
Citation: Malinowski, M. Financial

Situation of Local Government Units

as a Determinant of the Standards of

Living for the Polish Population.

Energies 2022, 15, 5448. https://

doi.org/10.3390/en15155448

Academic Editors: Sławomir

Kalinowski and Aleksandra Łuczak

Received: 29 June 2022

Accepted: 25 July 2022

Published: 27 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the author.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

energies

Article

Financial Situation of Local Government Units
as a Determinant of the Standards of Living for the
Polish Population
Mariusz Malinowski

Department of Economics, Faculty of Economics, Poznan University of Life Sciences, 60-639 Poznan, Poland;
mariusz.malinowski@up.poznan.pl

Abstract: In this paper, the author intends to show the interaction between the living standards of the
population and the financial situation of Polish local government units at the commune level. The
first (theoretical) part of the paper provides a synthetic description of topics related to defining the
economic terms and to the local government’s ability to impact the standards of living of the local
population. In view of the multifaceted nature of terms covered by this analysis, the second part uses
a canonical analysis (which means multiple linear regressions are generalized for two sets of variables)
in order to identify the relationships between them. The analysis resulted in identifying a number
of indicators, including canonical correlations, total redundancy and variances extracted, as well as
six statistically significant canonical variates, which enabled the identification of multidimensional
relationships between the categories considered. The greatest and the most statistically significant
canonical correlation coefficient was over 0.93; for the last statistically significant canonical variate,
it was over 0.57. The analysis provides grounds for concluding that when the values of variables
representing the financial capacity of Polish rural communes are known, they can be used to explain
over 32% of the variance in the set of variables relating to the population’s standards of living.
The statistical data originated from the author’s own surveys carried out with presidents and vice-
presidents of commune councils.

Keywords: standards of living; canonical analysis; local government’s financial situation;
sustainable development

1. Introduction

Ensuring high standards of living for today’s society is the overarching goal of sus-
tainable development policies at the national (central administration), regional and local
(LGU) management levels. This is because sustainable development, as a concept that
meets the current needs of humanity, is an economic doctrine committed to aligning the
population’s standards of living with the current level of human development. The main
focus of sustainable development measures at the regional and local levels is on the res-
idents; this is why improvements in their standards of living can tell us much about the
region’s sustainable development. On the other hand, having enough funds is a decisive
factor in whether or not local government units are capable of fulfilling the numerous
tasks entrusted to them by the central administration (it has an impact on such aspects
as the quality of public services and the quantitative and qualitative conditions of the
social and economic infrastructure). When in a more advantageous financial situation,
local government units are better positioned to implement investments that capitalize on
favorable economic, social and environmental developments, which, as a consequence, can
translate into higher standards of living for the local population. However, it would be
difficult not to agree with P.S. Morrison, who notes that while human wellbeing depends
on local conditions, individuals differ in how they perceive the impacts of changes driven
by local government investments [1]. Indeed, local authorities are the ones responsible for
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sustainable development on many fronts (including social or economic aspects) and for
using the region’s potential correctly in order to address as far as possible the needs of local
residents. After 1989, as a result of political transformation, Polish local government units
were granted financial resources and other assets. The decentralization of public functions
somehow forced, and continues to force, local government units (especially communes) to
put in place a financial policy which ensures these functions are performed to the greatest
possible extent and at the highest possible level. According to the European Charter of
Local Self-Government (Article 9), “local authorities shall be entitled, within national eco-
nomic policy, to adequate financial resources of their own, of which they may dispose freely
within the framework of their powers” [2]. Hence, the availability of financial resources
is fundamental to the functioning of local government units and a condition for whether
their statutory tasks can be performed. Unfortunately, Polish local government units (es-
pecially communes) are increasingly obliged to rely on external funding sources. This is
explained by the need not only to finance a number of investments designed to enhance
the standards of living for the population but also to cover running costs. B. Daffloon and
K. Beer-Toth point out the fact that local government debt drives the modernization of
the local economy and the creation of jobs. The authors suggest that for local government
units, debt makes it obviously easier to fulfill their tasks while also providing alternative
financing streams if sufficient funds are not available [3]. X. Jing notes that over the last
40 years of development since the reform, Chinese local government units have accessed
funds by issuing public debt and made a positive contribution to the implementation of
social infrastructure projects and to the joint development of urban and rural areas [4].
Local government debt can have different consequences—from triggering a leverage effect
to the repayment of previous liabilities or bankruptcy. Poland saw the latter scenario for
the first time on 1 January 2019; due to its debt, the Ostrowice commune (located in the
Zachodniopomorskie voivodeship) was dissolved and incorporated into the administrative
territories of two neighboring communes (Drawsko Pomorskie and Złocieniec).

Despite numerous analyses, the quantification of living standards as well the iden-
tification of aspects that contribute to improvements in this area (which are significantly
determined by how much material, immaterial, individual and collective needs are met)
are problems yet to be fully resolved. The difficulty lies in selecting the diagnostic vari-
ables, relevant measuring methods and ways of identifying relationships between the
categories considered.

Obviously, some literature exists that addresses the issue of LGU financing and the pop-
ulation’s standards (or quality) of living (including N. Hlepas [5], B. Oleszko-Kurzyna [6],
Cárcaba A. et al. [7]) or local development (including H. Pondel [8], Stanny, Strzelczyk [9]).
However, in the context of the multifaceted nature of these categories, there is a scarcity of
papers that rely on appropriate multidimensional econometric methods.

The purpose of this paper is to identify the multidimensional relationships between
the population’s standards of living and the financial situation of Polish communes. Ad-
ditionally, an another scientific goal for the author is to promote the use of canonical
analysis, which is relatively rarely used in economic sciences. However, instead of provid-
ing a complete explanation of this calculation method, focus was placed on its usefulness.
The empirical analyses were based on data acquired by the author from a survey with
241 presidents and vice-presidents of commune councils in Poland (the project was fi-
nanced with resources of the National Science Centre (NCN-Poland), allocated under
project DEC-2021/05/X/HS4/00137). Keeping in mind that the standards of living are
determined by many individual and exogenous factors, the author focused solely on ana-
lyzing how they are impacted by the financial situation of local government units. Both the
financial situation of local government units and the population’s standards of living are
of a multifaceted nature, and this is the reason for making use of the canonical analysis,
a sophisticated approach to multidimensional statistical techniques.
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2. Theoretical Aspects of the Role the Financial Situation of Local Government Units
Plays in Creating the Standards of Living for the Population

According to A. Zeliaś [10], increased interest from researchers in the standards of
living, viewed as an economic category, can be explained by the transition from being
fascinated by technical and economic advancements to reflecting on the benefits and threats
brought about by human progress. The adverse phenomena involved in economic growth
include [11,12]: accelerated environmental degradation threatening human and animal
life; considerable increase in the incidence of and premature mortality from some diseases,
mostly those referred to as diseases of affluence (including cardiovascular diseases and can-
cer); increase in social pathologies (including frustration, crime, alcoholism); rapid increase
in the number of traffic accidents and accidents at work; the confusion of value systems;
the dismantling of old systems which are not replaced by the establishment of new ones;
the widening social gaps in different dimensions, etc.; excessive consumption of products
and services leading to environmental pollution; and the inability to create substitutes for
non-renewable resources without increased risks for humans and the environment.

Despite the availability of numerous books and papers, the literature on the subject
still fails to provide a single, commonly accepted definition of “standards of living”. A UN
expert committee defined them in 1954 as “the overall actual living conditions of humans
and the degree to which their physical and cultural needs are met through a flow of goods
and services, whether paid or derived from social funds” (after: [13]). This became the
starting point for defining and analyzing “standards of living”. The definitions formulated
by successive authors included both narrow ones which focused on measurable phenomena
and broad ones which took into account life aspects that are difficult to gauge. It seems
that the definitions most frequently referred to in the Polish literature are those proposed
by A. Luszniewicz [14], who views standards of living as the degree of meeting (securing)
households’ cultural and material needs with flows of goods and services they pay for
and with collective consumption flows; and by Bywalec and Rudnicki [15], who consider
standards of living to be the degree to which needs are addressed by the consumption of
human-made material and immaterial goods. Hansen and Grubb view living standards as
the happiness or utility that can be derived from consumption. In that context, consumption
can just be generally defined as any activity, status or good which an individual can acquire.
According to B. Chan Yin Fah, living standards are related to the consumption or use
of economic goods, and he views them as the sum of food, fuels and other perishable
goods purchased, domestic work, vehicles, clothes, other goods of different durability
and human-made services which are used by an individual or a group over a defined
period [16]. A broad approach to standards of living was proposed by S. Kalinowski,
who defines them as the “system of synthetic indicators resulting from the level of wealth
manifested in how the physical and intangible needs are met and, as a consequence, in
the economic capability, commitments and aspirations of individuals”. Viewed from that
angle, the level of wealth is related to the amount and sustainability of revenue, being able
to buy goods in accordance with one’s needs and being able to repay one’s debt. In turn,
when quantifying this phenomenon, the author recommends an approach which consists
in combining measurable, immeasurable, objective, subjective, quantitative and qualitative
characteristics [17]. According to O.G. Okafor [18], standards of living are determined
by a variety of factors, such as revenue, availability of jobs, class differences, poverty
indicators, quality and availability of housing, number of working hours converted into
essential necessities, Gross Domestic Product, inflation rate, access to healthcare services,
quality and availability of education, life expectancy, disease incidence, cost of goods and
services, infrastructure, organic economic growth, economic and political stability, political
and religious freedom, environmental quality and security level.

