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STATISTICAL DEPENDENCIES OF INDICATORS
OF PHYSICAL WELL-BEING OF THE POPULATION
OF A BIOSPHERE-COMPATIBLE CITY

V.A. Ilyichev, N.V. Bakaeva, V.A. Gordon,
M.I. Afonina, A.A. Kormina

Background. In the near future, one should ensure a radical increase in the
comfort of the urban environment and its quality index and reduce the number of
cities with unfavorable living environments. The deterioration of the ecological
situation in many cities poses the task of developing new principles of urban life that
regulate the biosphere compatibility of cities and the development of human capital.

Purpose. The research aimed to identify the statistical regularities of the
population’s livelihoods in residential areas of Russian cities, depending on the
functional and spatial organization of these areas.

Materials and Methods. The theoretical basis of the research is the paradigm
of the livelihoods of bio spherically compatible cities and settlements that develop
humans and its following principles: (1) assessment of physical well-being and
progress in human development in the city, (2) satisfaction of rational human needs
with city functions, (3) implementation of social standards in public relations.

The practical methods used to solve the scientific problem were the methods of
correlation and regression analysis, used to identify statistical dependencies in various
municipal entities, mainly in large cities in Russia with high population density.

Results. Statistical data on the level of the population’s livelihood environment
and the results of providing social infrastructure objects in the process of
implementing public urban functions in 17 residential micro-districts in 15 cities
were analyzed. Based on the obtained data, a type of regression model was chosen,
and its parameters were numerically evaluated.
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Conclusion. The identified statistical regularities can serve as a characteristic
of the physical well-being of the population and be the subject of further scientific
discussion of the multifactorial processes of livelihoods in a biospherically
compatible city to achieve indicators of its comfort and safety.

Keywords: living environment; biosphere-compatible city; comfort; safety;
correlation and regression analysis, statistical dependencies
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Hayunast cratbst

CTATUCTUYECKHE
3ABUCUMOCTU MOKA3ATEJEN
OU3NYECKOTI'O BJATONOJNYYUSA HACEJIEHUSA
BUOC®EPHO-COBMECTUMOI'O I'OPOJA

B.A. Hnvuues, H.B. bakaesa, B.A. I'opoon,
M.U. Agponuna, A.A. Kopmuna

Obocnosanue. B 06o3pumom Oyoywem crnedyem obecneuums paoukaibHoe
nosvluenue KOMMOOpMHOCmU 20POOCKOU Cpedbl U UHOEKCA ee Kauecmed, COKpa-
MUMb KOIUYECmeo 20p0008 ¢ HeONA2ONOTYUHOU CPEOOU NPOACUSAHUS. VXyOueHue
9KON02UYECKOU 0OOCMAHOBKU 80 MHO2UX 20p00AX CMAsUmM 3a0aiy paspabomxu Ho-
6bIX NPUHYUNOG 20POOCKOLL HCUZHU, PESYTUPVIOUUX OUOCHEPHYIO COBMECMUMOCTIb
20p0008 U pazgumie 4en068eUecko20 Kanumaid.

Llenvro uccnedoganus AGUIUCL CIMAMUCMUYECKUE 3AKOHOMEPHOCMU JICU3-
HedesamenbHOCMU HACeNeHUs JCUNBIX Pationog 2opodos Poccuu, evisgnennvle
6 3a6UCUMOCIU OM QYHKYUOHANbHO-NPOCMPAHCMEEHHOU OP2AHUZAYUU IMUX
PpatioHos.

Mamepuanst u memoowvlt. Teopemuueckoll OCHOBOU UCCTIEO08ANHUSL AGNACCS
napaouema HcusHeoeamenbHoCmu OUoCHepHo-coBMecmuUMblX 20po008 U noceie-
HUS, pazeusarowjux uenogexa u ee ciedyiowue npunyunst: (1) oyenxu usuuecrkozo
O1a20NONYUUA U NPOSPecca 8 PazsUmuLL Yero6eKa @ 2opooe, (2) y008iemseopeHus
PAYUOHANLHBIX NOMPEOHOCMET YeN08eKAd (DYHKYUIMU 20pooa u (3) enedpenus co-
YUATLHBIX CMAHOAPMO8 8 00UjeCMBeHHbIe OMHOUIEHIS.
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Ipaxmuueckumu memoodamu 015 peuteHus NOCMAGIEHHOU HAYYHOU 3a0adu
ABNAIOMCA MEMOObl KOPPEIAYUOHHO20 U PESPeCcCUOHHO20 AHANU3A, UCNONb3YeMble
O GLIAGNEHUA CIMAMUCTNUYECKUX 3A8UCUMOCTEN 8 PA3TUYHBIX MYHUYUNATLHBIX
006pa3z08anUAX, NPEUMYWECBEHHO KPYNHbIX 20podax Poccuu ¢ évicokoil nnommo-
CMbIO HACENeHUS.

