detected from noisy data according to
available implementations. The assumption
that input data variation of eigenvalues have
a common trend is illustrated in Figure 1
which presents the eigenvalues arranged in
descending order for different observations.
The average value of the values under
review clearly demonstrates the trend (signal)
and its random deviation. It is the value

averaging that is used in astrophotography
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for noise suppression. The averaging is
based on assumptions that the nature of
noise is completely random. Consequently,
random deviations from actual data values
will continue to decline as the number of
observations increases.

Averaging for eigenvectors cannot be used
as they are detected by PCA defined accurate
to its direction, in contrast with the
eigenvalues determined uniquely. The
average factor weight value of variables
depends on vector direction and cannot
uniquely characterize the signal. Therefore,
based on eigenvectors calculated for different
observations (arranged in descending order of
eigenvalues) it is necessary to coordinate the

directions of eigenvectors to identify random
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and non-random components of these vectors
and determine coordinate values of non-
random variables.

The author does not consider a non-
random (i.e. significant) contribution of a
variable in the structure of the main
component as a greater value of the rotation
weight factor, like in factor analysis, but the
invariance of factor weight disturbances (for
different observations), the peculiar feature
of which is the value of signal-to-noise ratio
determined by the ratio of the average value
of a variable (signal) and standard deviation
(noise). If this ratio is above the threshold
value, the variable is considered non-random
and significant. If this ratio is not fulfilled, the
variable characterizes the noise component
of the signal and is not further considered.
To check this condition it is necessary to
coordinate the directions of eigenvectors
based on a criterion. After determining
the significant variables they, just like in
factor analysis, will be involved in further
observation, the insignificant variables are
zeroed. A detailed description of the algorithm
is presented in [7, 8].

Calculation of integrated indicators of fhe
quality of life

The author illustrates the algorithm for
calculating the integrated indicators of the
quality of life in constituent entities of the
Russian Federation. The choice of variables
and dividing them into blocks are beyond
the considered discussion. Therefore the
author can use the list of variables (7ab.
1) from the study by M.A. Isakin [5]. The
integral indicator of the quality of life is
calculated on the basis of three systems of
indicators reflecting the integrated categories
of the quality of life: the level of population’s
welfare, population quality and social quality.
The model of the integrated indicator of the
quality of life was developed by professor
S.A. Aivazyan [1, 2]. The author has used
a permanent set of 36 variables [5] for a
long time. The author replaces the missing
publicly unavailable data with similar to
them (highlighted in Table I). For example,
variables 36 and 37 replaced the missing
variable “number of suicides per 100.000
people”. All variable values are taken from
Rosstat reference books®.

¢ Regiony Rossii. Sotsial’no-ekonomicheskie pokazateli, 2015 (2008—2014): stat. sb. [Russian regions. Socio-economic
indicators, 2015 (2008—2014): statistics book]. Federal State Statistics Service. Available at: http://www.gks.ru/wps/wcm/
connect/rosstat_main/rosstat/ru/statistics/publications/catalog/doc_1138623506156. (Accessed: 10.02.2016).

Trud i zanyatost’ v Rossii, 2015 (2009, 2011, 2013): stat. sb. [Labor and employment in Russia, 2015 (2009, 2011, 2013):
statistics book|. Federal State Statistics Service. Available at: http://www.gks.ru/wps/wcm/connect/rosstat main/rosstat/ru/
statistics/publications/catalog/doc_1139916801766, (accessed: 10.02.2016).

Demograficheskii ezhegodnik Rossii, 2015 (2008-2014): stat. sb. [ Demographic yearbook of Russia, 2015 (2008—2014):
statistics book|. Federal State Statistics Service. Available at: http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/
statistics/publications/catalog/doc_1137674209312. (Accessed: 10.02.2016).
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Table 1. Variables for calculating the integrated indices of the quality of life