“Standards of living” is a term largely based on the theory of needs. Essentially, social
statistics uses four categories (some authors restrict their considerations to three terms:
quality of life, living standards, dignity of life; for more information, see [12]) which are
widely recognized by researchers and refer to the degree to which the needs are addressed:
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• Living conditions: the objective infrastructural conditions the society lives in. They are
mostly related to the material situation, and to securing the existence and environment
for individuals.

• Living standards: the extent to which cultural and material needs are met by the
existing infrastructure that enables them to be addressed.

• Quality of life: all aspects of an individual’s life that are related to his/her existence,
experiencing different emotions and being someone.

• Dignity of life: not experiencing deprivation which could negatively result in the
population spending their lives in changing economic realities. This includes the
financial situation of households and the immaterial aspects of living.

The definition by A. Luszniewicz, as referred to earlier in this paper, was used in the
empirical studies carried out below. The author believes it best represents the essence of
this economic category by emphasizing the importance of the degree to which human
needs are met.

Obviously, a part of human needs (which keep growing and evolving in line with
cultural and economic transformation) can only be addressed on an individual basis.
However, certain needs are met with public resources (e.g., the need for security and order
in the surroundings, social assistance), through the direct or indirect activities of central or
local government authorities. Indeed, the environment where the local population lives
is a local-level social system where the residents spend nearly all of their time. Because
certain needs of local dwellers are addressed with the use of public systems, LGUs and
related authorities are somehow pushed to focus on the allocation of financial resources
and on collecting enough funds to cover these expenses. Hence, the financial situation at
local government level plays a special role in this context.

All around the world, local government units play a key role in enabling development
and improving the standards of living for the population. Increasingly often, robust
management mechanisms are put in place, a civic society develops even in places where it
was historically weak, and local government units are reinforced to act in more and more
open and responsive ways [19]. Compared to other countries, Polish local government
units are a powerful figure in the national political system, which is reflected by a large
proportion of GDP being redistributed though local government budgets (reaching 14.0% in
2019). Of all Union member states, only three Nordic countries reported a higher share of
local financial resources in GDP. When looking at the composition of public expenditure in
Poland, it turns out to be even more decentralized than in other countries. Indeed, the share
of the local government finance sub-sector in central and local government expenditure
was 33.9% in 2019. Higher ratios were only found in Denmark, Sweden and Finland [20]. In
late 1900s, most European countries (including Poland) witnessed a strong decentralization
trend which translated into authority being transferred from the central government level
to lower (local) levels. In Poland, the local government was brought back to life in 1990, but
only at the commune level. However, this provided grounds for the development of local
autonomy in Poland. In 1999, the Polish local government shifted to a three-level structure;
currently, the local level is represented by 2477 autonomous communes and 380 districts (the
equivalent of the German and Austrian Kreis and the Czech and Slovakian okres), whereas
the regional (NUTS-2) level comprises 16 voivodeships. Each of the above units has a scope
of statutory tasks and owns financial resources allocated to support their performance.
However, the legislator defined different revenue streams for each local government level.
In this context, communes are in the most advantageous position since their budgets are
fed with a large portion of resources, and their authorities can co-decide the amount and
allocation of available funds. However, the relation between financial resources and tasks
entrusted to local government units (as a consequence of the decentralization of tasks
previously owned by the central government) gives rise to endless controversies among
local authorities. Successive reforms gradually extended the scope of statutory tasks of
local government units but often failed to ensure a consistent increase in the funds allocated
to them. The financial situation of LGUs limits their capacity to implement investments that
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drive development without restricting the fulfillment of their current tasks. In Poland, the
Local Government Act for Commune Level of 8 March 1990 sets forth several obligations of
the local administration. By initiating, coordinating and performing these obligations, the
LGUs are supposed to address the collective needs of their residents. In accordance with
Article 7 of the above Act, “addressing the collective needs of a community is among the
commune’s own tasks” [21]. This includes, without limitation, issues related to healthcare,
culture, public education and orderly development. Supra-communal tasks laid down in
dedicated acts are the responsibility of district authorities [22]. In the context of the above
considerations, crucial tasks at the district level include stimulating the local labor market
and fighting unemployment.

Certainly, there are other tasks of commune-level LGUs which directly or indirectly
contribute to addressing the residents’ collective needs. While they are not set out in
dedicated regulations, they are implied by the very essence of self-government, and include:
developing local-level training and education systems; offering subsidies, incentives and
discounts; creating a “space for working” (which includes support for the establishment of
business incubators); creating various facilities and amenities; and identifying local needs.

Indisputably, the quality of public services provided by local government units as part
of the tasks entrusted to them, and the quantitative and qualitative conditions of essential
socioeconomic infrastructure used in addressing the whole range of the local population’s
needs (and contributing to socioeconomic development) depend on the local government’s
financial situation. The above boils down to whether local government units can be
provided with financial security which has an effect on their capacity to fulfill their tasks.
Their financial condition is affected by the amount and structure of revenues, by their ability
to make proper use of repayable resources and by how efficient they are in accessing extra-
budgetary funds. In that context, the literature on the subject uses some strictly interrelated
terms, such as “financial soundness” (e.g., E. Padovani, E. Scorsone [23], V. Pina et al. [24]),
“fiscal soundness” (e.g., C. S. Maher, S. C. Deller [25], T.M. Mamun, S. Chowdhury [26]) or
“financial situation” (e.g., R. C. Casal et al. [27], D. Prior et al. [28]). However, the author
will not use them interchangeably.

The literature on the subject views the financial situation of local government units
as the capacity to finance services with collected revenues in given socioeconomic and
institutional conditions, or as the local government’s ability to generate enough financial
resources necessary to meet their obligations in a given period [29]. A similar definition
is provided by I.T. Ritonga et al. [30] who sees it as the “local government’s capacity to
timely meet their financial obligations and to maintain the level of services delivered to
the community”. According to L. Osowska and A. Ziemińska, the financial situation
of local government units (or communes, more specifically) means their financial status
in a defined time interval. The financial situation is reflected by a number of aspects,
including the ability to perform their tasks, have a balanced budget and increase their
assets. The financial situation of communes certainly is a complex phenomenon, and
includes: the level of revenues, financial autonomy, investment volumes, the capacity to
access extra-budgetary resources and the financial results [31]. In turn, M. Stanny and
W. Strzelczyk place the financial situation of local government units in the context of
financial security. They define it as the ability to meet the unit’s financial obligations while
ensuring continuous delivery of local government services, which has a direct effect on
the performance of statutory tasks and on improvements to the residents’ living standards.
The continuity is the consequence of a balanced budget, financial autonomy, independence
from capital transfers, financial liquidity, long-term solvency and prudent expenditure of
public funds [9]. Viewed by M. Jastrzębska, the financial situation can be defined as [32]:

• the ability to deliver services at a level no worse than the existing one;
• the ability to access repayable and non-repayable financial resources to fulfill future tasks;
• the ability to prevent entrepreneurs from moving to other LGUs;
• the ability to address the challenges of the future economic situation.
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The literature on the subject pays little attention to the local government units’ financial
situation as a determinant of standards (or quality) of living for residents. Examples include
research by N. Hlepas [5], who analyzed the relationship between the local community’s
social cohesion and their satisfaction with local and central government institutions, as well
as papers by M. Malinowski and J. Smoluk-Sikorska [33], who (based on spatial regression
models) examined the spatial relationships between the financial situation of Polish LGUs
and the population’s standards of living at the district level. In turn, based on the data
collected in 76 Spanish towns in 2008–2010, B. Cuadrado-Ballesteros et al. [34] analyzed
the relationship between “financial soundness” and quality of life, and demonstrated
that residents of financially sound communes enjoy a greater quality of life than others.
The relevant literature seems to be dominated by papers that analyze the differences in
the standards of living between aggregation levels. Examples include the works and
findings by: S. Kalinowski [17], who analyzed such aspects as the differences in poverty
levels of Polish rural residents with precarious incomes; A. Zeliaś [10], who presented
a comprehensive typology and linear ordering of EU countries by standards of living; and
L. Zhou et al. [35], who used the TOPSIS method to linearly order the main cities of the
Guizhou province by standard of living of the local population. A. Carmelli identified the
empirical relationships between fiscal conditions of Israeli local government units in 1997
and 1998 and the levels of education and employment in 2001. It follows from his study that
preexisting fiscal conditions of LGUs had a significant impact on the future development of
education and employment which ultimately affect the population’s standards of living [36].
As part of their study, Y. Cho and K-Y. Lee identified the relationship between satisfaction
with public services, trust in local government, and social satisfaction. They carried out
a survey with 980 residents of Jeonbuk, Korea, and used structural equation models (SEM)
to demonstrate that satisfaction with public services has a direct or indirect impact on
the satisfaction of local residents. In particular, satisfaction with public security had both
a direct and an indirect effect on how satisfied the community was [37]. In this context,
it is also worth mentioning some interesting findings from research by J. Stokes et al.
on the impact of spending cutbacks in 147 local government units in England on the
multimorbidity of the population (which also affects the standards of living). It turns out
that cutting spending on services by 1% per capita entails a 0.1% increase in the incidence
of multimorbidity. Taking the budget classification into account, a 1% decrease in spending
on public health entailed a 0.15% increase in the incidence of multimorbidity, whereas
a 1% decrease in spending on adult social care resulted in a 0.01% decrease in the average
health-related quality of life [38]. Additionally, another study worth mentioning is that of by
B. Siregar and N. Pratiwi, who used 1003 financial reports of Indonesian local government
units for the years 2009–2013 to demonstrate (using regression models estimated with
PLS, partial least squares) that the administrative age of LGUs (the time elapsed since the
establishment of a unit under the relevant act), their status and the number of authorized
financial management employees have a positive and significant impact on the local
government’s financial self-reliance. At the same time, financial self-reliance at the local
level has a positive and significant impact on the Human Development Index (HDI) [39].