Pesynomamut. bvliu npoananu3uposanvl cmamucmuyeckue 0anHsie 00 ypogHe
€peobl AcuU3HEDeAMENbHOCU HACETeHUsL U Pe3yIbmamax obecnedeHus 0ovekmamu
COYUATLHOU UHPPACMPYKMYPbL 8 NPOYecce Peanu3ayuil 00U ecmaenHblx 2opoo-
ckux Qynxyutl 6 17 scunvix mukpopationax 15 ecopooos. Ha ocrose nonyuenHvix
OAHHBIX ObLI LLOPAH MUN PeSPeCcCUOHHOU MOOeNU U NPOBEOEeHA YUCLEHHAS OYEHKA
ee napamempoas.

3axniouenue. Buisignennvlie cmamucmuyeckue 3aKOHOMEPHOCTU MO2YN CJiy-
JHCUMD XAPAKMEPUCTIUKOU PUULECKO20 OAONONY YU HACENCHUS U ABATNCS NPeo-
Memom 0anbHelue20 HayUHO20 0OCYICOEHUS MHO2OMDAKMOPHBIX NPOYECCO8 JCU3HE-
desmenbHoCmu OUOCHEPHO-COBMECTIUMO20 20p00a 0I5t OOCIUNCEHUs NOKA3ameell
e20 Komgopmuocmu u 6e30nacHOCHu.

Knwoueswie cnosa: cpeda sncuznedesmenvnocmu, OuocghepHo-cosmecmumblil
20p0o0; Kompopm,; be3onacnocms, KOpperayuoHHO-peSpeccCUuoHHbII ananu3s, cma-
mucmuyeckue 3a6UcCUMocmu
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Introduction

One of the most important tasks of urban planning science is the task of
creating a comfortable and safe environment for city life. Solving this prob-
lem requires building new models and identifying patterns in the functioning
of urban elements of planning structures [1]. The quality of the urban environ-
ment (comfort and safety) includes residential areas and their infrastructure [2].
Residential areas are objects of urban development activities that determine
the ability of the urban environment to meet the vital needs of the population,
taking into account socio-economic and demographic prospects and human
development [10].

In urban planning, the comfort of the spatial environment is an objective
state and subjective perception. It corresponds to the system of needs, values,
ethical norms and cultural traditions that have developed at a given time, in a



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne4, 2023 433

given place, in a given society, which form an idea of what elements and proper-
ties of the spatial environment are necessary for a decent human existence [11].

Academician V. A. Ilyichev identified a comfortable and safe environment
for city life that meets modern challenges. Under his leadership, he formulated
the definition within a new scientific direction and a new paradigm of life (bio-
sphere-compatible city) at the Russian Academy of Architecture and Construc-
tion Sciences (RAACS). Biosphere compatibility of a city is a state of symbiosis
between a city and the surrounding biosphere. The city and its inhabitants are
developing positively, and the biosphere can develop naturally in this region
[7]. By a comfortable urban environment, we mean the living conditions un-
der which the harmonious development of a person (physical, material, and
spiritual) is achieved in unity with the natural environment of the city, taking
into account the public interests of all categories of the urban population. The
complex feature of objective and subjective living conditions of the population
determines the level of favorability and comfort of the habitat.

For the first time, a methodology for establishing causal relationships be-
tween the population of the region and the levels of many factors determining
the conditions of human development in a biosphere-compatible city was pro-
posed in the “Methodology for predicting indicators of biosphere compatibility
of urbanized territories” [8]. The proposed simulation procedure allows us to
assess the demographic situation as the primary indicator of the city develop-
ment, depending on environmental factors.