Block 1: Population’s welfare
1 Pre capita GDP-living wage ratio, units
2 Per capita income purchasing power relative to living wage, %
3 Share of people with incomes below living wage, %
4 The ratio of average income of the richest 20% to the poorest 20% (R\P 20)
5 Number of cars per 1 000 people
6 Share of families on waiting lists for housing, %
7 Total area of housing resources per resident (m%10 people)
8 Share of dilapidated housing, %
9 Public road density (km/10,000 km?)
Block 2: Population quality
10 Life expectancy at birth, years
11 Mortality rate, infant (per 1,000 live births)
12 Population growth rate, per 1,000 people
13 Deaths caused by communicable, parasitic diseases and TB per 100,000 people
14 Deaths caused by neoplasms per 100,000 people
15 Deaths caused by cardiovascular diseases per 100,000 people
16 Deaths caused by respiratory diseases per 100,000 people
17 Deaths caused by digestive system diseases per 100,000 people
18 Incidence of injuries, intoxication and other external causes per 100,000 people
19 Number of disabled people per 1,000 people
20 Incidence of congenital anomalies per 1,000 people
21 Specialists with higher education employed in economy, %
22 Labor force productivity (GRP per average annual number of employed in economy, thousand rubles/person)
23 Graduates from higher and vocational educational institutions per 1,000 people
Block 3: Social quality
24 Unemployment, %
25 Employers engaged in harmful and hazardous working conditions in the average annual number of employed
in economy, %
2% Number of employees injured at work resulting in death or loss of earning capacity for 1 or more days per 1,000
employees
27 Net migration per 10,000 people
28 Intentional homicides per 100,000 people
29 Incidence of intentional infliction of grievous bodily harm per 100,000 people
30 Incidence of rape per 100,000 people
31 Incidence of robbery and theft per 100,000 people
32 Incidence of larceny or embezzlement per 100,000 people
33 Number of registered with drug and substance abuse per 100,000 people
34 Number of registered with alcohol abuse per 100,000 people
35 Number of infected with TB per 100,000 people
36 Mortality from external causes per 100,000 people
37 Number of people with mental disorders per 100,000 people
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Missing data imputation is a vulnerable
point of the integral characteristics calculation
technique. A number of observations largely
eliminate this problem. Single missing values
are restored by linear interpolation of the
available neighboring values; if indicators
for a number of years are missing they are
supplemented by their average values by
federal okrug to which the reporting entity of
the Russian Federation belongs.

Further, the set of input variables is unified
by the following rules. If the initial indicator is
related to the analyzed integral quality feature
by uniform dependence, their putting to the
interval [0, 1] will transform the variables X;
for each time point of observation according

to the rule:

where s, = 0 if the optimal value of the /” index
is maximum and s, = 1 if the optimum value of j*
index is minimal, m, — minimum value of the j#
index for the whole sample (global minimum), M/
— maximum value of /” index for the whole sample

(global maximum).

In case where there is another optimal (not
minimum or maximum) index value, the

following formula is used:

opt

‘x..—x.

Y max((M ; —x ;% )(x ;% —m ;)
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Among the listed variables, variables-
5,7,9, 10, 12, 21, 22, 23 are related to the
calculated characteristic by the monotonic
increasing dependence, when the optimal j*
value is maximum. The remaining indicators,
except for variable 27, the optimal index value
is minimal. For variable 27 “net migration”
X = 0, /=27. The value corresponds to the
situation where the number of migrants from
the region coincides with the number of
entrants which, according to the author, is a
precondition for a better quality of life in the
region.

Table 2 shows the determination of
empirical eigenvalues as the average value of
eigenvalues of standardized data covariance
matrix for different observations of the first
block.

The determination of the 3rd empirical
principal components obtained by
determining significant and insignificant
variables of homonymous principal
components, is presented in Table 3. 1t is
necessary to maximize the sum SNR for all
variables, which is calculated as the ratio of
the calculated average value of factor weights
to standard deviation.

All together, 9 options need to be
considered, which maximize the calculated
SNR for each variable. If the signs of the first
variable are identical, the average value of
factor weights is maximum and the variation
of their values is minimal, consequently, SNR
for the variable is maximum. In this case there
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Table 2. Determination of empirical eigenvalues for Block 1

) Eigenvalues
Observation
1 2 3 4 5 6 7 8 9
2007 3.38 2.02 1.03 0.87 0.61 0.48 0.30 0.27 0.04
2008 3.41 2.07 0.95 0.87 0.65 0.48 0.29 0.22 0.05
2009 3.24 2.08 0.97 0.89 0.66 0.55 0.32 0.28 0.03
2010 3.25 1.98 1.14 0.82 0.67 0.49 0.33 0.29 0.03
2011 3.26 2.03 1.25 0.73 0.57 0.52 0.35 0.25 0.04
2012 3.30 2.00 1.30 0.73 0.60 0.48 0.34 0.21 0.03
2013 3.42 2.00 1.21 0.77 0.59 0.50 0.27 0.21 0.03
2014 3.43 2.15 1.27 0.65 0.51 0.47 0.28 0.20 0.03
Empirical eigenvalues 3.34 2.04 1.14 079 0.61 0.50 031 024 0.03

