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Abstract

The article covers the main approaches to current sample population survey on quality of life problematic in regional and
municipal dissection. A block scheme is suggested for the system of indicators of current population survey on the aspects of:
demographics and social sphere; environment and healthcare; labour resources; welfare and consumer prices; production and
infrastructure. An algorithm of current population sample survey is developed in connection with operative monitoring of
regional development core indicators. The statistical instrumentary of multivariate analysis of sample population survey results
is suggested, with the listed parameter inputs for the methods applied. For the multivariate analysis the results of hierarchical
cluster analysis are presented as to define the population classes within the sampling; at the next stage the k-means
clusterization was applied to form the clusters, after which the most significant differentiating indicators are listed with the
descriptive statistics for the clusters. There are then defined the opportunities of applying “Random forest” modeling methods
for the purposes of classification of the population among the obtained clusters, and the test data were used to construct and
probate the “random forest” model for further surveys. To reveal the main factors defining the life quality, a factor analysis was
carried out using the maximum likelihood procedure.

Keywords: current population survey for life quality, multivariate analysis, regional analysis

1. Introduction

Being one of the priority goals of the Government of Russia policies, the relevance of statistical study of population life
quality is increasing within the conditions of unstable social and economic development of regions.

The development of operative regional monitoring in Russia, the focusing of attention to the stability and efficiency
of separate regions of Russian Federation development, is defined by the necessity of all-side development and integrity
of the country’s economy within regional dissection. The territorial peculiarities of Russian Federation, evidently, define
the need for concentrating on financial and economic state of each region, and its role in country’s economy functioning
in total. The effective planning of a region’s activity thus requires a system of indicators for prognostication and early
detection of macroeconomic indicators risks and the rise of a situation of financial stress within a Russian Federation
territorial subject, with the account of regional peculiarities. A certain tendency for global economy decline in Russia,
conditioned by the geopolitical situation, has revealed a set of problems in modeling the financial stability of the RF
regions, reflecting their specifications.

Additionally, the tasks being presently solved by the Ministry of economic development concerning the details of
macroeconomic indicators and their aggregation on municipal level, allow to give a more precise estimation of population
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life quality in a region, reveal the more concrete reasons underlying the current situation.

Within these conditions the planning of economic activities in Russian Federation regions the need arises to
forecast the possible risks and crisis situations and their development both by individual indicators and by overall
characteristics. It is necessary to consider the analyzed indicators both in static and in dynamic view.

A specialized system of current population survey indicators aimed at problematic of life quality would allow to
carry out the monitoring and necessary amendments of the unbalanced economic activities of the RF territorial subjects,
to increase their stability and population well-being.

2. Methods and Materials

The methodological base of the research in theoretical and applied problems of current population survey is formed by
the works of native and foreign authors in the area of current monitoring and sample survey (Zarova, 2013; Kish, 1965;
Pearson, 1908; Kendall, 1978; Chetyrkin, 1977; Box, 1976).

The regulatory base for the research is the Constitution of Russian Federation, the legislative and regulating issues
in Russian Federation, including: the Regulation of Russian Federation Government of Nov.27, 2010 Ne946 “On
organizing in Russian Federation the system of federal statistical surveys on social and demographic problems and the
monitoring of economical losses due to mortality, ilinesses and invalidization of the population”; the List of indicators of
real economy sector monitoring in financial, banking and social spheres of Russian Federation regions, Regulation of the
RF Government Ne806-r, 2009; the Prognosis of social and economic development of Russian Federation for 2015 and
the plan period of 2016-2017, Ministry of Economic development of RF, 2014.

The informational base of the research is composed of the results of sample survey of the population in Moscow,
the Moscow district and the Ivanovo district, carried out within expeditions in May 2014 for the operative monitoring
project of Plekhanov Russian University of Economics.