In the scientific study “Technologies for providing an environmentally safe
and accessible environment of a biosphere-compatible city for people with lim-
ited mobility,” E. V. Bruma developed a mathematical model for analyzing the
habitat of people with limited mobility as the least socially protected group of
the population today [9]. The researcher found correlations between the number
of people with disabilities in various morbidity categories and many ecological
and socio-economic factors. Therefore, it was possible to assess the dynamics
and build short-term forecasts of the development of the number of low-mo-
bility groups in the population [3]. In the same scientific work, considering
environmental factors, a model of the dynamics of the age structure of the pop-
ulation of an urbanized territory was constructed, and a forecast of the growth
of the disabled population was made. Research in the field of development of
population dynamics models has established that the current environmental
situation in the urban environment significantly reduces the quality of human
resources, leading to depopulation. This factor may be accompanied by aging
and disability of the population and an increase in the number of temporarily
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disabled people belonging to low-mobility groups [4]. In [5], mathematical
modeling of the dynamics and mutual influence of population size and envi-
ronmental factors was developed and considered. Nevertheless, the results of
the research obtained so far require the identification of patterns of formation of
comfortable living conditions, first of all, in the residential environment of the
city. It satisfies not only the material needs of the population but also cultural
and spiritual, for example, cognition, self-knowledge, and creativity.

In connection with the aspects mentioned above, the research aims to estab-
lish patterns of comfortable living conditions of the urban population, depend-
ing on the functional location of residential areas.

Materials and methods

The theoretical basis of this research is the paradigm and principles of the
life of biosphere-compatible cities and settlements that develop a person [14].

The correlation and regression analysis methods served as practical tools
for establishing statistical patterns of life of the population depending on the
functional location of residential areas of the city and providing conditions for
human development.

The research hypothesis was the following thesis — the infrastructure of res-
idential areas that implements the functions of a biosphere-compatible city is
an indicator of its comfortable and safe habitat and the physical well-being of
the population living in these areas.

The choice of factors influencing the studied indicators of a comfortable and
safe environment for a biosphere-compatible city is made based on a meaningful
analysis of environmental, socio-economic, and demographic conditions and
processes using statistical data and regulatory requirements of urban planning
design of residential areas. However, for all its apparent simplicity, the defi-
nition of such indicators in residential areas of modern cities contains several
problems that prevent an adequate assessment of indicators.

In the process of analyzing urban planning activities and assessing the com-
pliance of project documentation of residential neighborhoods with regulatory
requirements, as well as statistical reporting data of cities of the Central Feder-
al District, we have identified indicators of the vital activity of the population,
which can be attributed to the group of indicators of the physical well-being of
the population. The research utilized survey data from 17 residential areas in
15 different cities of Russia (Orel, Kursk, Belgorod, Ryazan, Tver, Bryansk,
Lipetsk, Moscow, Kaluga, Tyumen, Yoshkar-Ola, Kirov, Voronezh, Yelets, Tula)
with a population of two thousand or more up to 50 thousand people.
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At the initial stage of building statistical dependencies, we refine the list of in-
dicators that, in principle, can be included in the model. Their number can be signif-
icant. However, the model should not include more than one-third of the available
data to obtain reliable estimates. Paired and multiple correlation coefficients are
used to determine the most significant factors. The list of dependent (explicable)
factors of the habitat of microdistricts includes indicators of the physical well-be-
ing of the population, identified according to the Federal State Statistics Service:
Y, “Number of births in the last year” and Y, “Number of deaths in the last year.”

As independent (explanatory) factors, 50 indicators (X, — X ), were tak-
en, characterizing various components of the feasibility of city functions @,
provided that the significance of all city functions is the same. However, their
feasibility in residential areas is different. In particular, as the analysis of the
feasibility of city functions has shown, seven factors (X, — X)) relate to the liv-
ing conditions of the population and 22 factors (X, — X, ) — to the life support
systems of residential areas and reflect the feasibility of the city function “Life
support”; five factors (X,, — X, relate to the function “Enfertainment and
rest”; three factors (X, — X, ) — to the control system, i.e., functions “Power”;
four factors (X, — X, ) — to the educational function — “Knowledge”; one fac-
tor (X,,) — to the function of the city “Creativity”; three factors (X, - X)) — to
harmonize relations with the environment, etc. functions of the city “Connec-
tion with nature.” In addition, we considered the factors of environmental safe-
ty of residential areas due to emissions from mobile and stationary sources of
air pollution and the management of municipal solid waste (MSW) (X, — X ).
The factor of the so-called “mechanism of demographic reproduction” is the
indicator “Size of the population” (X)) [16].