Table 3. Determination of the 3rd empirical principal component from Block 1

Coordination of directions of the 1st variable

3 Variables

Principal component 1 2 3 4 5 6 7 8 9
2007 -0.07 -0.10 0.26 0.38 0.08 -0.21 0.67 -0.28 -0.44
2008 -0.05 0.19 0.04 -0.14 -0.33 -0.18 -0.41 0.20 0.77
2009 -0.16 0.22 0.19 -0.06 -0.49 -0.20 -0.24 0.04 0.74
2010 -0.17 0.22 0.24 -0.06 -0.37 -0.25 -0.14 0.16 0.79
2011 -0.24 0.18 0.31 0.07 -0.23 -0.20 0.00 0.21 0.82
2012 -0.25 0.18 0.28 0.07 -0.40 -0.23 -0.03 0.17 0.76
2013 -0.20 0.17 0.20 0.01 -0.47 -0.17 -0.03 0.12 0.79
2014 -0.30 0.14 0.18 0.00 -0.38 -0.22 0.04 0.18 0.79
Average, m -0.18 0.15 0.21 0.03 -0.32 -0.21 -0.02 0.10 0.63
Standard deviation, s 0.09 0.10 0.08 0.16 0.18 0.03 0.32 0.16 0.43
SNR 2.10 1.47 2.51 0.22 1.76 794 0.06 0.61 1.45
Sum of SNR by line 18.13
Sum of SNR of the current variables 10.45

Coordination of directions of the 2nd variable

3 Variables

Principal component 1 2 3 4 B 6 7 8 9
2007 0.07 0.10 -0.26 -0.38 -0.08 0.21 -0.67 0.28 0.44
2008 -0.05 0.19 0.04 -0.14 -0.33 -0.18 -0.41 0.20 0.77
2009 -0.16 0.22 0.19 -0.06 -0.49 -0.20 -0.24 0.04 0.74
2010 -0.17 0.22 0.24 -0.06 -0.37 -0.25 -0.14 0.16 0.79
2011 -0.24 0.18 0.31 0.07 -0.23 -0.20 0.00 0.21 0.82
2012 -0.25 0.18 0.28 0.07 -0.40 -0.23 -0.03 0.17 0.76
2013 -0.20 0.17 0.20 0.01 -0.47 -0.17 -0.03 0.12 0.79
2014 -0.30 0.14 0.18 0.00 -0.38 -0.22 0.04 0.18 0.79
Average, m -0.16 018 0.15 -0.06 -0.35 -0.15 -0.19 017 0.74
Standard deviation, s 0.12 0.04 0.18 0.15 0.13 0.15 0.25 0.07 0.12
SNR 1.36 433 0.79 0.41 2.60 1.03 0.75 244 6.00

Sum of SNR by line 19.70
Sum of SNR of the current variables 15.37
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are two current variables for which SNR is
not less than the threshold 2.2 SNR value,
namely variables x, x,. The sum of ratios of
these variables equals 10.45. If the signs of the
second variable are identical (as well as 5th,
8th, and 9th), the sum od SNRs calculated
for the applicable variables will equal 15.35.
This option gives the maximum sum of
the calculated SNR values of the existing
variables. Thus, this empirical principal
component (EPC) contains four operating
(important) variables (highlighted dark in
Table 3): x,, x; x,, x, Factor weights of these
variables in EPC are determined by average
weights by year, other EPC variables are
zeroed (just like in factor analysis).

After defining all empirical principal
components there is the issue of their quantity.
PNA usually uses a traditional concept of
dispersion informational value which
determines the number of principal
components / used for calculating the

integrated characteristics.

