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Abstract: Intense global urbanization, including spatial planning development, is an essential area
that determines sustainable development. It is known that urban development is typically tied to
an increase in socioeconomic productivity while also creating considerable inequalities. Despite
mounting evidence of intense urban area development, little is known about its consequences on
the sustainable development of territories adjacent to said areas. Despite the positive and negative
consequences of urbanization and their impact on sustainable development often being highlighted,
there is little understanding of and a dearth of analyses on sustainability processes that include spatial
planning development. To fill this gap, it must be assessed where sustainable development is actually
taking place. Such analyses should not only be confined to the four essential areas: economic devel-
opment, social development, environmental development, and institutional development, that are
tied to sustainable development index calculations. They should also determine the transformations
experienced by the areas and factor in a fifth analysis area: spatial planning development. In this
paper, detailed data sourced from the Statistics Poland were used to formulate sustainable devel-
opment indices for urban, rural-urban, and rural communes of the Podkarpackie region of Poland.
The data concerned the five areas listed above. Using data standardization and the averaged index
method, sustainable development index values were quantified to demonstrate that they displayed
various levels of inequalities for the two reference periods of 2015 and 2020. These statistics indicate
the key role of spatial planning development in assessing sustainability indices. The findings show
that it is not only possible to enhance standard calculation methods to include other data and use
them in time and space to create a simple and general quantitative rating of sustainable development,
but urbanization can also be factored in that includes spatial planning development. The findings
show that a modified computation approach is a reliable and relatively complete index of sustainable
development that compensates for the deficiencies of current metrics.

Keywords: sustainable development index; economic development; social development;
environmental development; institutional development; spatial planning; Podkarpackie Voivodeship

1. Introduction

Since defining sustainable development as a term by the G. Brundtland Commission
on Environment and Development and the adoption of the Agenda 2030 and Sustainable
Development Goals by United Nations Member States [1], both state governments of
individual countries and researchers/scholars take action to study and monitor progress
in this regard [2,3]. The goals of sustainable development were proposed to balance three
areas: society, economy, and the environment [1]. To achieve sustainable development, it is
necessary to make these areas sustainable in a holistic and compatible manner [4].

The complete set of actions towards achieving sustainable development is also being
undertaken in Europe, including Poland, and was formulated in “Transforming our world:
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The 2030 Agenda for Sustainable Development.” It includes the 17 Sustainable Development
Goals (SDGs), as well as 169 associated tasks. These tasks are also being carried out in
three areas of sustainable development and concern achievements in five dimensions, the
so-called 5 x P: people, planet, prosperity, peace, and partnership. The goals cover a wide
range of challenges such as poverty, hunger, health, education, gender equality, climate
change, sustainable development, peace, and social equity [5]. A set of 231 indices was
defined for the purposes of implementing the Agenda and to facilitate constant global
monitoring of its progress all over the world. Meanwhile, the implementation of sustainable
development goals in countries of the European Union Member States is monitored using
the Agenda 2030 index set and is reported annually by Eurostat [6,7]. Index studies of
sustainable development levels carried out in these countries are typically carried out at
the city and voluminous level [8-10] or at the state level internationally [11-13]. Their
results are used to program regional and national development and to define strategic
goals. Shaping development at the voivodeship level requires an analysis of their main
administrative units, namely, communes [14].

In Poland, the implementation of the development priorities of Agenda 2030’s develop-
ment priorities is primarily based on the Responsible Development Strategy (RDS) adopted
in 2017, in addition to other strategic documents that define the country’s development
model. They include the pursuit of increasing the role of human and social capital as a
basis for the economy, building a strong industry, and entrepreneurship. Improving the
environment and sustainable resource management is particularly essential, as it ensures
economic development and a high quality of life while also ensuring development potential
for future generations.

The highest legal Act in Poland, the Constitution, stipulates in Article 5 that sustainable
development is one of the main principles of the country’s political system and a trajectory
of its policy [15]. The sustainable development of the country, recognized as a constitutional
principle of the Republic of Poland, was defined in the Environmental Protection Act
as “socioeconomic development in which there is a process of integration of political,
economic, and social actions while maintaining environmental balance and the continuation
of fundamental environmental processes to ensure the ability of communities and citizens
of current and future generations to meet their essential needs” [16].

The implementation of Sustainable Development Goals in Poland is monitored in
terms of action taken to achieve each goal. It is also interesting that in Poland, an application
dedicated to businesses has been developed and that can also be of use for other entities
such as communes. The Barometr Wptywu (Influence Barometer in English) application
is a tool that measures a business’s contribution to implementing Agenda 2030 in Poland,
which was developed as a part of the 17 Goals Campaign. Every business can use the
application free of charge. The analysis of the collective results of Polish businesses will
enable the verification of progress in implementing priority Sustainable Development Goals
and aid in identifying areas where action should be taken by businesses. It is the first Polish
set of SDG metrics for businesses [17].