3. Materials and Methods

A survey questionnaire was the research tool used in this study. Only a selection
of research areas was analyzed for the purposes of this paper. The survey was carried
out between early January and late February 2022 with presidents and vice-presidents
of commune councils (the legislative and control authority of local government at the
commune level) based on the CATI (computer-assisted telephone interviewing) approach.

The research sample should be a reliable representation of the population. The greater
the proportion of the population in the sample, the higher the representativeness. As the
sample size gets closer to the population size, the result becomes more reliable (also, the
greater the research sample, the higher the precision of estimators) [40]. The size of the
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sample covered by this study was calculated with the finite population formula structured
as follows:

n =
P(1− P)

e2

Z2
α
+ P(1−P)

N

(1)

where P is the estimated proportion in the population (usually set at 50%); n is the sample
size; N is the population size; e is permissible error; and Zα is the value resulting from the
confidence interval used (equal to 1.96 for a confidence level of 95%).

The total size of the respondent group is N = 2477 (number of communes in Poland). The
maximum permissible error and the confidence interval were set at 6% and 95%, respectively.

With this data, the minimum size of the research sample is 241 (Table 1). Generally,
the sampling can be performed in three ways: as purposeful sampling, by composing
the sample of voluntary participants, or by random sampling. The stratified random
sampling method (which takes account of the population’s heterogeneity) was employed
to ensure representativeness across the whole population of presidents and vice-presidents
of commune councils in Poland.

Table 1. Number of communes per voivodeship in Poland.

Specification Number of Communes Percentage Structure of Communes Covered

dolnośląskie voivodeship 169 6.82% 16
kujawsko-pomorskie voivodeship 144 5.81% 14
lubelskie voivodeship 213 8.60% 21
lubuskie voivodeship 82 3.31% 8
łódzkie voivodeship 177 7.15% 17
małopolskie voivodeship 182 7.35% 18
mazowieckie voivodeship 314 12.68% 31
opolskie voivodeship 71 2.87% 7
podkarpackie voivodeship 160 6.46% 16
podlaskie voivodeship 118 4.76% 11
pomorskie voivodeship 123 4.97% 12
śląskie voivodeship 167 6.74% 16
świętokrzyskie voivodeship 102 4.12% 10
warmińsko-mazurskie 116 4.68% 11
wielkopolskie voivodeship 226 9.12% 22
zachodniopomorskie voivodeship 113 4.56% 11

2477 100.00% 241

Source: own study based on [41].

Stratified sampling means dividing the whole population into strata and indepen-
dently drawing a defined number of elements from each of them. The stratified random
sampling method was used in building the sample pro rata to the number and type of
communes, based on the known structure of the total population (number of communes in
voivodeships, commune types). The size of the random stratified samples was calculated
in proportion to the size of the respective strata (Table 2).

Table 2. Polish communes grouped by type.

Specification Number of Communes Percentage Structure of Communes Covered

1: urban commune 302 12.19% 29
2: rural commune 1537 62.05% 150
3: urban–rural commune 638 25.76% 62

Source: own study based on [41].

The table below shows the distribution of the sample between voivodeships (Table 3).
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Table 3. Structure of the research sample.

Specification Urban Rural Urban–Rural Structure of Communes Covered

dolnośląskie voivodeship 2 10 4 16
kujawsko-pomorskie voivodeship 2 8 4 14
lubelskie voivodeship 3 13 5 21
lubuskie voivodeship 1 5 2 8
łódzkie voivodeship 2 11 4 17
małopolskie voivodeship 2 11 5 18
mazowieckie voivodeship 4 19 8 31
opolskie voivodeship 1 4 2 7
podkarpackie voivodeship 2 10 4 16
podlaskie voivodeship 1 7 3 11
pomorskie voivodeship 1 8 3 12
śląskie voivodeship 2 10 4 16
świętokrzyskie voivodeship 1 6 3 10
warmińsko-mazurskie 1 7 3 11
wielkopolskie voivodeship 3 14 5 22
zachodniopomorskie voivodeship 1 7 3 11
total 29 150 62 241

Source: own study based on [41].

Due to the multidimensional nature of aspects covered by this research, it is not
recommended to use a single indicator to represent both the financial situation of local
government units and the standards of living of their residents. Hence, the analysis covered
two sets of variables.

A total of 21 variables were used in determining the standards of living of the pop-
ulation (1: very low, 7: very high) cf. [13,42–45]: S1: availability and quality of public
healthcare services; S2: public security level; S3: conditions for enjoyable ways of spending
free time; S4: education conditions for children and youth (primary schools); S5: ability
for adults to improve their skills; S6: availability of nurseries; S7: cleanness of the natural
environment; S8: noise (the lower the variable, the greater the noise nuisance); S9: general
esthetics of buildings and green areas; S10: quantitative and qualitative condition of roads;
S11: communication links (including buses and trains); S12: street lighting; S13: develop-
ment level of water and sewage infrastructure; S14: development level of the gas network;
S15: development level of sports and cultural services; S16: development level of the
telecommunications network (including mobile network coverage, broadband Internet
access); S17: rating of tourism facilities (motels, hotels, agri-tourism); S18: situation in
the local labor market (wage level, the ease of finding a job); S19: availability of selected
services (hairdresser, beautician, shoemaker, tailor, home appliance repair); S20: shopping
conditions (including the total number and diversity of shops, availability of discount
stores); S21: social security (ability to obtain financial and non-financial support from
public institutions).

In turn, 35 variables were used to assess the financial situation of communes, ranked
from 1 (not significant) to 7 (extremely significant) cf. [30,46–48]: FC1: rank of education
expenditure in the budget; FC2: share of public administration expenditure in the budget;
FC3: share of healthcare expenditure in the budget; FC4: rank of social assistance expendi-
ture in the budget; FC5: share of expenditure on water and sewage infrastructure in the
budget; FC6: share of public security expenditure in the budget; FC7: share of sports and
leisure expenditure in the budget (including community centers, tourism infrastructure);
FC8: share of environmental protection expenditure in the budget (including waste sorting,
removal of asbestos); FC9: share of expenditure on transportation and communications
infrastructure in the budget; FC10: investment expenditure per capita; FC11: share of
expenditure on assets in total expenditure; FC12: share of agricultural tax in the budget;
FC13: share of forestry tax in the budget; FC14: share of property tax in the budget; FC15:
share of car tax in the budget; FC16: share of local fees in the budget (marketplace fee,
tourism fee, visitor’s tax, dog tax, advertising fee); FC17: total revenue per capita; FC18:
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own revenue per capita; FC19: current transfers per capita; FC20: share of current revenue
in total revenue; FC21: share of own revenue in total revenue; FC22: share of revenue
derived solely from personal and corporate income taxes in total revenue; FC23: share of
total subsidies in total revenue; FC24: share of earmarked subsidies in total revenue; FC25:
share of funds derived from EU resources in total revenue; FC26: self-financing ratio of the
commune (the degree to which the local government unit finances its investments with own
funds); FC27: share of operating surplus in total revenue; FC28: share of operating surplus
and of revenue from property sold in total revenue; FC29: total debt of the commune; FC30:
total liabilities per capita; FC31: ratio of total liabilities to total revenue; FC32: ratio of
long-term liabilities to total revenue; FC33: ratio of debt servicing expenses to total revenue;
FC34: ratio of debt servicing expenses to own revenue; FC35: share of maturing liabilities
in total liabilities.

A canonical analysis was performed to present the multidimensional dependencies
between the sets of variables proxying for the financial situation of communes and for the
population’s standards of living. With the canonical analysis, the assessment of dependen-
cies between the two initial sets of variables (explanatory variables {X1, X2, . . . , Xp} and
explained variables {Y1, Y2, . . . , Yq}) boils down to analyzing the relationships between
latent variables. These new latent variables are a specific type of synthetic indicator of the
correlation between the two sets, calculated as the weighted sum of the variables of the sets
considered, i.e.: a1X1 + a2X2 + . . . + apXp and b1Y1 + b2Y2 + . . . + bqYq.

The essence of the canonical analysis is to look for pairs of linear functions which meet
three cumulative conditions [49]:

1. are an approximation of sets of variables X and Y;
2. are maximally correlated, i.e., express the degree to which the set Y is statistically

determined by the set X;
3. express maximum independence between pairs of canonical variates, i.e., take account

of the particularity of variance explained by successive pairs of canonical variates.