Q+A+.+4 >0

L +A +.+ A4, ©)

Vo =

where 4, — i" eigenvalue of covariance matrix,
6 — threshold of informational value set a priori
(typically 55%). The number of selected principal
components should implement the ratio
(3). Approaches to assessing the number of
principal components according to the required
proportion of dispersion explained is always

formally applicable, but implicitly they assume
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that there is no distinction between “signa
“noise” and any pre-specified accuracy makes
sense. When dividing data into useful signal and
noise the specified accuracy loses its meaning
and it is necessary to re-define the concept
of informational value. Similar to dispersion
informational value according to (3) it is possible
to determine SNR informational value for the

selected empirical principal components N:

S11+S81 +..+ SN

V'SNR = Sr1+S8S»n+..+SN° @)

— sum of SNR values of the
—sum of SNR

where S,
operating variables of k" EPC, S
of all variables of k" EPC. In contrast to dispersion
informational value, SNR informational value
cannot logically reach 100%. The informational
value of the selected system of features is
determined by dispersion and SNR informational

values:
Y="Ys VSNR. (5)

The number of EPCs for calculating the
composite index should maximize the
informational value of the obtained solution,
defined by (5).

Table 4 shows all normalized (multiplied
by the square root of a corresponding
empirical eigenvalue) and direction-
coordinated EPC of Block 1. The target
weights vector is determined by summing
homogeneous variables of the number of
empirical principal components chosen

according to (5).
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Table 4. Empirical principal components of Block 1

EPC Ne Empirical eigenvalues Variables
1 2 3 4 5 6 7 8 9
1 3.34 0.8 0.9 0.82 -0.75 0.53 0.38 0.31
2 2.04 -0.27 -0.31 0.43 0.43 0.64 0.64 0.64
3 1.14 0.19 -0.37 0.18 0.79
4 0.79 0.31
5 0.61 0.34
6 0.5 0.43 -0.26
7 0.31 0.35 -0.12 -0.24 0.19
8 0.24 0.26 -0.2 0.12
9 0.03 0.14 -0.08 0.08
Weights vector 0.88 0.79 0.81 0.02 1.02 0.64 0.83 1.33 0.98
Table 5. Determination of informational value of the integrated index of Blok 1:
population’s welfare
Number of EPCs
1 2 3 4 5 6 7 8 9
Sum of SNRs of the k™ EPC 1022 | 576 | 197 | 113 | 79 | 10.7 | 209 | 16.5 | 100.5
Sum of operating SNRs of the k" EPC 101.4 | 55 154 | 4.2 3.4 49 | 165 | 108 | 95.7
Accumulated contribution, SNR informational value 099 | 098 | 096 | 092 | 09 | 0.88 | 0.87 | 0.86 | 0.88
Empirical eigenvalues 334 | 204 | 114 | 079 | 0.6 05 | 031 | 0.24 | 0.03
Accumulated contribution , dispersion informational value 037 | 06 | 0.72 | 0.81 09 | 094 | 097 1 1
Total informational value 037 | 058 | 069 | 0.75 | 0.8 | 0.82 | 0.85 | 0.85 | 0.88

Table 5 gives an example of determining
the informational value of the integrated index
of Block 1. When considering all 9 EPCs
informational value is maximum and equals
approximately 88%. Therefore, to calculate
the integrated index of this block it is necessary
to use all of EPCs. The more variables describe
the system, the smaller their relative number
involved in the compilation of the composite
index. The author selects 11 EPCs out of 14
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for Block 2, 10 EPCs out of 14 for Block 3.
(In another case, 21 EPCs were selected in the
system described y 51 variables).

The weight of blocks is determined in
proportion to the calculated operating SNR
values of this block (7ab. 6), which is similar
to that of the proportional strength of the
received signal. Block 3 “Social quality”,
which contains 14 variables is less important

than Block 1 “population’s welfare”, which
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has 9 variables. Block 2 “Population quality”,
which includes 14 variables is the most
significant. The significance of population
quality is higher than that of population’s

welfare and social quality.

Table 6. Block weights

Block 1 2 3
Sum of operating SNRs 307.4 397.7 254.3
Block’s weight 0.32 0.41 0.27

Appendix provides the calculated integrated
indices of the quality of life of constituent
entities of the Russian Federation in 2007—
2014 taking into account the block weights
defined in Table 6. The author presents

integrated index according to the international

practice are normalized relative to values of
2007. The “zero” value has minimum value
of the integrated index of the quality of life
(ITQL) for 2007 (for Republic of Tuva), 100
is the maximum IIQL value in 2007 (for
Moscow). Different Federal districts (FD)
are highlighted.

Figure 2 demonstrates the consistency of
the technique: it shows changes in the
calculated IIQL for some constituent entities
of the Russian Federation. The ratio of
the calculated characteristics matches the
expected figure: Moscow shows indisputable

Figure 2. Integrated characteristics of the quality of life of some constituent
entities of the Russian Federation for 2007-2015
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and the Moscow Oblast are almost equal

in terms of the quality of life, but differ
significantly with the capital city, Novgorod
and Pskov are the outsiders (not only among
the mentioned subjects, but in Russia
generally).