The population of the survey are the residents of Russian Federation above 16 years of age. The obtaining of
operative data on the residents living standards and life quality assumes the organization and carrying out the sample
survey of households and separate residents altogether. The form of sample survey is a stratified sampling with non-
replicate random sample within the strata; the probability of a resident being sampled is thus proportional to the
population structure. The method of survey is a questionnaire poll. The survey is quarterly periodical. Forming a panel
sample is not stipulated. The algorithm of sample survey is presented on Figure 1.

| 1. Population stratification for RF subjects |

2.2. The definition of control parameters upon
the benchmark sample population survey of
residents

2.1. Definition of control parameters upon the
Rosstat data

1] +
3. The performing of control survey of a part of respondents participated in the benchmark survey
4
4. The forming of primary databases of population survey

5. The quality check of primary data of the control survey. The revealing of random and systematic
sample emors.

l

6. The redistribution of weights in comrespondence with control parameters and primary stratification

Figure 1. The algorithm of current sample survey of regional residents

At the initial stage, the sample size is floating. The processing of preliminary survey of 500 of households in Moscow, the
Moscow district and the Ivanovo district allowed to estimate a target sample size as not smaller than 5000 households in
total for Russian Federation. However, a calibration of sample size is stipulated in proportion to costs of organizing and
carrying out the survey in specific time and territory conditions. In addition, a new sample on the same population allows
for using the optimal Neumann distribution principle (Neumann, 1951).
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As the instrumentary of analysis there were used the methods of descriptive and multivariate analysis, the
hierarchical and k-means cluster analysis, factor analysis, “random forest” modeling, groupings and classifications,
analysis of variance (ANOVA).

3. Describing the Domain

The carrying out of the sample population survey for life quality problematic obtains a new most relevant meaning within
the conditions of economic instability. The population is, undoubtedly, the main resource of any state, especially the labor
force. The current monitoring of population well-being and administrative measures aimed at the increase of life quality
will allow, in the opinion of authors, to significantly improve and stabilize the level of economic development of regions, to
increase the quality of labor force, and, upon the current population monitoring, reveal the possible problems in economic
development of a territory.

Thus, the development of a system of indicators and the recommendations on the use instruments of statistical
analysis on sample survey data with close connection to the operative monitoring of regions is vital. Such surveying
would allow to obtain the data on population life quality and broaden the informational base of regional monitoring, and,
additionally, to obtain the data on municipal level, and adjust the data of official statistics.

Upon the study of economic literature, legal acts and methodological papers, among the most significant practices
of population sample survey it is possible to point out the following, the recommendations and regulations of which were
accounted in the research:

- Eurostat, 1998-2014. Labor Force Survey Regulation 0577;

- U.S. Bureau of Census for Bureau of Labor Statistics 2006-2013. Current Population Survey, technical

recommendations 66;
- Rosstat, 2010. Population Survey on Problems of Employment, Statute N 452.

4. Results

The data on current sample regional population survey are simultaneous independent random variables, and, therefore,
could be considered as multivariate statistical distribution, to which multivariate statistical analysis instruments and
methods can be applied.

The following results have been obtained from the population survey of Moscow, the Moscow district and the
Ivanovo district.

At the first stage, the cluster analysis methods were applied to classify the sample survey results and to obtain the
initial assumption on the number of homogeneous classes of objects. The hierarchical analysis defined the supposed
number of population clusters within the survey to be 4. For the amalgamation of objects the Ward's method was chosen,
using the squared Euclidean distance metric. Let us remind that Ward's method allows for obtaining of homogeneous
classes of objects with minimal within-group variation. The obtained icicle plot is displayed on Figure 2.
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Figure 2. Clusterization of respondents in the sample survey.

At the next stage the clusterization of data using k-means method was performed, with the number of clusters k=4. The
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analysis of variance of the results indicated that the obtained clusters are most significantly different by the parameters of:
Actual income per household member, thousand rubles; Income level in monetary units per household member to
provide for the necessary consumer goods and services, thousand rubles; Proportion of income used on housing bills
payment, %; Proportion of income used to discharge current financial liabilities, %.

The average values and standard deviations for these indicators are presented in the table 1. The interval of mean
plus-minus standard deviation represents the most typical (average) value of an indicator and the most common values of
occurrences around it.