Meeting the maximum correlation condition means the weighted sum pairs can be
considered a fair representation of initial data of the model used in the study. A weak
or non-existent correlation would reflect the actual absence of relationships between the
sets considered. Maximum correlation is sought based on the indeterminate Lagrange
multipliers method cf. [50–55]. The study considers a system of two random variables
with x =

[
x1, x2, . . . , xp

]T as the vector of explanatory variables and y =
[
y1, y2, . . . , yq

]T

as the vector of explained variables. The canonical analysis seeks to maximize the canonical
correlation expressed as:

rl =

(
wT

x Rxywy
)√(

wT
x RxxwxwT

y Ryywy

) (2)

where Rxx is the correlation matrix for explained variables; Ryy is the correlation matrix
for explanatory variables; Rxy is the correlation matrix for both types of variables; wx, wy
are the weights for first-type and second-type canonical variates; and rl is the canonical
correlation coefficient.

The results of a canonical analysis are sensitive to atypical values (outliers) which can
contribute to an erroneous picture of the research area covered by the study (an outlier can
affect the numeric value of relationships between variables, suggesting for instance that
they are highly correlated in a situation in which there is no correlation). Therefore, the
three-sigma rule cf. [56] was used to identify atypical items in both sets under consider-
ation. Accordingly, items which fall outside the interval [mean − 3*standard deviation;
mean + 3*standard deviation] should be removed from the initial set of variables. Other
ways of identifying outliers include the analysis of dispersion graphs.

If identified, outliers were replaced with mean values for regions (NUTS-2 level)
which are home to units with sub-variables outside the defined thresholds
(mean ± 3*standard deviation). In these analyses, the above procedure needed to be
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used four times for the set of variables relating to the standards of living (including three
times because the values are below the lower boundary of the defined interval and one
time because the value is above the upper boundary), and 19 times for the communes’ fi-
nancial situation (nine times because the values are below the lower boundary and 10 times
because the values are above the upper boundary).

The total number of pairs of canonical variates is equal to the minimum number of
variables in any of the sets considered. Hence, it seems crucial to determine how many
pairs of canonical variates exist which need to be subject to an in-depth examination. This
can be accomplished using the significance test of canonical correlation coefficients, with
the null hypothesis being the absence of a relationship between two sets of input variables.
The significance of pairs of canonical variates is verified with the Wilks’
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For each of the generated canonical roots, the canonical analysis allowed to calculate 

variances extracted, an indicator which shows the percentage of variance of input varia-
bles explained by the canonical variates. It is the sum of the squared factor loadings of 
each variable found in the set corresponding to the canonical root concerned divided by 
the sum of input variables. The mean variances calculated this way can be expressed with 
the following formulas: 
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with q as the number of input variables; cjl as the canonical factor loading for base variable 
j and first-type canonical variate l; and djl as the canonical factor loading for base variable 
j and second-type canonical variate l. 

Additionally, the canonical analysis included finding the redundancy index (also re-
ferred to as the compound coefficient of determination) expressed as the mean variances 
(calculated above) multiplied by squared canonical correlations. It specifies the amount of 
mean variance in a set explained by a canonical variable with another specific set of vari-
ables, and can be presented in its analytical form: 
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R2
ul
=

1
q ∑q

j=1 c2
jl , (4)

or
R2

vl
=

1
m− q ∑m

j=q+1 d2
jl , l = 1, 2, . . . , s, (5)

with q as the number of input variables; cjl as the canonical factor loading for base variable j
and first-type canonical variate l; and djl as the canonical factor loading for base variable j
and second-type canonical variate l.

Additionally, the canonical analysis included finding the redundancy index (also
referred to as the compound coefficient of determination) expressed as the mean variances
(calculated above) multiplied by squared canonical correlations. It specifies the amount
of mean variance in a set explained by a canonical variable with another specific set of
variables, and can be presented in its analytical form:

R2
ul ,x2 = R2

ul
· λl (6)

or
R2

vl ,x1 = R2
vl
· λl , l = 1, 2, . . . , s, (7)

where λl: is the characteristic root of the matrix of squared canonical correlations.
The whole study used a single level of confidence α (0.05) and addressed only those

“categories” for which the p-value was below the defined level of confidence.
Canonical analysis is a method that requires the assumption that the set of variables

subject to it follows a normal distribution. Due to the difficulty in ensuring that normal
distribution is followed by every variable covered by the study, in the context of economic
phenomena it is more reasonable to use the canonical analysis for descriptive purposes
rather than for statistical inference.

A certain alternative would be to ignore the results of examining these assumptions
and to process the data as if it were distributed normally. However, such an approach
could lead to erroneous outcomes. Another option is to transform the data to bring its
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distribution closer to a normal model. Although many research projects do not accord great
attention to it, the importance of transformation is often appreciated in spatial analyses [59].

In both sets under consideration, the normality of the distribution was examined
using the results of the Shapiro–Wilk test. Conceived by S.S. Shapiro and M.B. Wilk [for
more information, see [60]], it is one of the best normality tests and demonstrates great
robustness even in the case of large samples (however, if larger than 2000, other procedures
are recommended, e.g., the Lilliefors test [for more information, see [61]]). In this test, the
statistic is a random variable expressed as:

W =
[∑i ai(n)(Xn−i+1 − Xi)]

2

∑n
j=1
(
Xj − X

)2 (8)

where ai(n) are the constants which can be found in the dedicated tables for that test.
Its statistical significance is verified by testing the following hypotheses: H0: F(x) = F0(x),

with F0(x) as the normal distribution function, versus the alternative hypothesis H1: F(x) 6= F0(x).
If some variables are identified that fail to follow the normal distribution, the Box–Cox

transformation is used to make an approximation of the normal distribution as follows [62]:

y(λ)i =

{
yλ

i −1
λ , dla λ 6= 0,

logyi, dla λ = 0.
(9)

The λ transformation parameter is selected based on the maximum likelihood estimation.

4. Results

According to the survey carried out with the presidents and vice-presidents of Pol-
ish communes, most of them (66%) view their local government unit as moderately
wealthy. Only less than 9% of respondents considered their unit to be wealthy or very
wealthy (Table 4).

Table 4. General assessment of the commune’s financial situation.

N Percentage

Very wealthy 1 0.4%
Wealthy 20 8.3%
Moderately wealthy 159 66.0%
Rather poor 56 23.2%
Very poor 5 2.1%
No opinion 0 0.0%
Total 241 100.0%

In assessing particular aspects of the standards of living in communes, the develop-
ment level of the telecommunications network (5.07) and the general esthetics of buildings
(4.93) were attributed the highest ranks (on a scale from 1 to 7). Conversely, the intervie-
wees viewed the availability of nurseries (3.01) and the availability and quality of public
healthcare services (3.29) as poor (Table 5).

Improving the availability and quality of public healthcare services (43.6%), extending
the roads and improving their quality (38.2%) and improving the cleanness of the natural
environment (32.4%) were given the highest priority in the context of improving the stan-
dards of living. In turn, improving the shopping conditions and increasing the number of
publicly owned apartments were considered to be the least important measures (each with
21.6%). What needs to be noted is the importance of environmentally focused measures.
Measures taken to improve the cleanness of air and initiatives focused on supporting
renewable energies were found to be very important or a priority by more than 75% and
more than 85% of respondents, respectively (Table 6).
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Table 5. Assessing the components of the standards of living at commune level.

Components of the Standards of Living Average Score

Development level of the telecommunications network (including mobile network coverage, broadband
Internet access) 5.07

General esthetics of buildings and green areas 4.93
Social security (ability to obtain financial and non-financial support from public institutions) 4.93
Public security level 4.88
Education conditions for children and youth (primary schools) 4.78
Street lighting 4.76
Cleanness of the natural environment 4.72
Development level of water and sewage infrastructure 4.55
Development level of sports and cultural services 4.55
Shopping conditions (including the total number and diversity of shops, availability of discount stores) 4.46
Availability of selected services (hairdresser, beautician, shoemaker, tailor, home appliance repair) 4.43
Development level of the gas network 4.32
Quantitative and qualitative condition of roads 4.30
Situation in the local labor market (wage level, the ease of finding a job) 4.18
Conditions for enjoyable ways of spending free time 3.98
Rating of tourism facilities (motels, hotels, agri-tourism) 3.74
Noise 3.61
Ability for adults to improve their skills 3.46
Communication links (including trains and urban and intercity buses) 3.43
Availability and quality of public healthcare services 3.29
Availability of nurseries 3.01

Table 6. Hierarchy of importance of measures taken to improve the standards of living.

Irrelevant/not
Important

Of Minor
Importance

Of Medium
Importance Very Important Priority/of

Relevance

Improving the availability and quality of
public healthcare services 0.0% 0.0% 0.0% 56.4% 43.6%

Improving public security 0.0% 7.1% 13.3% 66.0% 13.7%

Increasing the number of ways of
spending free time 0.0% 1.7% 24.5% 60.6% 13.3%

Improving the education conditions for
children and youth (primary schools) 1.7% 2.9% 10.0% 61.4% 24.1%

Increasing the ability for adults to
improve their skills 2.5% 10.8% 45.2% 35.3% 6.2%

Increasing the availability of nurseries 6.6% 8.3% 15.8% 53.1% 16.2%

Increasing the level of computerization
and digitization in schools 4.6% 6.6% 6.6% 58.9% 23.2%

General improvement of cleanness of the
natural environment 0.4% 2.1% 8.7% 56.4% 32.4%

Support for renewable energies 0.0% 5.4% 9.1% 56.0% 29.5%

Increasing the percentage of
recycled waste 0.4% 5.4% 35.7% 30.7% 27.8%

Improving the cleanness of air 0.0% 0.4% 24.1% 43.2% 32.4%

Reducing noise (e.g., by reducing
traffic intensity) 6.6% 9.1% 14.1% 53.1% 17.0%

Extending the area of forested land 11.6% 15.8% 17.8% 49.0% 5.8%

Improving the esthetics of buildings and
green areas 3.7% 10.4% 24.9% 51.0% 10.0%
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Table 6. Cont.