Consistently, the highest IIQL indices on
the entire interval of observations are
demonstrated by regions of the North
Caucasian Federal district. It should be
noted that 20 indices out of 37 reflect
human physiological well-being, which
explains (together with the peculiarities of
national statistics) the outstanding figures in
the republics of North Ossetia, Ingushetia,
Chechnya, Dagestan, etc. In these regions
risk of illnesses, deaths or criminal violence
is lower; the population is not much involved
in the process of social production. Life
expectancy in Ingushetia is the highest in
Russia and, in particular, it is 10 years higher
than in the Novgorod Oblast. Taking into
account this fact, low GRP and high level of
unemployment in the regions of the North
Caucasian Federal district do not seem very
significant when evaluating IIQL — it is more
preferable to live longer and work less rather
than vice-versa.

Table 7 shows the average rating for the
whole observation period for groups of leaders
and outsiders by IIQL. These groups vary
slightly by year. The leaders are Moscow,
Saint Petersburg, republics of the North
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Caucasian Federal district, the Khanty-Mansi
and Yamalo-Nenets Autonomous okrugs,
Republic of Tatarstan, and some southern
regions: the Belgorod, Voronezh, Rostov
oblasts, and Stavropol Krai. The last on this
list are mostly the regions of the Siberian and
Far Eastern Federal districts — 14 entities
out of 20 listed, two from the Northwestern
Federal district (the Novgorod and Pskov
oblasts) and the Volga Federal district (Mari
El Republic and Perm Krai). The very last
position is permanently occupied by the
Republic of Tuva.

Table 8 presents the characteristics of the
calculated indices of the quality of life for the
whole observation period and the forecast for
2015. The highest differentiation in the quality
of life is observed in the Siberian (dispersion
coefficient — 29.3) and the Far Eastern
Federal districts (dispersion coefficient — 22)
with predominant resource-based economy,
the lowest — in the North Caucasian Federal
district (dispersion coefficient — 7.8). In all
Federal districts, the average value of the
integrated index of the quality of life during
the period under review increased (which is
also confirmed by subjective feelings), and
differentiation decreased.

However, the differentiation of constituent
entities remains significant (7ab. &), and to
overcome it is required to make right
management decisions.

It is interesting to compare the obtained

IIQL values with the results obtained in
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Table 7. Leaders and outsiders by integrated index of the quality of life for 2007-2015

No. RF constituent entity Average rating RF constituent entity Average rating
1 Moscow 1.00 Khabarovsk Krai 63.67
2 Republic of North Ossetia-Alania 2.56 Novgorod Oblast 65.67
3 Saint Petershurg 3.78 Ivanovo Oblast 66.00
4 Belgorod Oblast 4.33 Republic of Khakassia 67.00
5 Moscow Oblast 5.78 Primorsky Krai 67.33
6 Republic of Ingushetia 7.67 Magadan Oblast 68.22
7 Kabardino-Balkar Republic 7.67 Altai Krai 68.44
8 Republic of Tatarstan 8.44 Mari El Republic 69.89
9 Khanty-Mansi Autonomous Okrug — Yugra 8.56 Perm Krai 70.67
10 | Yamalo-Nenets Autonomous Okrug 9.11 Kurgan Oblast 71.56
11 | Krasnodar Krai 11.44 Pskov Oblast 71.78
12 | Chechen Republic 11.56 Kemerovo Oblast 75.33
13 | Karachay-Cherkess Republic 13.78 Zabaykalsky Krai 7711
14 | Stavropol Krai 14.78 Republic of Buryatia 77.44
15 | Republic of Adygea 15.11 Chukotka Autonomous Okrug 78.33
16 | Republic of Dagestan 15.44 Amur Oblast 78.44
17 | Lipetsk Oblast 17.00 Republic of Altai 78.56
18 | Murmanks Oblast 17.44 Irkutsk Oblast 79.11
19 | Voronezh Oblast 19.89 Jewish Autonomous Oblast 82.00
20 | Rostov Oblast 20.22 Republic of Tuva 83.00

Table 8. Characteristics of indices of the quality of life by federal districts

The whole observation period 2014
Federal distric Average value Stapdgrd Dispgrsion Average value Stapdgrd Dispgrsion
deviation coefficient, % deviation coefficient, %