Table 1. Descriptive statistics of significant parameters within the clusters dissection of respondents: Mean+SD

Indicator Cluster1 Cluster2 Cluster3 Cluster4
Actual income per household member, thousand rubles 28.0#84 32.6%4.3 157%60 12.7464

Income level in monetary units per household member to provide for the

. 30.7%6.4 32.9%46 234483 22.0%85
necessary consumer goods and services, thousand rubles

Proportion of income used on housing bills payment, % 16.8%8.1 95455 99%50  27.0%4.6
Proportion of income used to discharge current financial liabilities,% 26.8¥7.4 2955 3255  7.8%10.1
SD = Standard (quadratic) deviation

Let us note that the obtained grouping enables to classify new observations into these clusters by using such methods as
“Random Forest” or “Neural network modelling”. The use of “Random Forest” method is more preferable, for the reason
of obtaining higher quality models compared to “Neural networks” (Hastie, T., Tibshirani R., Friedman J., 2009).
Furthermore, the “Random Forest” models effectively process data with large number of variables, and equally efficiently
interpret both discrete and continuous variables. “Random Forest” method also allows to construct models upon data with
missing variables (which is a frequent occasion in sample population surveys as some inputs may be incorrect and thus
considered missing and some questions may be left unanswered), thus avoiding the discard of these objects which
contain useful information on other variables. Lastly, the “Random Forest” models allow estimation of the significance of
every variable in the model.

To simulate the data with the purpose of classifying them into the initial clusters a “random forest” model was
constructed. We can note that, upon the model, the main predictors were the indicators of material welfare — the income
size, the current liabilities expences and household billing and tariffs.

The graph of train and test data is presented on Figure 3.
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Figure 3. The “Random Forest” model simulation: train and test data

To define the principal factors influencing the life quality of population, the factor analysis was carried out. Let us remind
that the factor analysis is a collection of statistical methods aimed at revealing the common (latent) principal factors of
large-scale events and processes. The main goal of factor analysis is to describe the many initial parameters of the
studied object by a fewer number of primary substantive factors, transcendent to the initial variables, that cannot be
directly measured but are revealed upon the study of initial variables correlations. The primary factors are an integral
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characteristic of intial factors, that is, they are the variables of higher order that contain the information on the set of initial
variables.

To reveal the principal factors the maximum likelihood method was used. This method analyzes the differences
between sample correlation coefficients and hypothetical population correlation coefficients. While the maximum
likelihood method is void of significant drawbacks, its advantages are the efficiency of factor solution, its robustness to
variables scaling, and the ability to apply Chi-square significance test on the obtained model for a large set of data.

For the factor analysis, with the purpose of better interpretation of the principal factors and to estimate the principal
factors for regional dissection, the factor analysis was performed on the data grouped by regions of Moscow, the Moscow
district and the Ivanovo district. The minimal Eigenvalue was set at 2.000. The Varimax raw factor rotation method was
then used for better interpretation of the solution. The results of principal factors influence on the population estimation of
welfare are presented in the Table 3.

Table 3. Principal factors of life quality indication within regional dissection

Region Number of Interpretation of principal factors (in Hierarchical analysis of secondary
principal factors descending eigenvalue order) (oblique rotation) factors
Moscow 3 1. Housing prices and tariffs growth (inverse); Prices growth for separate housing services
2. Consumer goods and services prices growth (water supply, heating)
(inverse);
3. Industrial production output growth
Moscow district 4 1. Housing prices and tariffs growth (inverse); No secondary factors providing
2. Industrial production output growth; complimentary information to primary factors
3. Residential market prices growth (inverse); were revealed o
4. Household size
Ivanovo district 4 1. Housing prices and tariffs growth (inverse); 1.  Primary residential market prices
2. Commodity supply in retail trade (production growth,
goods and services market capacity); 2. Prices growth for separate housing
3. Residential market prices growth (inverse); services (water supply, heating)
4. Disposable population income 3. Foods market potential change;
4.  Nominal accrual wage change
All regions 3 1. Consumer goods and services prices growth No secondary factors providing
(inverse); complimentary information to primary factors
2. Disposable population income were revealed o

3. Housing prices and tariffs growth (inverse)

It is evidently noticeable that the factor analysis results are similar for all regions, as household members in all regions
point out the prices growth for consumer goods and services, disposable income change and housing prices growth as
the defining factors. The secondary factors were pointed out to be the tariffs growth for separate housing services, water
supply and heating in particular, and the change of nominal wage size.

5. Discussion

The conditions defining the population life quality may vary for some regions, sometimes significantly, and, as follows, the
studied population may not be stated to be homogeneous. The reduction of shifts of the obtained sample statistics is
enabled by stratification — the construction of qualitatively homogeneous non-intersecting subsets of the population. The
base for the stratification is the administrative territorial subdivision of the Russian Federation.