Irrelevant/not
Important

Of Minor
Importance

Of Medium
Importance Very Important Priority/of

Relevance

Extending the roads and improving
their quality 0.0% 1.7% 9.1% 51.0% 38.2%

Extending the sidewalks 0.0% 1.2% 17.4% 55.2% 26.1%

Extending cycling paths 2.5% 8.7% 14.9% 58.5% 15.4%

Creating parking lots and parking spaces 7.9% 7.5% 24.1% 52.3% 8.3%

Extending communication links
(including trains and urban and
intercity buses)

2.1% 3.7% 25.7% 56.8% 11.6%

Upgrading and extending the street
lighting system 3.7% 10.8% 14.9% 61.4% 9.1%

Developing the water and
sewage infrastructure 3.7% 3.7% 35.3% 38.6% 18.7%

Developing the gas network 2.5% 12.9% 39.4% 35.3% 10.0%

Extending the range of sports and
cultural services 1.7% 5.0% 41.9% 43.2% 8.3%

Improving broadband Internet access 2.5% 9.1% 36.5% 46.1% 5.8%

Extending tourism facilities 5.8% 16.6% 23.7% 49.0% 5.0%

Developing investment areas 3.3% 7.9% 14.1% 62.7% 12.0%

Increasing the number of undertakings 3.3% 7.1% 14.5% 58.1% 17.0%

Improving the availability of selected
services (hairdresser, beautician,
shoemaker, tailor, home appliance repair)

19.9% 14.5% 25.7% 36.9% 2.9%

Improving the shopping conditions
(including an increase in the total
number of stores)

21.6% 12.9% 23.2% 41.1% 1.2%

Improving social security (the ability to
obtain financial and non-financial
support from public institutions)

3.3% 4.1% 22.0% 60.6% 10.0%

Increasing the number of publicly
owned apartments 21.6% 10.4% 14.5% 37.3% 16.2%

Improving the quality of publicly
owned apartments 14.9% 12.4% 17.4% 37.8% 17.4%

The canonical analysis was carried out to provide more in-depth insights. As a tool
employed in multidimensional comparative analyses, it enabled estimating the relation-
ships between two pre-selected datasets (relating to the commune’s financial situation and
the residents’ standards of living). It was then used to determine the extent and direction of
relationships between the two sets of variables relating to these aspects. The null hypothesis
formulated in the canonical analysis claimed the absence of relationships between the sets
of variables (meaning that each canonical correlation is zero). If the null hypothesis in the
above wording is rejected, the assumption is made that at least the first pair of canonical
variates generated (the one with the highest value) is statistically significant. The statistical
significance of these canonical variates is verified with the Wilks’ lambda test, a sequential
procedure which initially takes all of them into account. Then, in successive steps, it tries to
reject the hypothesis on the absence of relationships between the datasets by ignoring the
co-variability reflected by the first k canonical correlations (Table 7).

As mentioned earlier, the total number of canonical roots generated always corre-
sponds to the minimum number of variables covered in one of the sets under consideration.
In this case, there are 21 canonical roots, which is explained by the size of the set of variables
describing the population’s standards of living. The first pair of roots generated by the
canonical analysis—which provides a synthetic description of interactions between the sets
of variables relating to the financial situation of communes and the population’s standards



Energies 2022, 15, 5448 14 of 24

of living—explains most relationships between them. Hence, research practice places the
greatest emphasis on the correlation found in the first canonical variate. In this context,
P. Churski [63] claims that of all the estimated coefficients of canonical correlation, only
the first one (the one with the highest value, which relates to the strongest relationship
between the combinations of dependent and independent variables) should be selected.
However, it is important to note that the first pair of canonical variates fails to fully explain
the relationships between the variables considered. As a consequence, it is worthwhile to
determine subsequent pairs of canonical roots as they explain the relationships in other (less
significant) dimensions. The roots generated by the canonical analysis are not correlated
with each other (as they explain the relationships between sets of input variables in other
dimensions), and are meant to explain the increasingly smaller variation. Note also that the
canonical correlations will be increasingly smaller. The author of this paper believes that
an in-depth analysis should be carried out on all statistically significant canonical variates
(there are six of them) because they might contribute with relevant information on the
co-variability between datasets considered.

Table 7. Results of the Wilks’ lambda test.

Removed Root Canonical
Correlation (R)

Squared
Canonical

Correlation (R2)
χ2 Test Value

Number of
Degrees of

Freedom for the
χ2 Test

p Likelihood for
the χ2 Test

Wilks’ Lambda
Statistic

0 0.9305 0.8659 1581.3510 735 0.0000 0.0006
1 0.8364 0.6995 1156.4380 680 0.0000 0.0042
2 0.6818 0.4648 902.1439 627 0.0000 0.0140
3 0.6472 0.4188 769.9178 576 0.0000 0.0262
4 0.6248 0.3903 655.1355 527 0.0001 0.0452
5 0.5716 0.3268 550.4706 480 0.0148 0.0741
6 0.5535 0.3064 466.7864 435 0.1430 0.1100
7 0.5070 0.2571 389.4207 392 0.5273 0.1586
8 0.4733 0.2241 326.5693 351 0.8198 0.2135
9 0.4434 0.1966 272.9172 312 0.9453 0.2752

10 0.4043 0.1634 226.6113 275 0.9847 0.3425
11 0.4000 0.1600 188.8694 240 0.9935 0.4094
12 0.3774 0.1424 151.9870 207 0.9984 0.4874
13 0.3558 0.1266 119.4952 176 0.9996 0.5684
14 0.3197 0.1022 90.8755 147 0.9999 0.6507
15 0.2935 0.0861 68.0796 120 1.0000 0.7248
16 0.2687 0.0722 49.0324 95 1.0000 0.7931
17 0.2357 0.0556 33.1879 72 1.0000 0.8548
18 0.2118 0.0449 21.0946 51 0.9999 0.9051
19 0.1737 0.0302 11.3866 32 0.9997 0.9476
20 0.1515 0.0229 4.9081 15 0.9929 0.9771

The canonical correlations were arranged with values in descending order (Table 7).
Note that the canonical correlations cannot be interpreted in the same way as the classical
(e.g., Pearson) correlation. They are correlations between weighted sums in each set, with
the weights being calculated for successive canonical variates.

The highest canonical correlation was over 0.93 (the Wilks’ lambda test used to verify
its significance was 0.0006). For the second statistically significant canonical variate, it was
nearly 0.84. The values for successive canonical variates were much smaller. The sixth
(last statistically significant) canonical variate had a correlation coefficient of slightly above
0.57. The calculated value of the canonical correlation coefficient determines the level of
confidence in the coefficient of compound determination. A high correlation between sets
X and Y is considered to provide a liable basis for accepting the canonical determination,
whereas a small or statistically insignificant value of the canonical correlation coefficient
does not provide sufficient grounds. The absence of a canonical correlation would mean
either that the model structured in the study is inadequate or that actually no relationships
exist between the sets under consideration. Squared canonical correlations measure the
degree to which linear relationships explain the variation in one set of variables by the
second input set with successive pairs of canonical variates. For the first, second and last
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statistically significant canonical variate, squared canonical correlations are almost 0.87,
almost 0.70 and 0.33, respectively. It can therefore be assumed that the model developed
in this study provides quite an adequate description of the datasets considered. The
high and statistically significant values of canonical correlation for the first six pairs of
canonical roots mean that the linear models used are an exact description of both datasets
relating to the communes’ financial capacity and the residents’ standards of living. Other
pairs of canonical variates identified are not correlated with each other in a statistically
significant way, and therefore (as mentioned earlier) are ignored in further description
and interpretation.

This study intended to examine the structure of relationships between sets of sub-
variables describing the communes’ financial capacity and the residents’ standards of living.
The canonical weights (see Table A1) developed for these sets of variables make it easier
to explore the structure of canonical variates by showing the contribution each variate
makes to the weighted sum (this is often interpreted similarly as the beta coefficients in
multiple regression).