It should be stressed that, in Poland, previous practices concerning the implementa-
tion of sustainable development principles at the regional and commune level, did not
yield satisfying results and were typically focused solely on cities. At the local level,
especially in rural communes, there is a lack of permanent and continuous sustainable
development-level monitoring. Consequently, sustainability was not factored into the
management and drafting of spatial policies aimed to create a friendly and sustainable
place for inhabitants [18]. The responsibility of local governments for the quality of life of
citizens that is still growing in Poland forces changes in commune management, as these
entities should focus on achieving the balance between key areas such as economic, social,
environmental, institutional, and spatial development [1]. Instruments that could help
manage communes are sustainable development indices. They are used not only as an
essential monitoring tool, but also to measurably present the essence of this concept of
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sustainable development. They also allow for an analysis of the static image of an area
from the standpoint of implementing the new development paradigm.

It should be highlighted that authorities in most countries assume sustainable de-
velopment as a priority goal of their own development strategies or other programs and
projects, and implement various index systems to assess sustainable development [19].
These indices present the level of implementation of the SDG, on the one hand, while on
the other, they facilitate the implementation of public policies [19-25].

Most researchers agree that the actions taken in recent decades by the governments of
most countries were superficial and oriented toward image building and political action
rather than operational action [26-30]. The worsening climate situation also now shows
that long-promoted slogans related to making development more sustainable in relation
to environmental processes that have been promoted for several decades have not had a
significant impact in terms of constructive efforts towards their implementation [31]. The
findings of academic studies that have long since pointed to the dangers of exploiting the
natural environment of the Earth did not result in effective and pragmatic action on the
part of governments. An example is the underestimation of the speed and scope of climate
change and the increase in sea and ocean levels [32-34].

The rapid climate change observed across the world shows that Earth’s exploitation
must be stopped as soon as possible. Therefore, the subject of sustainable development
continues to be discussed by analysts and academics who search for new tools and methods
of changing the status quo not only at the international level, but also at the local level
of individual countries or their regions. The pursuit of sustainable development applies
to both urban and rural areas. The former typically becomes the subject of investigations
and analyses. This is related to the dominant role of cities as growth drivers in territorial
structures. The predominance of urban subject matter is also tied to the scale of the impact
that cities exert on the natural environment and the economy, which requires taking action
primarily in those units. Rural areas also undergo a constant transformation, and the spatial
changes that affect them are primarily tied to changes in land use. These processes are
usually highly dynamic and cause sudden changes that take the form of “rurbanization” in
rural areas [35]. Therefore, when determining the potential for effective and sustainable
development, the said development must be examined from the local level (the commune
level in the case of Poland), followed by the regional (voivodeships), state, and continent
level, and finally the global level. Some voices also argue that each and every element of
the system, no matter how small, whether a single user or a household, is crucial to the
process of implementing sustainable development. Cooperation at all levels can increase the
number of initiatives taken in this regard and improve its dynamics and effectiveness [36].

The main objective of the research is to analyze the actual level of advancement of
basic territorial units in implementing the principles of sustainable development in terms
of the Podkarpackie Voivodeship. The study, which was carried out at the level of all
municipalities of the voivodeship, made it possible to determine the ranking of individual
territorial units regardless of their nature (Supplementary File S1). At subsequent stages
of the research work, the presented research procedure will be developed in terms of the
selection of measures and the advancement of data aggregation. The applied purpose
of the work is to present the possibility of the municipal government to choose the path
leading to a state of balancing development in several key areas, including spatial resource
management. The applicative character of this method and its advantages in Polish condi-
tions merit its broader use and correlation with the results obtained using other methods.
No research on the level of the Sustainable Development Index for all municipalities in
Pokarpacie was found over the course of this study. Research investigating the monitor-
ing of Sustainable Development Index levels in which spatial management was analysed
separately was also included.

The shaping of sustainable development as a principle of stabilizing economic and
social phenomena in the context of the natural environment creates a need to also account
for spatial changes [37]. Spatial planning pertains to both urban and rural environments,
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as well as to naturally valuable areas. The quality of their development creates a direct
correlation with environmental aspects (wildlife and ecosystem conservation), as well as
social (e.g., quality of life, social integration) and economic ones (e.g., tourism). Therefore,
in this study, the spatial planning system, as an important instrument of shaping sustainable
development [38], was taken into account.