On the other hand, the representativeness of the sample is provided by the process of population units sampling
and is supported by the control of correspondence of the sample structure to the population structure using the so-called
control parameters. Generally these control parameters are key social and demographic characteristics, such as gender,
age, education etc. and the household parameters (the household size and composition). The informational base for
forming these control parameters is suggested to be the data of Federal service of public statistics, and the data of
specially organized benchmark survey.

The respondents in the benchmark survey may be offered a shorter version of the questionnaire, containing
general data on the size and structure of household, its income and overall welfare, i.e. in this case the household is the
population unit. It is suggested to survey only one member of the household. The tasks of the benchmark survey could
then be formulated as such:
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- the construction of a control parameters system, necessary to form a representative sampling;

- the gathering of overall information on living standards and life quality of a large proportion of households;

- the forming of contact data base to conduct a more detailed survey for separate residents.

Each resident passed the benchmark survey is offered to participate in the control survey. At this stage, the poll is
offered to all household members older than 16 years of age, the questions may be answered individually or by one
representative household member for all. As such, the unit of control survey is a single person, and the information
collected may provide a complex evaluation of life quality on individual level.

At each stage of sample survey certain errors are possible, that may be of either random or systematic origin.
Thus, a significant stage is the monitoring of the initial data quality and of the sample estimations of population
parameters. The obtained estimations have to be, at the very least, consistent, that is, approach the probabilities of true
population parameters. A more preferable property is the unbiasedness (an unbiased estimation is the one, the
mathematical expectation of which is the same as the true population parameter). As this is the first time for the survey,
the evaluation of characteristics efficiency may prove hard. Thus, the suggested efficiency indicators are the classic
measures of dispersion: the standard (quadratic) deviation and the variation coefficient.

In addition, a more complex problem of the poll is the presence of questions for which a respondent has not
provided an answer (the “unanswers”). As the result, the sampling loses in randomness and the obtained estimations will
be biased. A detailed method is suggested by the authors of the research to resolve the “unanswers” problem:

1. If the proportion of unfilled polls is less than 0.1 it is possible to exclude these respondents from the survey;

2. if the proportion of unfilled polls is greater than 0.1 it is necessary to test a multivariate hypothesis upon the

benchmark data survey:
Ho: The value of a control parameter k; among the respondents answered question i and not answered
question i is statistically indifferent.

3. If the proportion of unfilled polls is greater than 0.3, it is necessary to test a multivariate hypothesis using the

benchmark data:
Ho: The value of all control parameters ki,...,kn among the answered question i and unanswered question i is
statistically equal.

If Ho is accepted, excluding the respondents will not cause hias. If Ho cannot be accepted with given confidence
probability, the missing data are filled with average values analogical to the distribution of control parameters.

After primary processing, the procedure of weights calibration (or secondary weighing) is applied to the data. As
the result, the structure of sampling is brought in full correspondence to the structure of population — at the first stage in
correspondence to control parameters, and at the next stage — in correspondence to the stratification. The procedure of
secondary weighing enables to guarantee the representativeness of certain population categories that may have been
represented in the sampling at a smaller or larger proportion than necessary.

6. Conclusion

Within the instability conditions of Russian Federation regional development, and with the consideration of economic
sanctions leverage, the carrying of current population survey on the regional and municipal level is of the highest
relevance as a means to obtain trustworthy indicators of population welfare in both social and economic aspects.

Thus, it is necessary to produce a more target-aimed system of indicators for sample population survey on
problematic of life quality with the consideration of compatibility with the operative regional monitoring data.

In the opinion of authors, it is possible to allocate five categories of indicators, which could be considered and
accounted for population survey. The statistical study of population living standards is thus based on the following system
of indicators, forming an interrelated block scheme (Figure 4).
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Figure 4. A conceptual block-scheme of system of indicators for sample population survey on life quality
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Drawing certain conclusions, it can be stated that the modern changes in geopolitics and world economy have
preconditioned to perform the current population monitoring based on sample survey for the indicators of life quality, with
the purpose of complimenting the operative regional monitoring data both informatively and in detail related to living
standards of the population.

The results of current population survey will allow to boost the quality of statistical information of the operative
monitoring for social and economic development of the Russian Federation regions, and, with appropriate administrative
measures, achieve the planned level of their sustainable development.
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