It follows from the calculations that for the most statistically significant canonical
variate, the greatest (absolute) weights are found in variables S10 (0.5870) and FC10 (0.7926).
Based on the above, it can be assumed that the investment expenditure per capita and the
quantitative and qualitative conditions of roads contributed the most to the first canonical
variate. When it comes to determining the second statistically significant canonical variate
using the sub-variables covered by the study, the greatest contribution was recorded for
FC3 (−0.7936) related to the share of healthcare expenditure in the budget and for S1
(−0.7445) related to the availability and quality of public healthcare services. In the case
of the third canonical variate, the greatest absolute values of weights were identified
for sub-variables FC18 (−0.5500) related to the amount of own revenue per capita and
S10 (−0.4233) representing the condition of roads in the unit concerned. In turn, the
greatest contributors to the fourth canonical variate were FC17 (−0.6522), the variable
that represents total revenue per capita, and S16 (0.5216) related to the development level
of the telecommunications network. Regarding the fifth canonical variate, the greatest
weights were identified for sub-variables S3 (0.8609) referring to the conditions for enjoyable
ways of spending free time and FC7 (0.6426) which reflects the share of sports and leisure
expenditure in the budget. Finally, for the last statistically significant variate, the greatest
canonical weights were identified in variable FC18 (−0.6762) relating to own revenue per
capita and in variable S13 (0.8144) which describes the development level of water and
sewage infrastructure.

To dive deeper into analyzing the structure of canonical roots, this study also calculated
the values of canonical factor loadings which are equated with coefficients of correlation
between a canonical variate and input variables. The higher the (absolute) value of a factor
loading, the greater should be the importance attached to that variable when interpreting
the relevant canonical root. The literatures on the subject are not unanimous regarding
the critical value of factor loadings for particular variables that need to be subject to
an in-depth analysis. J. Zwierzchowski and T. Panek [64] suggest interpreting the variables
for which the squared coefficient of correlation exceeds 0.50. Conversely, G. Więcek and
A. Sękowski [65] believe that only the variables with a factor loading (rather than a squared
loading) over 0.30 (in absolute terms) should be considered. In these analyses, the critical
value of that correlation coefficient was set at 0.40.

In the set of variables relating to the financial situation of communes, the first canonical
root has the greatest factor loading for the variable FC10 (0.9388); the second canonical
variate has the greatest factor loading for the variable FC3 (−0.8468); it is FC27 (−0.5063)
in the third one; FC29 (0.4255) in the fourth one; FC7 (0.4742) in the fifth one; and FC17
(0.3649) is the last statistically significant canonical variate. In turn, when it comes to the
set of variables relating to the standards of living, the first canonical root has the greatest
factor loading for the variable S10 (0.9357); it is the variable S1 (−0.7669) in the second one;
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S7 (−0.5800) in the third one; S20 (−0.6199) in the fourth one; S3 (0.6592) in the fifth one;
and S1 (−0.3091) is the last statistically significant canonical variate.

Some researchers believe that canonical factor loadings must be used in interpreting
each canonical variate because they are easy to intuitively understand. However, it needs
to be noted that these coefficients tell how much correlation there is between single-input
variables and canonical variates; unlike canonical weights, they do not take into account co-
variability effects inside the set of input variables under consideration. As a consequence,
the interpretation of canonical roots based on correlation coefficients can lead to other find-
ings than a more complete “multidimensional” interpretation underpinned by canonical
weights [64]. This was the decisive argument for relying on the latter interpretation method
in this analysis.

Based on canonical weights and factor loadings (and substantive grounds), it
can be concluded that the first statistically significant canonical root explained the
following relationships:

• the greater the share of water and sewage infrastructure in the budget, the higher the
development level of water and sewage infrastructure;

• the quantitative and qualitative conditions of roads improve along with: an increase in
the share of share of expenditure on transportation and communications infrastructure
in the budget; an increase in investment expenditure per capita; an increase in the
share of expenditure on assets in total expenditure; and the growth in importance of
car tax in the budget;

• a positive relationship exists between the share of public security expenditure in the
budget, the share of sports and leisure (including community centers, tourism infras-
tructure) expenditure in the budget, the share of environmental protection expenditure
(on the one side) and a higher ranking of the conditions for enjoyable ways of spending
free time (on the other side);

• a positive relationship exists between the importance of revenue from forestry tax
(largely dependent on how densely the area is covered by forests) and from property
tax (the amount of revenue from property tax somehow reflects the residents’ eco-
nomic activity—which has an effect on the amount and ways of spending their free
time—because revenue streams from owners of property not related to an economic
activity are much smaller than when related to an economic activity) on the one side
and the conditions for spending free time on the other;

• as total revenue and own revenue per capita grows, there is an improvement in the
quantitative and qualitative condition of roads, in the conditions for enjoyable ways of
spending free time and in the development level of water and sewage infrastructure.

When analyzing factor loadings and canonical weights in the second statistically
significant canonical root, note that as the share of healthcare expenditure in the budget
declines, so does the availability and quality of public healthcare services.

The following can be concluded based on the values of factor loadings and canonical
weights generated for the third canonical root:

• growth in the self-financing ratio of the commune, in the share of operating surplus
in total revenue, in the share of operating surplus and of revenue from property
sold in total revenue entails improvements in: public security; the ability for adults
to improve their skills; the cleanness of the natural environment; and the rating of
tourism facilities;

• a similar relationship exists for the ratio of total liabilities per capita; this is probably
because, on the one hand, higher liabilities per capita suggest the local government
unit has a smaller financial potential in fulfilling its tasks. However, on the other hand,
the liabilities usually result from the need to rely on external resources in financing
investments. Hence, a high liabilities per capita ratio could mean the LGU is a highly
active investor and is capable of ensuring greater revenue in the future cf. [66].

• when there is growth in: the ratio of debt servicing expenses to total revenue; the ratio
of debt servicing expenses to own revenue; and the share of maturing liabilities in
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total liabilities, there might be a deterioration in: public security; the ability for adults
to improve their skills; the cleanness of the natural environment; and the rating of
tourism facilities.

Conversely, when comparing canonical weights to factor loadings for the fourth canon-
ical variate, it can be concluded that as the commune’s self-financing ratio (which represents
the degree to which the local government units finances its investments with its own funds)
grows, and as the total debt level declines, there is improvement in: education conditions
for children and youth; street lighting; shopping conditions; and the development level
of sports and cultural services. In turn, based on values of canonical weights and factor
loadings for the fifth canonical root, it can be stated that as the share of sports and leisure
expenditure in the budget grows, there is an improvement in the conditions for spending
free time and in education conditions for children and youth.

Next, according to the analysis of factor loadings for the sixth canonical root, none
of the factor loadings exceeded the critical value of 0.40. Therefore, factor loadings and
canonical weights were not interpreted for this canonical variate.

The analyses included calculating the squared coefficient of correlation, referred
to as the coefficient of determination, which reflects the proportion of variance in one
variable explained by another one. By squaring the factor loading values (representing the
correlation), the author determined how much variance of a variable is explained by the
canonical variate. Moreover, the mean value of that proportion for all variables tells the
average percentage of variance explained by the given canonical variate in that dataset.
This kind of variance is referred to as variance extracted (see Table 8).

Table 8. Variances extracted and redundancies.

Specification
Set of Variables Relating to the Financial

Situation of Communes
Set of Variables Reflecting the Standards

of Living

Variance Extracted Redundancy Variance Extracted Redundancy

First canonical variate 0.1683 0.1458 0.1381 0.1195
Second canonical variate 0.0811 0.0567 0.0542 0.0379
Third canonical variate 0.0722 0.0336 0.0789 0.0367
Fourth canonical variate 0.0469 0.0197 0.0983 0.0412
Fifth canonical variate 0.0290 0.0113 0.0607 0.0237
Sixth canonical variate 0.0276 0.0090 0.0295 0.0096

The next step consisted in multiplying the eigenvalues of the matrix related to the
matrix of correlations between the variables of the two sets by the squared canonical
correlation. This resulted in a new “synthetic indicator” referred to as the redundancy of
a set of variables with respect to another set. It shows the portion of mean variance in one
set explained by the given canonical variate when another set is known (in other words,
how redundant a dataset is when another dataset exists). Total redundancy means the sum
of redundancies calculated for all canonical variates created.

The most statistically important canonical variate extracts nearly 17% of variance in
the set of variables related to the financial situation of communes and almost 14% in the
second set (related to the population’s standards of living). In turn, the second canonical
variate extracts ca. 8% in the first set and over 5% in the second. For other canonical roots,
variance extracted varied in the range from below 2.8% (for the sixth canonical root) to
7.2% (for the third canonical root) in the set of variables relating to the financial situation
of communes, and from below 3.0% (sixth canonical root) to nearly 10% (fourth canonical
root) in the set of variables relating to the population’s standards of living.

The latter set of variables can explain 14.6%, 5.7%, 3.4%, 2.0%, 1.1% and 0.9% (respec-
tively) of variance in the set of variables relating to the financial situation of communes.
Conversely, the set of input variables referring to the financial situation of communes can
explain 12.0%, 3.8%, 3.7%, 4.1%, 2.4% and 1.0% (respectively) of variance in the second
set based on the first six statistically significant canonical variates. Hence, the third and
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successive statistically significant canonical variates have only a small contribution to
explaining the variation.

The analysis also included calculating total redundancy (it seems to be one of the
key indicators generated in a canonical analysis), interpreted as the mean percentage of
variance explained in a set of variables with a given second set based on all canonical
variates. It follows from the calculations that when the variables relating to the financial
situations of communes are known, they can explain 32.34% of variance in the set of
variables used in describing the population’s standards of living. The value of this indicator
can be considered high. In order to obtain better results, it would be worthwhile to carry
out a study with another set of input variables and another number of variables.