The numerical values of the indicated explained Y, — Y, and explanatory
X, — X, factors were selected for each of the 17 microdistricts. Consequently,
the number of data sets is n=17.

The relationship between the dependent variable Y, (i=/-2) and the inde-
pendent variables X (j=1-50 is assumed to be linear as a function

Y=t (x,x,..x,)

According to the recommendationshto he included in the model for each
Y, it is necessary to choose m=5 (m < P 5 of the most significant fac-
tors from XJ

Essentially, it is necessary to construct and estimate the parameters of func-
tions of the form

Yi=a,*a,x, ta,x,+.. ta;x, (i=1+2),
where a,, a, (j=1+5)) are constants to be determined;
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x, are the five most significant explanatory factors for a given Y, obtained
by analyzing the values of the pair correlation coefficients r,., (k = I+ 50).

The dependence shows the average value of the Y. The variable will be if
the X, variables take specific values.

Analysis of the pair correlation coefficients. We calculated the coefficients
of pair and multiple correlations at this stage: six of them (r, ., ;10 -+ 7piys0)
300 coefficients of the form r, (i=1-2 u k=1-50) and a set of coefficients of
formr,, ., ..., 7y, Furthermore, while assessing the significance of the fac-
tors, their comparative assessment is made. Some of the factors are screened
out by analyzing the coefficients of pair correlation r,, and r

YmXn®

Results

The values of the pair correlation coefficients are in the range from -1 to +1.
Their positive value indicates a direct connection (with the calculation of one
variable, the other also increases). A negative value indicates the opposite (with
the growth of one variable, the other decreases). The closer the coefficient is to
1, the closer the relationship. The relationship is considered strong enough if
the correlation coefficient gives an objective assessment of the tightness of the
relationship only with a linear dependence of the variables.

Is included in the model those factors that are most strongly associated with
the dependent variable. In addition, one of the conditions of the regression mod-
el is the assumption of the linear independence of the explanatory variables X,
The close relationship between two independent factors is called collinearity.
The phenomenon of collinearity in the initial data is considered established if
the pair correlation coefficients between two variables are more than 0.7. In this
case, it is necessary to eliminate collinearity since there will be a cumulative
impact on each other. Thus, it will be impossible to assess the impact of each
factor separately. The stronger the multicollinearity, the less reliable the estimate
resulting from the model. One of the strongly related factors is excluded from
the model, and the next most important factor is included.

To identify the fact of collinearity, the matrix of the pair correlation coef-
ficients between the explanatory factors r,_is analyzed. As a result of the cal-
culations of all coefficients of pair correlation, selection of the most significant
explanatory factors for each Y, considering the strong relationships between the
explanatory and explicable factors, and excluding collinearity, statistical depen-
dence of the physical well-being of the population of a biosphere-compatible city
were obtained in the form of multiple linear regression equations for the factors Y,
“Number of births in the last year” and Y, “Number of deaths in the last year.”
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Y] = aOI +a11x5() + a21x4(’\’ + a31x24 + a41x34 + a51x3’ (1)
YZ = aOZ + a12x50+ a22x48 + a.?Zx.?O + a42Xl4 + aSleZ' (2)
Based on the results of the correlation analysis, it was found that the studied
indicator Y,, “Number of births in the last year,” is influenced by many explan-
atory factors of human life in residential areas, in particular:
* Population size, thousand people (x,,);
* Emissions of pollutants into the air from mobile sources, thousand tons
(x5

» Engineering protection of the territory and the level of environmental
safety (level of protection of premises from the accumulation of radon)
(x,);

¢ The area of the territories of the zones of mass short-term rest, m (x,,);

* Coefficient of building density (x,).

As the analysis of equation (1) has shown, the most significant impact on
the number of births is associated with emissions from mobile sources - vehi-
cles (x,,). Automobiles, as a means of transportation, are most widespread in
residential areas, which affects the state of the atmospheric air. The amount of
emissions directly determines the degree of impact on the population’s health
and its reproductive capacity. Environmental factors include ionizing radiation
of natural and artificial nature - factor (x,,).

With the help of the regression model was constructed (2), it was found that
the studied indicator Y,, “The number of deaths in the last year,” is influenced
by the following explanatory factors:

* Population number, thousand people (x,,);

* Emissions of pollutants into the air from mobile sources, thousand tons

()3

» Provision of facilities for institutions, organizations, and service enter-

prises (cafes, restaurants, bars) (x, );

* Housing affordability index (market value of housing, rubles / m?) (x,);

» Availability of infrastructure facilities of primary / daily services (med-

ical organizations) (x,,).