2. Literature Review

Formulating indices that both allow the grasp of numerous aspects/areas of sustain-
able development is of crucial significance to understanding and measuring it. The Human
Development Index (HDI) was a precursor of this methodology and emphasized income,
health, and education [39,40]. In the socioeconomic dimension, the HDI was developed by
the United Nations Development Programme to assess social development in various coun-
tries [41]. As an alternative to the gross domestic product (GDP), in which people are the
focal point, HDI became a widely used measure of human progress [42]. Numerous studies
stipulated that human development extends beyond these three indices and includes other
factors such as employment, freedom, and public governance [43]. In the light of the
deficiencies of the HDI, many researchers attempt to correct it. Despite gaining knowledge
on multidimensional approaches to sustainable development, it remains key not only to
build integrated indices, but to formulate assessments that cover multiple areas [44]. For
instance, in [45,46], it was proposed to use an index-based method to rate energy and
groundwater resources. The Sustainable Development Index (SDI) was formulated in [47]
to assess and improve sustainable development at the commune level using numerous
metrics that represent social, economic, and environmental features. The proposal put
forth in [48], namely, the use of an SDI that measures the ecological effectiveness of human
development, is an interesting approach. The fact that each parameter/factor from the
various areas of sustainable development is interchangeable by default and one parameter
can obscure another is an essential problem in analyzing sustainable development. This
results in conflicting interdependencies, as indicated in [49]. Thus, weak sustainable devel-
opment allows for the mutual replacement of natural capital (e.g., natural resources, clean
air) and human-made capital (e.g., buildings and urban infrastructure). Meanwhile, strong
sustainable development assumes that human-made capital and natural capital should
complement each other to ensure environmental integrity, while also satisfying human
needs [49,50]. However, it should be remembered that an environmental factor, namely,
the depletion of natural resources, is an irreversible and threshold phenomenon [50], and
human-made capital is not and should not be seen as a substitute for natural capital [51,52].
Due to this, it was highlighted in [53] that from a perspective of high sustainability, an
assessment of regional sustainable development is necessary. Strong sustainable devel-
opment assumes that natural capital is not replaced, and the environmental factor is as
important in assessing sustainable development as social and economic factors are. This
principle allows us to avoid the mutual substitution of natural and human-made capital.

Linear order, which is a multidimensional comparative analysis method that includes
additive aggregation to add standardized sub-indicator values to create an averaged sustain-
able development index, is the most frequently used sustainable development assessment
method [54]. Additive aggregation means that there is no synergy or conflict between the
various indices [55] and that there is a complex link between factors that cannot be mutually
substituted [54]. One of the strengths of additive assessment is that in rating sustainable
development, one can cover various areas/aspects, and such an approach was used in this
paper. Despite it being typical to employ four areas in sustainable development assessment,
namely, economic development, social development, environmental development, and
institutional development, this study added a fifth area: spatial planning development. It
is generally known that the current global urbanization process, including the develop-
ment of spatial planning, not only creates an opportunity for widespread socioeconomic
development, but is also an immense challenge to the sustainability of various territorial
administration units [56,57]. Mechanisms that generate better living conditions and eco-
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nomic development, as well as those that most often increase overall energy and resource
consumption, are still only partially identified at the city, region, and country level [58-60].
Recent studies pointed to the negative consequences of increasing population numbers [61].
The type and scope of these impacts differ and include air and water pollution, changes in
land cover, loss of natural habitats, increased load on water resources, increased energy
demand, and higher greenhouse gas emissions [62,63]. To determine the impact of spatial
planning development on the sustainable development of the regional scale, one should
focus on how and where this development takes place [64], not only within cities, but also in
terms of the changes experienced by neighboring rural-urban and rural communes [65,66].
Local-scale analysis indicates changes towards more sustainable development, especially
in combination with greater access to urban services [31,59,63,67] that enhance health and
provide access to and cause a greater energy and water consumption, while having a
significantly lower negative impact on the environment in terms of land use, polluted
wastewater, or CO, emissions.

The positive correlation between urbanization and many important dimensions of
social development is increasingly prominent. The link between higher levels of urbaniza-
tion and economic productivity per person has been noticed for some time [57]. Citywide
data analyses confirm the positive link between urbanization and better health, education,
longer life spans, and better access to essential services or water and electricity [57,58].

Regardless of whether positive or negative impacts of urbanization are stressed, there
is still a lack of a more systematic understanding of sustainable development processes,
one that would be based on reliable data and empirical studies. This article is an answer to
the need to combine various areas, including processes that induce change, in integrated
analyses on regional sustainable development, with an emphasis on spatial planning
development and quantitative data sourced from statistical office databases (in this case,
the Statistics Poland) at various scales, from that of a city to that of a rural community.
This study features analyses performed for the Podkarpackie Voivodeship in Poland,
where progress in achieving sustainable development goals has been carefully monitored.
By factoring in the socioeconomic, environmental, institutional, and spatial planning
dimensions in combination with the notion of sustainability, this paper proposes a basis
for a comprehensive quantitative assessment of regional sustainable development by
comparing two reference periods: 2015 and 2020. This paper is also intended to promote
regional sustainable development that accounts for the development of spatial planning.

3. Materials and Methods
3.1. Study Area

The Podkarpackie Voivodeship is one of Poland’s 16 voivodeships, which were es-
tablished in 1999 (Table 1). It is located on the southeast edge of Poland, and is the
southernmost voivodeship in the country. The Podkarpackie Voivodeship is an area that
has a nationally outstanding development pace and scale. Its dynamically developing
industry branches include aviation, electronic machinery, the chemical industry, and tech-
nologies. Special economic zones play an important role in the economic development of
the region and typically support existing and newly founded economic entities. Another
of the strengths of the region is its road infrastructure, which is a link between the east
and west of economic Europe, as well as the operation of Jasionka Airport. Rzeszow is the
capital of the voivodeship and the seat of central and local government institutions, and is
the largest city in the region.