Central 69.6 13.8 19.9 76 1.4 15

Northwestern 63.9 12.5 19.6 711 8.6 12

Southern 68.4 10.6 15.4 74.9 9.3 12.5
North Caucasian 79.4 6.2 7.8 84 5.4 6.4
Volga 64.2 9.6 15 69.5 7 10.1
Ural 68.6 11.6 17 72.4 12.2 16.8
Siberian 49.8 145 29.2 55.2 12.2 22.2
Far Eastern 52.3 11.5 22 59.3 9.7 16.4
Russia 64 14.8 232 69.8 12.6 18.1
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using the method proposed by S.A.

Aivazyan. The authors of [10] believe that
“rating compiled using this method helps
determine the socio-economic policy
priorities at the regional level”. However,
careful examination of the obtained results
is puzzling. Stavropol ranks 76", which is
close to Tuva with higher rating — 75. The
Leningrad oblast with a 63 rating is located
between Zabaykalsky Krai region (62),
Sakhalin (64), Kalmykia (65) and Yakutia
(66). The neighboring Novgorod and Pskov
oblasts with the similar situation have a
dramatic gap in estimates: 29 for Novgorod
and 53 Pskov. Among the regions of the
Northwestern Federal district the Leningrad
oblast ranks last. Assessments of constituent
entities of the Northwestern Federal district
seem extremely doubtful; the integrated
characteristic cannot be called reliable, it
is impossible to correctly “determine the
socio-economic policy priorities at the
regional level” on its basis.

The source of poor quality of the
calculated characteristics may be, in
particular, initial data precision which is not
taken into account by the traditional method
of principal components. The integrated index
presented in the current study of resilient
relative to input data and is free from gross

errors similar to those described above.
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Conclusion

The paper reviews the compilation of
latent integrated characteristics of changes in
the quality system based on recorded statistical
measurements. Based on the algorithm of
compiling integrated characteristics with
identifying non-random components of
principal components which characterize
the structure of the reviewed system the
author identifies the integrated index of the
quality of life in constituent entities of the
Russian Federation in 2007—2014. During
the period under review, the quality of life
in all regions improved, the differentiation
within the districts decreased. However, the
differentiation of constituent entities and
federal districts in Russia remains high and in
order to overcome it, it is necessary to make
right management decisions.

The proposed method can be used to
calculate integrated estimates of changes in
the quality of any socio-economic system,
including calculation of the integrated
assessment of the quality of life of constituent
entities and municipal formations of the
Russian Federation. The results of applying
the method of compiling integrated
characteristics of quality system changes
should be further analyzed using broad
social system measurement base recorded by
Rosstat, rather than ion terms of a limited set

of qualitative input variables.
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Integrated indices of the quality of life in constituent entities
of the Russian Federation in 2007-2014 (estimates for 2015)