The dispersion graph (Figure 1) for the first statistically significant canonical variate
does not reveal a strong dispersion of points representing the objects coved by the analysis.
The points are positioned close to a straight line (with a positive slope). The above means
that these pairs of canonical variates convey a significant portion of information on co-
variability between the two sets of input variables considered. The closeness of most points
(which, in this canonical analysis, represent selected Polish communes) could mean the
input variables share a similar structure. In the dispersion graph for the last statistically
significant canonical variate, the points representing the objects covered by the analysis are
also positioned along a positively sloped line but are more dispersed with respect to it. It
means that this pair of canonical variates conveys much less information on co-variability
between the two variables considered than the first pair of canonical variates.
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Figure 1. Dispersion graphs for the first and the last statistically significant canonical variates.

5. Discussion

The canonical analysis allowed the author to present a comprehensive picture of the
complex relationship structure between two sets of variables. The procedure included:

• specifying the level of impact the set of independent variables (financial situation
of Polish communes) has on the set of dependent variables (population’s standards
of living);

• determining the degree of correlation between each original variable in both sets and
the canonical variate (factor loadings were calculated);

• calculating the contribution (canonical weight) of each original variable to the
canonical variate;

• calculating the variances extracted which tell the part of total variation in the set that
can be attributed to a specific canonical variate;

• calculating the redundancy index which allows the author to tell how much mean
variance in a set is explained by a specific canonic variate of the second set, and what
the total redundancy expressed as the sum of redundancies for all canonical variates is

Figure 2 presents a synthetic view of key results.
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The review of the literatures on the use of the canonical analysis proves it to be one
of the least widespread statistical methods in social sciences. Therefore, it is rarely used
in the context of the population’s standard (or quality) of living and its determinants
(especially the financial situation of local government units). For this reason, it is difficult
to relate the results obtained to the results of other authors. Hence, it is worth mentioning
the study by O.R. Ebenezer [67], who carried out a canonical analysis of data for the
Ekiti state in Central Nigeria and demonstrated that a positive correlation exists between
poverty level and literacy skills. M. Krzyśko et al. [55] used the canonical analysis to
identify the relationship between the quality of life and the level of human capital, on
one side, and the development level of higher education facilities in Polish voivodeships,
on the other. In turn, K. Chin-Tsai [68] carried out a canonical analysis with a view to
assess the relationships between the cyclists’ quality of life and how satisfied they are with
their jobs. Additionally, E.A. Vanner et al. [69] uses the canonical analysis to explore the
multidimensional relationships between having a physical mental handicap and being
socially/environmentally disabled, on one side, and the levels of physical and recreational
activity and the quality of life, on the other.

The relatively small popularity of the canonical analysis in economic research can
be explained by it being quite complex (it has a number of prerequisites, including the
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knowledge of multiple regression). Additionally, it demonstrates certain difficulties in
interpreting the outcomes, due to such aspects as the large number of indicators calculated.
However, considering the multifaceted nature of the phenomena covered by this study,
it seems reasonable to use this multidimensional exploration technique in assessing the
interactions between them. When investigating into multifaceted developments, using
tools such as multiple regression models and investigating into each explained variable one
by one could contribute to the possibility of narrowing and distorting the results of analyses,
because there would be a risk of losing relevant data on interactions in sets of explained
variables. Furthermore, it seems insufficient to rely solely on a classical correlation analysis
between pairs of variables, as it fails to address the relationships inside the sets of variables
covered. In turn, though frequently used, multiple correlation can only be used to measure
non-linear or linear relationships between one variable and a set of explanatory variables.

This study did not group the communes into rural, urban and urban–rural units. In-
deed, as demonstrated by A. Bieniasz et al., the mean synthetic metric of financial situation
of Polish communes did not differ between the types of communes. However, rural com-
munes are relatively much less financially autonomous than other types. Additionally, they
demonstrated a remarkably higher level of current transfers per capita, and differed from
other types (especially from urban to rural units) in the levels of operating surplus and debt
per capita (each being highly variant) [66]. A. Standar also demonstrated that irrespective
of their type, most communes (70%) in the Wielkopolskie voivodeship have a medium
financial situation. The best financial situation is witnessed in communes located in the
immediate vicinity of big cities, whereas a remote location mostly restricts the revenue
potential which reduces investment capacity [70].

In future research projects, it would be worthwhile to weigh the diagnostic sub-
variables. It should however be noted that the literature often calls into question the
procedure for weighing variables related to spatial data cf. [61,71]. It recommends that
weight coefficients not be assigned to diagnostic variables for a number of reasons, includ-
ing the fact that variables other than the selected ones would be assigned zero weights
on an a priori basis. Another issue not addressed in this study is the distinction between
an urban and a rural environment which would certainly enable a more complete analysis
of this topic (as these areas differ in the functions they deliver).

6. Conclusions

In Poland, local government units at the commune level are more frequently accessing
external sources of financing due to insufficient own funds. Unfortunately, the growing
levels of debt of many local government units are not only caused by investment financing
and implementation (this is referred to as “good” debt) but also result from their day-to-
day activities (“bad” debt). When local government units incur debt to cover day-to-day
expenses or repay previous debts, they increase liquidity risks which thus contribute to
them becoming insolvent. In this context, note that the growing debt of LGUs should not
be generally considered wrong. It would be difficult not to agree with K. Sawicka who
stated that public debt can be either of a constructive or a destructive nature. The first type
involves positive effects that drive development whereas the second refers to undesired
debt which reduces development opportunities and could even lead to insolvency cf. [72].

This study was about identifying the multidimensional relationships between the
financial situation of communes and the residents’ standards of living in Poland. The
analyses determined a number of statistical and econometric metrics.

The first stage of the study took six canonical variates into account based on the results
of the Wilks’ lambda test of significance. It follows from the examination that a relatively
strong statistical relationship exists between the phenomena covered by this analysis. The
resulting canonical analysis models provided grounds for a redundancy analysis which
concluded that when the values of variables representing the financial situation of Polish
communes are known, they can be used in explaining over 32% of the variance in the set
of variables relating to the population’s standards of living. Note also that the calculated
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canonical correlation coefficients were statistically significant and high, going above 0.57 for
each canonical variate covered by the in-depth analysis.

It seems that the results of analyses can be of indirect use to representatives of local
authorities, for instance, those in charge of local and regional (sustainable) development
in a context of adjusting the budgets, in assessing the condition of assets (including asset
management efficiency), in assessing the quantitative and qualitative conditions of public
service infrastructure, and in updating the development priorities at the local government
level (e.g., by aligning the scope and quality of services with the residents’ expectations).
The tasks performed by local government units, as defined in development strategies,
require more than just information on budget performance. It is also important to identify
reasonable ways of spending the available funds while having in mind the unit’s multidi-
mensional financial situation. In Poland, this is all the more important because, as noted by
K. Brzozowska [73], “the core obstacle to developing public investments consists in their
capital intensity and in whether they can actually be financed with public funds”.
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Appendix A

Table A1. Canonical weights and loadings.

Variables

Canonical Weights Factor Loadings

Variables Relating to the Standards of Living

I II III IV V VI I II III IV V VI

S1 0.2078 −0.7445 * 0.3565 −0.1680 −0.1917 −0.3890 0.3365 −0.7669 0.1463 −0.1502 0.0341 −0.3091
S2 0.0303 0.0662 −0.1157 * −0.2330 0.1104 −0.0675 0.0119 0.0938 −0.4000 −0.0541 0.0457 0.0229
S3 0.1103 * 0.0734 −0.0054 0.1737 0.8609 * −0.1479 0.5584 −0.0374 −0.0843 −0.0557 0.6592 −0.1595
S4 0.0464 0.0627 0.1882 −0.2190 * 0.3798 * 0.2409 0.2304 0.1339 0.1740 −0.4594 0.4742 0.1027
S5 0.0309 −0.0388 −0.3932 * 0.0571 0.1154 −0.4390 0.2432 −0.1519 −0.5576 −0.2008 0.2778 −0.3071
S6 −0.0624 −0.1487 0.0241 −0.1391 0.1053 0.0030 0.3050 −0.1787 −0.3472 −0.3326 0.2844 −0.1134
S7 −0.0104 −0.0494 −0.3474 * 0.0432 −0.0762 −0.0690 0.0206 0.0048 −0.5800 0.0928 −0.0814 −0.0665
S8 0.0079 0.0928 0.0544 0.0634 −0.0346 0.1422 0.1796 −0.0305 −0.2056 −0.0806 0.0251 0.0327
S9 0.0080 −0.0500 −0.0139 0.3453 0.1583 −0.3957 0.2354 0.1858 0.2296 −0.0230 0.3002 −0.2468