In the Polish literature, there is a range of multidimensional studies and analyses, both
of the Podkarpackie Voivodeship [68-71] and comparative studies for all regions [72-75].
An analysis of the socioeconomic situation was presented in a report by the Rzeszéw
Voivodeship Statistics Office [76]. A well-developed and uniformly distributed hierarchical
city structure, with a slight predominance of Rzeszéw, was presented in a SWOT analy-
sis [77] as a strength of the voivodeship (Figure 1). Furthermore, the rich network of small
towns that act as local centers of development and concentrations of services for their
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respective areas was also presented as the strength of the voivodeship. This also proves
that the entire voivodeship has considerable development potential to become a strong and
sustainable region.

Table 1. Overview of the Podkarpackie Voivodeship. Source: own study based on the Local Data
Bank, GUS, https:/ /stat.gov.pl/ accessed on 16 June 2022.

Item No. Parameter Type Podkarpackie Voivodeship
2015 2020
1. Population (thousands) 2127.6 2121.2
2. Territory (ha) 1,784,576 1,784,576
3. GDP (million PLN) 70,577 89,023
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Figure 1. Territories of the Podkarpackie Voivodeship with the location of Rzeszéw, against the rest
of Europe. Source: original work.

The Podkarpackie Voivodeship consists of 160 communes. Most of these, numbering
109, are rural and urban communes, 16 are urban communes, and 35 are rural communes.
It was found that spatial policy in the Podkarpackie Voivodeship was at a compara-
tively good level. This is shown by the high position of the voivodeship in the ranking
of the share of area with enforceable local spatial development plans relative to the total
area of a voivodeship (Figure 2, Supplementary File S1). Local spatial development plans
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considerably affect the enforcement of spatial order and ensure that communes enjoy
sustainable development, as a high percentage of areas with enforceable plans is a tool of
implementing a commune’s spatial policy. In addition, the provisions of such plans define
long-term spatial development guidelines and thus prevent spatial chaos in communes.
They also reduce the risk of irregularities in projects sited in areas with special conditions
(e.g., areas at risk of being flooded). This enables the conservation of an area’s natural and
cultural resources of an area and minimizes the economic consequences of poor spatial

management.
DOLNOSLASKIE
KUJAWSKO-POMORSKIE
LUBELSKIE
LUBUSKIE
+ODZKIE
MALOPOLSKIE
MAZOWIECKIE
OPOLSKIE [
2015
PODKARPACKIE : 2020
PODLASKIE
POMORSKIE
SLASKIE
SWIETOKRZYSKIE
WARMINSKO-MAZURSKIE
WIELKOPOLSKIE .
ZACHODNIOPOMORSKIE
0 2000 4000 6000 8060 10600 12600 14600 16600 18000

[szt.]

Figure 2. Percentage of area with enforceable local spatial development plans in the overall area
of voivodeships in Poland in 2015 and 2020. Source: GUS Local Data Bank, https://stat.gov.pl/
accessed on 16 June 2022.

The choice of the Podkarpackie Voivodeship as the case for the study was dictated by
a range of arguments. First, no similar studies were found in this area and it was observed
that there were high development dynamics compared to the rest of the country [78].
Other arguments in favor of studying the voivodeship of Podkarpackie include the spatial
specificity of the voivodeship, namely, the relatively uniform distribution of urban centers,
a considerable number of forested areas, and its proximity to Ukraine, which is not an EU
member. It should be stressed that the area for investigation was not selected randomly.
No studies of Sustainable Development Indices (SDI) were found for all communes of the
Podkarpackie Voivodeship, nor were Polish studies of SDI monitoring that would also
account for a separate analytical area of spatial management.

3.2. Materials

This study was based on the phenomena described using numerical data that can be
said to measure levels of sustainable development. The data were collected from Statistics
Poland (GUS) databases, which were selected on the basis of an analysis of the literature.
The analysis of the literature in terms of the selection of characteristics of sustainable
development allowed the identification of metrics that describe individual areas. The
guidelines used to select the metrics were as follows: select a metric that best describes a
given phenomenon, the variability of the metric over time, and comparability over time
and space in the form of relative metrics such as percentages or per-capita values. In
addition, the study included sustainable development indices published by the Statistics
Poland (Gtéwny Urzad Statystyczny, GUS) [79]. Unfortunately, a considerable portion of
the indices listed there was not available for the smallest territorial unit, the commune, and
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this study focused on analyzing the levels of sustainable development across the entire
Podkarpackie Voivodeship. The final selection of the metric was dictated by the availability
and uniformity of the data available for all municipalities of the voivodeship (urban, rural,
and rural-urban communes).

3.3. Methods

Sustainable development is a complex process of change, which also includes space; it
covers multiple aspects, and is expressed via many detailed characteristics. Sustainable
development analysis as a phenomenon is typically performed using synthetic indices that
enable the replacement of multiple metrics with a single value. The linking of various
aspects and their mutual balancing leads to synergy and, thus, to sustainable develop-
ment [1,80,81].