No. RF constituent entity 2007 | 2008 | 2009 | 2010 | 2011 2012 | 2013 | 2014 | 2015
1 2 3 4 B 6 7 8 9 10 1
1 | Belgorod Oblast 75.9 79.3 83.7 83.8 86.5 92.0 93.3 93.7 94.8
2 | Bryansk Oblast 511 53.0 59.9 574 60.8 64.8 65.6 66.1 66.4
3 | Vladimir Oblast 50.3 54.9 61.2 60.3 63.8 66.3 68.0 65.6 65.0
4 | Voronezh Oblast 63.9 65.4 68.9 67.9 73.5 79.5 80.3 80.6 79.6
5 | Ivanovo Oblast 443 49.7 514 49.8 54.5 58.4 61.5 61.5 60.1
6 | Kaluga Oblast 56.9 60.3 65.9 64.6 70.5 72.7 73.4 74.6 75.0
7 | Kostroma Qblast 53.0 54.2 58.7 58.2 60.0 65.9 68.6 68.9 704
8 | Kursk Oblast 55.9 60.8 66.3 68.3 69.8 75.7 78.2 76.6 77.8
9 | Lipetsk Oblast 66.7 66.4 714 715 75.3 78.9 81.5 82.3 81.0
10 | Moscow Oblast 70.2 75.9 83.5 84.1 88.8 91.3 92.5 91.6 92.0
11 | Oryol Oblast 57.2 62.7 66.4 63.4 69.9 725 75.7 75.1 76.3
12 | Ryazan Oblast 571 62.4 67.8 66.8 7.7 73.4 774 75.7 75.8
13 | Smolensk Oblast 451 50.2 56.3 55.0 61.0 64.2 68.8 69.5 712
14 | Tambov Oblast 58.8 62.0 65.3 65.2 68.0 69.8 747 721 73.3
15 | Tver Oblast 42.3 46.0 52.9 50.4 56.4 61.2 64.8 63.7 65.6
16 | Tula Oblast 44.0 494 58.0 58.0 63.8 67.0 66.6 68.4 68.1
17 | Yaroslaavl Oblast 54.7 59.8 66.4 63.6 68.2 69.6 71.9 77.2 77.6
18 | Moscow 1000 | 1006 | 1044 | 104.4 | 107.3 | 1076 | 109.7 | 1054 | 105.9
19 | Republic of Karelia 48.9 52.5 57.2 53.0 59.2 61.9 66.3 63.8 65.8
20 | Komi Republic 49.8 52.8 56.9 55.3 61.3 64.4 67.6 67.8 70.4
21 | Arkhangelsk Oblast 49.3 53.0 59.0 54.5 60.2 63.1 63.5 65.6 66.4
22 | Nenets Autonomous Okrug 38.0 50.7 55.1 50.9 57.3 66.5 62.9 7.5 68.6
23 | Vologda Oblast 53.6 54.9 57.2 52.1 58.6 63.3 66.7 69.1 71.6
24 | Kaliningrad Oblast 60.3 61.5 69.4 70.0 76.5 80.2 81.1 7.7 79.3
25 | Leningrad Oblast 48.6 53.4 64.1 60.6 66.8 70.8 72.6 73.9 74.2
26 | Murmansk Oblast 67.2 68.3 73.2 75.8 74.5 77.7 82.6 77.5 79.0
27 | Novgorod Oblast 40.4 42.3 52.7 49.0 54.5 60.3 61.7 63.4 63.7
28 | Pskov Oblast 394 39.2 47.5 43.4 50.0 52.9 58.1 61.3 64.2
29 | Saint Petersburg 76.3 78.8 85.1 83.0 89.5 92.3 94.5 90.7 92.1
30 | Republic of Adygea 60.8 64.9 729 711 79.3 83.2 85.4 84.9 83.5
31 | Republic of Kalmykia 47.6 51.2 56.4 49.4 57.7 61.2 62.5 62.4 62.4
32 | Krasnodar Krai 67.8 7.2 78.6 76.3 77.4 82.5 86.3 84.9 85.3
33 | Astrakhan Oblast 47.3 51.2 57.2 54.8 59.9 63.3 67.9 67.7 69.2
34 | Volgograd Oblast 59.9 61.5 63.2 62.6 64.8 65.7 69.1 70.9 72.6
35 | Rostov Oblast 63.1 66.2 71.6 70.1 71.8 76.1 78.8 78.5 80.6
36 | Republic of Dagestan 68.8 71.0 72.4 73.0 77.4 79.2 78.6 81.3 82.5
37 | Republic of Ingushetia 81.3 86.2 83.8 81.6 81.4 84.7 86.6 80.2 83.0
38 | Kabardino-Balkar Republic 76.2 82.3 81.4 79.5 81.3 84.2 85.8 84.6 87.3
39 | Karachay-Cherkess Republic 69.2 72.9 76.5 74.9 76.6 79.0 82.2 82.1 84.4
40 | Republic of North Ossetia-Alania 83.6 81.7 86.3 87.5 88.5 93.4 941 95.7 96.7
41 | Chechen Republic 74.6 77.9 80.4 81.9 79.4 78.7 81.6 83.0 79.6
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End of Appendix