Discussion

The question of dynamics and cause-effect relationships of fertility remains
controversial due to its multifactorial nature. Experts often cite urbanization and
the quality of life associated with it among the factors that reduce the birth rate.
Numerous studies of demographers have shown that the birth rate among urban
dwellers is about one and a half times lower than in rural areas [16]. At the same
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time, experts draw attention to the dynamics of the urban lifestyle associated
with stress and rest (factors (x,,) and (x,,)), which leads to a decrease in the birth
rate and stimulates mortality. In addition, scientists, long before the emergence
of statistics and demography, established an inverse relationship between in-
come and fertility. In 1776, A. Smith noted the inverse relationship between the
number of children born and the social status of mothers [12]. In France in the
20th century, statistician Jacques Bertillon studied differential fertility (system-
atic differences in fertility rates between social groups). In 1980, he published
the results of a statistical study of differences in the birth rates of residents of
four European capitals (Vienna, Berlin, Paris, London), showing an inverse cor-
relation between the material standard of living and the birth rate [18].

Mortality is a demographic process that includes the entire set of deaths
over a particular time. The mortality rate determines the frequency (intensity)
of deaths in a population group during a certain period (usually a year).

The mortality rate depends on a combination of factors, among which there
are two main groups: endogenous factors associated with the natural aging of the
body, the characteristics of its physiology, genetics, psyche; exogenous factors, i.e.,
generated by the influence of the external environment — economic and social, and
the ecological situation and the level of development of hygiene and health care,
personal lifestyle. In countries with a low level of development, the role of an ex-
ogenous factor is abundant; therefore, there is a high level of infant and mortality.
In countries with a higher level of development, the influence of endogenous fac-
tors prevails; therefore, the maximum mortality rate moves to older age groups [6].

The main reason for the low life expectancy of the population in the Rus-
sian Federation is the high mortality rate of citizens of working age. Among
the total number of deaths, almost a third are citizens of working age. About 80
percent of them are men. Mortality from diseases of the cardiovascular system,
accounting for 55 percent of mortality from all causes, in Russia is 3—4 times
higher than in European countries. Among the causes of death at working age,
a significant proportion (over 30 percent) are external causes — accidental poi-
soning, suicide, murder, traffic accidents, and other accidents [17].

The infant mortality rate calculated according to the system in force in the Rus-
sian Federation, despite its decrease from 18 per 1000 live births in 1992 to 10.2
in 2006, is about twice higher than in developed European countries, Canada and
the USA (according to calculations following the recommendations of the World
Health Organization) [15]. The population’s mortality rate is based on indicators
that wipe out multifaceted demographic processes: population density, demographic
load, retirement and increased pressure on the working-age population, and more.
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The forms of leisure that contribute to a healthy lifestyle (physical culture,
sports, tourism, outdoor activities, and others) are underdeveloped. Even with-
out delving into the intricacies of demography, it is clear that this thesis looks
reasonable. We can say that the problems of the quality of life in modern res-
idential areas are in direct connection with socio-demographics [13]. Thus, it
indicates a direct relationship between life-supporting factors and the level of
fertility and mortality. This fact cannot be ignored when predicting the indica-
tors of the comfort of the living environment as a whole.

In addition to the identified factors, the mortality rate is also due to the high
incidence of the population, alcoholism, drug addiction, and tobacco smoking.
Often in residential areas, conditions have not been created that encourage peo-
ple to take good care of their health and their children’s health.

Conclusion

Based on the analysis of statistical material, the regularities of urban pop-
ulation factors were established depending on the functional location of resi-
dential areas in 15 cities of the Russian Federation. The revealed significance
of the statistical indicators of the physical comfort of residential areas is due to
the fact that they reflect the influence of numerous environmental conditions
on vital indicators and characterize the level of satisfaction of physical, spiri-
tual, and social needs of the urban population. As for the comfortable and safe
residential areas of modern cities, the function of a biosphere-compatible city
is a response to “human needs” through urban planning and design. In practi-
cal terms, the results of the study provide an opportunity to evaluate various
planning and design solutions in order to compare methods of improving the
structure of the city by one indicator — the degree human needs satisfaction.
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ernment program of the Russian Federation, “Scientific and Technological de-
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