Linear order was chosen as the procedure, as it is a method used in multidimensional
comparative analysis (MCA) and uses simple calculations [82]. The effect of the analyses
performed using the proposed method is to sort objects from best to worst, and the ordering
criterion is the level of a complex phenomenon—in other words, the end result is a ranking
(Supplementary File S1). Variables can act as stimulants or inhibitors [83]. Object linear
ordering, namely, ranking, should be preceded by the selection of a suitable standardization
formula. The most suitable formulas are those that result in stable or almost-stable stan-
dardized variability intervals. Standardization is intended to unify diagnostic properties
expressed in various units of measurement and in a diverse range of numerical scopes.
Standardization methods are used to transform absolute values into relative values and
to either remove measures or unify numerical scopes. In this study, a method based on
quotient transformation was used, whose point of reference was the range of the variable
—this standardization method is characterized by using a constant point of reference, which
is the range of the standardized variable [84]. This method, also called the averaged index
method in spatial analysis, is simple and shows little loss of information during data
aggregation. Due to the analysis of all communes, the results must be comparable for
all 160 communes. The method used to calculate sustainable development indices in this
study is objective, reliable, universal, and accounts for diverse developmental conditions of
individual communes, and is based on official statistical data sourced from the Statistics
Poland, which ensures its reliability.

This study was based on the phenomena described using numerical data that can
be said to measure levels of sustainable development. The data were collected from
Statistics Poland, databases, which were selected on the basis of an analysis of the literature.
The analysis of the literature in terms of the selection of characteristics of sustainable
development allowed the identification of metrics that describe individual areas. The
guidelines used to select the metrics were as follows: select a metric that best describes a
given phenomenon, the variability of the metric over time, and comparability over time
and space in the form of relative metrics such as percentages or per-capita values. In
addition, the study included sustainable development indices published by the Statistics
Poland (Gtéwny Urzad Statystyczny, GUS) [36]. Unfortunately, a considerable portion of
the indices listed there was not available for the smallest territorial unit—the commune—
and this study was focused on analyzing sustainable development levels across the entire
Podkarpackie Voivodeship. The final metric selection was dictated by the availability and
uniformity of the data available for all of the voivodeship’s communes (urban, rural, and
rural-urban communes).

The rankings were based on a set of detailed indices (metrics) that were assigned to
one of the five areas of sustainable development. Five areas were selected in the study,
which were then used as synthetic indices that comprehensively characterize the process of
adaptation of each of the voivodeship communes to the sustainable development paradigm.
A total of 34 detailed metrics were defined (Table 2).
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Table 2. Metrics and areas used in the Sustainable Development Index calculation procedure.

Synth.etlc Variable/ Metrics Obtained from the Statistics Poland Stimulant/Inhibitor
Area of Sustainable Development
Registered entities per 1000 inhabitants Stimulant
Entities recently registered in REGION per 1000 inhabitants Stimulant
Natural persons engaging in economic activity per .
Economic Development (ED) P 10%0%nl§elbitants vP Stimulant
Reach of applying for environmental social aid in % Inhibitor
Budget of municipalities and cities with powiat rights per capita Stimulant
Natural growth per 1000 inhabitants in 2016 Stimulant
Internal migration balance per 1000 inhabitants Stimulant
Retirement-age persons per 100 working-age persons Inhibitor
Live births per 1000 inhabitants Stimulant
. Deaths per 1000 inhabitants Inhibitor
Social Development (SD) Average dwelling usable floor area per person Stimulant
Percentage of children aged 3-5 enrolled in kindergarten Stimulant
Percentage of reg?stered unemplqyed persons in Inhibitor
working-age population
Healthcare consultations per capita Stimulant
Overall water consumption per capita Inhibitor
Environmental Development (ED) Percentage of. sewerage users in pf)pulatlon St%mulant
Gas utility users in population Stimulant
Municipal spending on air and climate protection per capita Stimulant
Municipal spending on education per capita Stimulant
Percentage of women among council members Stimulant
Foundations, associations and social organizations per .
10 th d inhabi Stimulant
Institutional Development (ID) t ousand mhat itants . .
Percentage of spending on public roads in relation to .
. Stimulant
general expenditure
Municipal spending on c.ulture and .natlonal heritage Stimulant
preservation per capita
Enforceable local spatial development plans as based on the Act
of 7 July 1994, and the Act of 27 March 2003 per Stimulant
10 thousand inhabitants
Plans drafted based on the Act of 2003 per Stimulant
10 thousand inhabitants
Public project planning permits per 10 thousand inhabitants Stimulant
Planning permits for housing development per .
10 thousand inhabitants Stimulant
Planning permits for commercial development per .
10 thousand inhabitants Stimulant
. : Planning permits for other development per
Spatial Planning Development (SPD &P p p i
P & P ( ) 10 thousand inhabitants Stimulant
Percentage of land assigned in a spatial development study for .
. . Stimulant
drafting a local spatial development plan
Percentage of land assigned in a spatial development study for o
.2, . Inhibitor
conversion into non-agricultural uses
Percentage of land assigned in a spatial development study for .
. Inhibitor
conversion into non-forest uses
Percentage of land in a municipality with enforceable local .
. Stimulant
spatial development plans
Percentage of municipal territory with enforceable local spatial .
Stimulant

development plans based on the Act of 2003

Economic development, which consists of five detailed metrics, is understood as
the capacity of a population to generate higher income due to entrepreneurship. The
Sustainable Development Rating in the Economic Area focuses on the economic condition
of a commune, using metrics that refer to the number of entities and natural persons who
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engage in economic activity, newly registered businesses in a given year, the budget income
of the commune, and the scope to which a population uses public aid.