S10 0.5870 * 0.6799 −0.4233 0.0971 −0.6007 −0.6326 0.9357 0.2676 −0.0926 0.0500 −0.0988 −0.0538
S11 0.0360 −0.0579 −0.1090 0.0162 −0.2810 −0.0705 0.3017 −0.1594 −0.2713 −0.3011 0.0238 −0.0158
S12 −0.0853 0.0999 0.2476 −0.2002 * 0.1073 −0.1963 0.2421 0.2755 0.2022 −0.4262 0.2296 −0.1569
S13 0.3415 * −0.3967 0.3996 −0.0343 0.0378 0.8144 0.8718 0.0483 0.1193 −0.0233 −0.0767 0.2693
S14 0.0352 −0.1847 −0.1970 −0.1098 −0.1857 −0.0920 0.2131 −0.2162 −0.2633 −0.3539 −0.1167 0.0193
S15 0.0553 0.1535 −0.0600 −0.4147 * −0.0875 0.1690 0.3291 0.2220 0.0187 −0.5683 0.1887 0.0676
S16 0.0413 −0.1644 0.1654 0.5216 0.1553 0.3579 0.3099 −0.0300 0.1864 0.3322 0.1986 0.2128
S17 0.0034 −0.1257 0.3707 * 0.1658 0.2070 0.4014 0.2408 −0.1801 −0.4137 −0.1663 0.3196 0.2493
S18 −0.0270 −0.1821 −0.1618 −0.1311 −0.0284 0.2920 0.1367 −0.2463 −0.1961 −0.3144 0.0805 0.3065
S19 −0.0062 0.1236 −0.0933 −0.1866 * 0.1205 0.2913 0.1707 0.0143 −0.1347 −0.5214 0.2224 0.0727
S20 −0.0244 0.0641 −0.0398 −0.3028 * −0.2084 −0.2094 0.1922 0.0538 −0.1286 −0.6199 0.1720 −0.0110
S21 −0.0223 0.1824 0.1424 −0.0633 −0.2439 −0.1604 0.0534 0.2520 0.2980 −0.2042 0.1073 −0.0470

Variables
Variables relating to the commune’s financial situation

I II III IV V VI I II III IV V VI

FC1 0.0124 * −0.1488 −0.1041 0.0552 −0.0992 0.1613 0.4135 −0.1511 −0.0665 0.0811 −0.0725 0.1132
FC2 0.0156 * 0.0266 0.1313 0.0026 −0.1203 −0.1733 0.5382 −0.3286 −0.0224 0.0329 −0.0505 −0.1325
FC3 0.1525 −0.7936 * 0.2200 −0.1531 −0.1531 −0.4538 0.3024 −0.8468 0.0761 −0.0539 −0.1362 −0.1749
FC4 0.0051 −0.0719 0.3860 0.0553 0.0047 −0.2797 0.2830 0.0713 0.3312 0.0331 0.0903 −0.2228
FC5 0.1478 * −0.1298 0.4028 −0.1612 0.2257 0.4496 0.5726 −0.1714 0.2012 0.1039 0.2528 0.2538
FC6 0.0501 * −0.0158 0.0132 0.0684 0.0996 0.0122 0.5487 −0.2027 0.0698 0.1695 0.2532 0.0249
FC7 0.0124 * −0.0103 −0.2232 0.0206 0.6426 * −0.1019 0.6244 −0.0499 −0.0465 0.0098 0.4742 −0.1405
FC8 0.0449 * 0.0639 0.2394 −0.0835 0.2421 −0.1932 0.5073 −0.0843 0.0797 0.2455 0.2835 −0.1893
FC9 0.0108 * −0.1375 −0.0948 0.4672 −0.3158 0.0865 0.4860 −0.2194 −0.1249 0.3739 −0.0457 0.1038
FC10 0.7926 * 0.3810 −0.0133 −0.0208 −0.5847 −0.2286 0.9388 0.2586 −0.0669 0.0599 −0.0612 −0.1018
FC11 0.0060 * 0.3006 −0.3596 0.1463 0.1592 −0.1336 0.6820 −0.0758 −0.1304 0.2994 0.0292 −0.0031
FC12 0.0169 −0.1674 0.0082 0.0655 0.2166 −0.3720 0.3791 −0.2215 −0.1394 0.1791 0.2340 −0.0092
FC13 0.0004 * 0.0886 −0.0898 0.1032 −0.1205 0.2344 0.4235 −0.2303 −0.1774 0.2952 0.0187 0.1316
FC14 0.0689 * −0.0738 −0.0053 0.0517 0.0256 0.1451 0.4557 −0.3097 −0.2535 0.2832 0.0170 0.1823
FC15 0.0392 * −0.0400 0.3269 0.0676 −0.4708 0.6107 0.4740 −0.3510 −0.1641 0.2386 −0.0554 0.2143

https://repod.icm.edu.pl/dataset.xhtml?persistentId=doi:10.18150/UNRBM2
https://repod.icm.edu.pl/dataset.xhtml?persistentId=doi:10.18150/UNRBM2
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Table A1. Cont.

Variables

Canonical Weights Factor Loadings

Variables Relating to the Standards of Living

I II III IV V VI I II III IV V VI

FC16 −0.1312 0.0648 −0.3865 −0.1395 0.1224 −0.1924 0.3974 −0.3145 −0.2584 0.2124 0.0299 0.0981
FC17 0.1094 * 0.1637 0.3376 −0.6522 −0.0737 0.4177 0.4611 −0.1933 −0.0026 −0.1387 0.1338 0.3649
FC18 0.1236 * −0.1818 −0.5500 0.5594 −0.1566 −0.6762 0.4403 −0.3197 −0.3116 −0.0290 0.0859 0.1868
FC19 0.0840 * −0.1267 0.2844 −0.2162 0.0967 0.5260 0.4331 −0.3770 −0.1149 −0.0342 0.0696 0.2724
FC20 −0.0061 −0.2871 0.0657 0.3749 0.0784 −0.2311 0.3735 −0.2784 0.0294 0.0180 0.1554 0.2098
FC21 0.0687 0.0646 0.1826 −0.1314 0.4342 0.5982 0.3939 −0.3559 −0.2108 −0.0503 0.1694 0.2779
FC22 0.0490 0.0087 −0.0269 −0.1913 −0.3283 −0.0462 0.2796 −0.2827 −0.3602 −0.1991 −0.0973 0.1839
FC23 −0.0247 0.1522 −0.1461 −0.0906 −0.2406 −0.3578 0.2338 −0.3131 −0.2081 0.1190 0.0221 0.0565
FC24 −0.1094 0.0812 −0.0827 0.0854 0.0407 −0.2245 0.3151 −0.2972 −0.2126 0.0572 0.0193 0.1269
FC25 0.0664 −0.0273 −0.0100 0.3350 0.2816 0.1907 0.3352 −0.2486 −0.2054 0.1886 0.1266 0.2743
FC26 −0.0173 0.0383 −0.2647 * −0.3888 * 0.2591 −0.1245 0.3065 −0.0985 −0.4293 −0.4148 0.1765 −0.0255
FC27 −0.0558 0.0145 −0.2449 * −0.2020 0.2881 0.1514 0.1215 −0.1592 −0.5063 −0.1179 0.2628 0.2355
FC28 0.0744 −0.1064 −0.0636 * −0.3491 −0.0289 0.0754 0.2876 −0.2369 −0.4554 −0.3358 0.1794 0.1431
FC29 −0.0007 0.1577 0.2457 0.2947 * −0.2358 0.4643 0.0736 −0.1022 −0.1659 0.4255 −0.1874 0.0675
FC30 0.0274 −0.0166 −0.2484 * −0.2684 0.1862 −0.5196 0.1273 −0.1942 −0.4204 −0.3472 −0.1827 −0.0359
FC31 0.0663 0.1383 0.3475 −0.3732 −0.4394 0.0568 0.1213 −0.2292 −0.3396 −0.3391 −0.1974 −0.0162
FC32 −0.0259 −0.0569 −0.1810 0.1895 0.1618 −0.0966 0.0610 −0.2175 −0.3477 −0.1922 −0.1365 0.0416
FC33 0.1403 −0.0099 0.2037 * −0.2687 0.4647 −0.2566 0.1183 −0.3014 0.4091 −0.2859 −0.1494 0.1012
FC34 −0.0701 0.1285 0.0817 * −0.1809 −0.6245 0.6676 0.0917 −0.3133 0.4532 −0.1954 −0.2455 0.1484
FC35 −0.0696 −0.4196 0.1280 * −0.5037 0.1712 −0.1914 0.0194 −0.3490 0.4804 −0.0895 −0.1802 0.0190

Symbols: I, . . . , VI: numbers of statistically significant canonical roots. * designates the values of weights for
which the factor loadings are in excess of 0.40.
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43. Słaby, T. Poziom i jakość życia. In Statystyka Społeczna; Panek, T., Ed.; PWE: Warszawa, Poland, 2007; pp. 99–130.
44. Brewer, M.; O’Dea, C. Measuring living standards with income and consumption: Evidence from the UK. IFS Work. Pap. 2012,

12, 1–92. [CrossRef]
45. Beccaria, L.; Fernández, A.L. Measuring multidimensional poverty using households surveys. Probl. Desarro. 2020, 51, 129–156.

[CrossRef]
46. Dennis, L. Determinants of financial condition: A study of U.S. cities. Electron. Theses Diss. 2004, 179, 1–159.
47. Wang, X.; Dennis, L.; Tu, Y.S.J. Measuring financial condition: A study of US states. Public Budg. Financ. 2007, 27, 1–21. [CrossRef]
48. Pina, V.; Bachiller, P.; Ripoll, L. Testing the reliability of financial sustainability. The case of Spanish local governments.

Sustainability 2020, 12, 6880. [CrossRef]
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65. Więcek, G.; Sękowski, A. Powodzenie w kształceniu integracyjnym a wybrane zmienne psychospołeczne—Weryfikacja modelu

teoretycznego. Rocz. Psychol. 2007, 10, 89–111.
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