42 | Stavropol Krai 67.4 69.3 72.4 74.6 77.0 80.9 85.3 80.8 81.2
43 | Republic of Bashkortostan 64.0 66.4 69.1 67.4 7.3 73.3 751 72.2 72.6
44 | Mari El Republic 41.8 43.2 52.3 47.3 51.2 54.5 57.7 61.4 61.6
45 | Republic of Mordovia 61.0 64.0 66.3 65.5 67.7 69.8 71.6 72.3 .7
46 | Republic of Tatarstan 721 74.8 78.0 78.0 81.6 86.0 87.2 85.2 86.4
47 | Udmurt Republic 47.8 51.5 57.3 57.8 61.7 66.0 68.1 63.1 64.3
48 | Chuvash Republic 47.0 50.2 57.0 52.8 57.7 61.5 62.6 63.9 64.8
49 | Perm Krai 404 445 48.2 46.6 51.8 56.5 60.4 60.4 62.2
50 | Kirov Oblast 46.8 49.3 55.4 51.5 56.0 59.1 61.6 64.2 64.3
51 | Nizhny Novgorod Oblast 52.2 57.1 63.5 62.6 68.2 71.6 75.3 74.6 74.4
52 | Orenburg Oblast 52.6 53.7 58.6 58.5 61.1 63.4 65.6 63.7 63.5
53 | Penza Oblast 61.5 64.1 69.4 67.8 727 78.1 78.2 75.1 75.5
54 | Samara Oblast 64.9 64.8 64.4 65.3 69.1 725 71.8 73.8 72.3
55 | Saratov Oblast 59.8 63.0 65.4 65.9 67.7 71.0 73.8 734 73.8
56 | Ulyanovsk Oblast 57.5 61.3 65.4 63.1 66.6 71.9 70.7 70.2 69.9
57 | Kurgan Oblast 446 | 457 | 497 | 480 | 519 | 541 | 561 | 542 | 54.2
58 | Sverdlovsk Oblast 57.6 58.8 60.7 62.2 64.1 66.8 70.9 71.3 72.2
59 | Tumen Oblast 64.0 66.4 66.6 70.2 75.1 78.5 734 71.6 69.2
60 sﬂgf;y"\"a”s' Autonomous Okrug =1 7,4 | 765 | 700 | 781 | 813 | 848 | 866 | 852 | 864
61 | Yamalo-Nenets Autonomous Okrug 711 76.2 80.9 78.3 7941 81.1 85.9 86.5 89.0
62 | Chelyabinsk Oblast 56.4 58.7 61.6 60.6 63.1 64.5 68.0 65.9 68.2
63 | Altai Republic 37.8 38.6 40.4 394 45.3 4384 48.3 49.6 494
64 | Republic of Buryatia 37.3 379 425 42.8 453 48.9 54.9 50.7 52.4
65 | Tuva Republic 0 6.7 9.8 8.1 14.8 14.0 20.5 249 26.8
66 | Republic of Khakassia 47.7 48.8 50.5 50.8 52.4 53.3 59.0 60.2 63.1
67 | Altai Krai 46.3 49.3 51.8 48.2 53.2 54.8 58.6 55.6 56.0
68 | Zabaykalsky Krai 34.8 37.3 45.7 40.0 46.0 48.6 50.3 54.7 55.7
69 | Krasnoyarsk Krai 52.7 53.6 55.2 55.5 59.2 61.2 63.1 63.3 64.7
70 | Irkutsk Oblast 384 39.4 39.2 384 41.2 453 46.2 46.5 48.2
71 | Kemerovo Oblast 38.8 41.9 453 39.8 46.2 49.1 53.1 53.2 57.0
72 | Novosibirsk Oblast 52.5 57.1 61.0 61.7 65.2 67.3 69.5 69.1 69.3
73 | Omsk Oblast 53.6 57.9 61.3 61.9 67.3 68.2 66.1 64.2 63.1
74 | Tomsk Oblast 61.3 61.1 61.8 63.7 68.2 70.2 72.6 70.5 711
75 | Sakha (Yakutia) Republic 55.9 54.0 57.7 55.8 60.8 64.3 67.0 69.7 70.9
76 | Kamchatka Krai 59.2 62.3 66.4 63.1 64.8 69.0 719 711 732
77 | Primorsky Krai 414 451 51.9 50.9 52.6 57.7 58.9 61.4 63.2
78 | Khabarovsk Krai 44.2 45.9 52.5 52.1 54.6 60.0 63.3 60.9 63.8
79 | Amur Oblast 35.6 33.9 38.6 36.6 39.9 455 52.8 55.5 58.2
80 | Magadan Oblast 40.6 38.6 50.5 48.9 57.3 57.8 64.1 60.4 61.3
81 | Sakhalin Oblast 45.2 47.0 51.0 514 55.6 58.2 64.5 64.2 66.1
82 | Jewish Autonomous Oblast 26.3 32.3 34.6 31.2 31.8 38.0 42.2 39.4 441
83 | Chukotka Autonomous Okrug 32.2 40.7 44 1 34.2 48.7 47.8 45.8 51.1 52.0
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