Social development is understood as the potential of a population for self-improvement
and enhancing its quality of life. In the study, it consisted of nine detailed metrics. The area
of society focuses on the current quality of life and the perspective of future generations.
Elements such as health, demographics, and access to healthcare and education are the
basis for sustainable social development.

Environmental development consisted of four metrics and is defined as the manner of
use of technical infrastructure that limits environmental pollution and allows the rational
use of environmental assets. The environmental area was mostly focused on elements of
physical space that significantly affect the health and wellbeing of a population, such as air
quality, rational water resource management, and access to network infrastructure.

Institutional development is defined as the capacity of local government institutions
to effectively and inclusively manage human and environmental resources and consists of
five metrics. Here, the key metrics were those that characterized civil society and gender
quotas, as well as municipal spending on education and culture.

This study also investigated development in terms of spatial planning, which was
not previously featured in other studies and sustainable development measurements, at
least in Poland, which is the novel element of the study. Development in terms of spatial
planning was determined based on 11 metrics and defines the quality of spatial policy in
a commune as a part of applicable legal regulations, including the number and scope of
enforceable local spatial development plans. The highest number of metrics were defined
for the spatial planning area, which defines a commune’s advancement in managing spatial
resources. The key metrics were associated with enforceable local spatial development
plans, planning permits for housing, public, commercial, and service uses.

A set of metrics intended for further calculation/aggregation is presented in Table 2.
The analysis and calculations were performed in an Excel sheet in two tabs: one for 2015
and one for 2020. Each value was standardized according to Equations (1)—(8).

3.4. Sustainable Development Index (SDI) Calculation

Sustainable development is a dynamic process, and keeping it at a suitable level must
be ensured by high ratings in each area from a spatial and temporal perspective. Therefore,
to evaluate the sustainability trend by individual communes, the index values for 2015 and
2020 were calculated based on the following procedures:

1. A set of detailed metrics was identified and then assigned to one of five areas (syn-
thetics indices) of sustainable development: economy, society, environment and
institutions, and spatial planning.

2. The data used to determine the detailed metric values was the Local Databank of the
Statistics Poland (BDL GUS) for the years 2015 and 2020.

3. The impact of each metric was assessed either as a stimulant or an inhibitor. A metric
was considered a stimulant when the SDI value increases along with the metric.
In other words, a higher metric value corresponds to a higher level of sustainable
development. The opposite is true for inhibitors—here, the higher the metric, the
more detrimental its impact on the SDL

4. All of the detailed measures were subjected to data aggregation, namely, standardiza-
tion utilizing the following Formulas (1) and (2):

Stimulant: )
¢y — mincy,

= — (1)
maxcy; — mincy,

Inhibitor:
maxcy, — Cr.
ty = ———— (2
) maxcy; — mingy;

where:
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’crj —is the value of standardized detailed metric j for communer,
cr;—is the value of metric characteristic j for commune r.

5. Atotal of five area indices (partial indices) were calculated for each commune, using
the arithmetic mean (3)—(7).

1 5
=1
1 9
j=1
1 4
Ry = 1 Ztrj (5)
=1
1 5
Rl = g Ztrj (6)
j=1
1 11
RP; = 11 Ztl‘j @)

=1
where:
RG,—is the index value in the economic development area for commune r,
RS;—is the index value in the social development area for commune 1,
R;—is the index value in the environmental development area for commune r,
RI;—is the index value in the institutional development area for communer,
RP,—is the index value in the spatial planning development area for commune r.

A commune ranking was compiled based on the results for each area (Supplementary
File S1).

6.  The SDI;(2015) and SDI,(2020) were calculated for each commune using the arith-
metic mean of detailed metrics (8).

1
SDI; = & (RG; + RSy + Ry + Rl + RPy) (8)

7. SDI change calculations between 2015 and 2020.

Afterwards, to calculate how communes adapted to achieving sustainable develop-
ment goals, decreases or increases in the value of SDI;(2015) were calculated relative to the
value of SDI;(2020) (9).

Dy, — SDI(2020) — SDI;(2015)
T SDI,(2015)

x 100 )

The changes in the SDI; values for each commune were expressed in percentages.
The procedure used to develop the proposed approach is presented in Figure 3.
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Figure 3. Scheme of the research procedure: determination of the Sustainable Development Index
(SDI) for the communes of Podkarpackie.

4. Results

The results of the analysis indicate that the communes of the Podkarpackie Voivode-
ship display a diverse range of values at the sustainable development levels, but it was
possible to detect a concentration of communes that stood out from the rest. In spatial terms,
three commune concentration areas with higher SDI values could be easily observed. The
first was the city of Rzeszéw, the voivodeship’s capital, and the communes that surround it.
The second development area was the communes located the furthest to the north, near the
border with Slovakia and Ukraine, whose territories include naturally valuable areas such
as national parks. The third area that stood out in space, but that was the smallest in terms
of area, was the city of Krosno, with a few communes that showed values slightly lower
than the topmost part of the ranking (Supplementary File S1). The results of the analysis
described above will be presented as cartograms (in Figures 4-6).

4.1. Sustainable Development Index 2015 and 2020
4.1.1. Sustainable Development Index 2015

e  The first 10 spots in the ranking were taken by rural-urban communes (Supplementary
File S1, Figure 4)

e  The highest SDI value for 2015 belonged to Rzeszéw (0.576), yet the rural commune of
Cisna (0.573) and the urban commune of Krosno (0.570) had very similar readings.

e  Only these three communes had SDI values that exceeded 0.5. The communes that
occupied the subsequent places in the rankings were the rural commune of Trzebown-
isko (0.493) and the urban communes of Jasto (0.493) and Laricut (0.491). The top ten
of the ranking also featured dynamically developing rural communes such as Solina
(0.482), Krasne (0.480), Lutowiska (0.479), and Kroscienko Wyzne (0.473).

e A total of 47 communes attained SDI values ranging between 0.4 and 0.5, including
bigger cities (urban communes) such as Jasto, Lanicut, Tarnobrzeg, Przemys$l, Lezajsk,
Mielec, Debica, Lubaczow, Przeworsk, Jarostaw, Sanok, and Radymno. Rural-urban
communes such as Glogéw Malopolski, Boguchwata, Tyczyn, Rymandéw, Ropczyce,
Iwonicz Zdréj, and Jedlcze were also in this group.
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The lowest SDI values belonged to the rural communes of Harasiuki, Nozdrzec, and
Dynoéw, and amounted to 0.263, 0.278, and 0.281, respectively.

@ Rzesziw
* cities
WZR 2015
[ 0.263-0.3412

[ 0.3412-0.4195

I 0.4195-0.4978

I 0.4978-0.576

[ Pockarpackie Voivodeship

Figure 4. Cartogram showing the Sustainable Development Index for the communes of the Pod-

karpackie Voivodeship for 2015. Source: original work.

4.1.2. Sustainable Development Index 2020

Two rural-urban communes: Glogéw Matopolski, which came fifth, and Boguchwata,
which placed ninth, entered the top ten (Figure 5).

The top position in terms of SDI for 2020 was also held by Rzeszow (0.530), with
the rural commune of Solina (0.523) coming second. The third place went to Krosno
(0.514). Cisna fell from its second position from 2015 and placed fourth.

The top ten also included the rural-urban commune of Gltogéw Matopolski (0.491),
the rural communes of Trzebownisko (0.479), Lutowiska (0.474), and Krasne (0.470),
and the rural-urban commune of Boguchwata (0.461), which in 2015 placed fifteenth.
Kro$cienko Wyzne and Lancut fell out of the top ten, and placed twelfth and thirteenth
in 2020, respectively.

In 2020, an SDI value of between 0.4 and 0.5 was attained by nine communes less
than in 2015 (38). This group also featured the same cities as in 2015, namely, Lancut,
Tarnobrzeg, Mielec, Jasto, Lubaczow, Lezajsk, Sanok, Przeworsk, Debica, Przemysl,
Radymno, and Jaroslaw, as well as the rural-urban communes of Gtogéw Matopolski,
Boguchwata, Tyczyn, Rymanéw, Iwonicz Zdrdj, Jedlcze, and Kolbuszowa.
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SDI 2020
[ 0.246-0.317

[ 0.317-0.388
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0 10 20km

Figure 5. Cartogram showing the Sustainable Development Indicator of the communes of the
Podkarpackie Voivodeship for 2020. Source: own study.

4.2. Change in Sustainable Development Index Values from 2015 to 2020

The analyzer in this study showed that SDIs for individual communes did not change
significantly between 2015 and 2020. However, the increase in index values for individual
subregions was highly diverse and most communes showed a small negative change.
Positive values could be observed for about a dozen communes, with the change quite
significant. This diversity shows the non-uniform development of the base territorial units
of the voivodeship.

Overall, 70 communes registered an increase in SDI values, and this group included
only four urban communes: Sanok, Stalowa Wola, Lubaczow, and Radymno, yet this
increase was not high and was between 1.6 and 0.07% (Figure 6). The highest change
dynamic, slightly over 19%, belonged to the rural community of Jarocin. Other rural
communities with high growth included Baligrod, Kamieni, Harasiuki, and Stary Dzikoéw,
which registered changes of slightly more than 17% and slightly more than 10%. Only
one urban commune, Prochnik, made it to the list of top ten communes whose SDI values
increased. It is interesting that the second ten was also dominated by rural communities
and featured only two rural-urban communes: Sokotéw Matopolski and Przectaw.

Between 2015 and 2020, the SDI value decreased in 90 communes (56% of all communes
in the voivodeship’s communes). The largest SDI decrease was observed by the rural
commune of Fredropol, whose rating for 2020 was almost 20% worse than in 2015. The
rural communes of Jasliska, Cisna, and Zoiynia came next, with growth decreases of
between 13 and 12%. The top ten communes with the highest SDI decreases included three
urban communes: Przemysél, Jasto, and Krosno. Rzeszéw registered a decrease of 8.6%
while the rural community of Laficut noted a decrease of 6.8% (Supplementary File S1).
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Figure 6. Cartogram showing the change in the Sustainable Development Index from 2015 to 2020 in
the communes of the Voivodeship of Podkarpackie in %. Source: own study.

4.3. Sustainable Development in the Area of Spatial Planning in 2015 and 2020

The top ten communes ranked in terms of SDI in the field of spatial planning featured
primarily rural communes (Supplementary File S1). In 2015, this group also featured one
urban commune—]Jasto—and one rural-urban commune—Tyczyn. In 2020, the top ten
only included the rural-urban commune of Dukla (Figures 7 and 8). The spatial diversity
of the level of this component both in 2015 and 2020 showed no clear pattern.

The relative difference in SDI values that did not factor in spatial planning relative to
those that did was up to 12% (Supplementary File S2). The greatest difference in values that
did and did not factor in spatial planning was observed for small towns: Lanicut, Debica,
and Jarostaw (Supplementary File S2). This indicates poorly conducted spatial planning
in those areas and the lack of local spatial development plans, which was also observed
during the study.
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Figure 7. Cartogram showing the Sustainable Development in the area of spatial planning in 2015.
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Figure 8. Cartogram showing the Sustainable Development in the area of spatial planning in 2020.

4.4. Sustainable Development Index by Commune Type

In general, it could be observed that only 44% of all communes increased their SDI
values in 2020 compared to 2015. In 56% of the communes, this value decreased. For
the highest number of communes, namely, 29%, this decrease was between —5% and 0%
(Figure 9). It was interesting that the situation was similar in various types of communes.
The highest decrease was observed in the case of urban communes. As much as 75% of
the urban communes could neither maintain nor increase their SDI at the level from 2015
(Figure 10). In rural communes, 46% showed an increase in SDI and 54% showed a decrease
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(Figure 11). In the case of rural-urban communes, the values were similar—46% of these
communes registered an increased SDI, while 56% showed a decrease (Figure 12).

2% _f’:—\ 1%

Figure 9. Change in the value of the Sustainable Development Index (SDI) from 2015 to 2020,
percentage view—all types of communes (160 units).

0%0

= decrease 20-15%
= decrease 15-10%
= decrease 10-5%
= decrease 5-0%

" increase 0-5%

m increase 5-10 %
® increase 10-15%
m increase 15-20%

m decrease 20-15%
= decrease 15-10%
= decrease 10-5%
= decrease 5-0%

= increase 0-5%

= increase 5-10 %
® increase 10-15%
= increase 15-20%

Figure 10. Change in the value of the Sustainable Development Index (SDI) from 2015 to 2020,

percentage view—urban communes (16 units).
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Figure 11. Change in the value of the Sustainable Development Index (SDI) from 2015 to 2020,
percentage view—rural communes (35 units).
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Figure 12. Change in the value of the Sustainable Development Index (SDI) from 2015 to 2020,

percentage view—rural-urban communes (109 units).

5. Discussion and Conclusions

Calculating a Sustainable Development Index for five areas: economic, social, environ-
mental, institutional, and spatial planning, can positively contribute to planning/urban
design measures by identifying areas with different levels of sustainable development. The
inclusion of the spatial planning area in the measurement of SDIs in this study is aligned
with a theory supported by Polish and foreign researchers on the need to combine the
principle of sustainable development with commune-level spatial policy [85-87].

The main objective of the research is to assess the actual level of progress of basic
territorial units in implementing the principles of sustainable development in the Voivode-
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ship of Podkarpackie. In this study, it was found that the Podkarpackie Voivodeship is an
area whose individual communes display a varying degree of development. In many of
them, a state of balance has not been achieved. The results of this study demonstrate that
an increase in the value of the investigated sustainable development index was observed
only in 67 of 160 communes of the voivodeship. This is only 44% and shows that the
effectiveness of implementing sustainable development principles in the voivodeship is
unsatisfactory. The low SDI values observed indicated that most communes required
help in planning and managing sustainable development goals, and the proposed index
can become an information and diagnostic tool that can facilitate the management of
local-level development.

This study also confirmed that cities, including medium-sized cities such as Rzeszow,
are catalysts for socioeconomic development and reach the highest SDI values. It was
also found that certain rural-urban and rural communes are quite adept at conducting
successful spatial policies directed towards achieving sustainable development goals, which
resulted in a high SDI value and the increase of this value in 2020 relative to 2015. This is
why the vast majority of communes should, following those most successful cases, change
their approach to directing development.

The analysis of SDIs obtained at the local level allows for the spatial presentation of
the context of the process of implementing sustainable development and the degree of its
advancement at the voivodeship level. This, in turn, allows for directing action intended
to improve the problems diagnosed in each of the sustainable development’s aspects in
individual communes. This approach allows for accounting for local determinants of
individual territorial units and to adapt initiatives depending on these individual needs
and resources. Including local-level indicators in analyzing sustainable development opens
up the possibility of monitoring the effects of initiatives or policies at the commune level.
Referencing development goals and the potential to achieve them in each local government
unit is a closer point of reference. This is especially crucial in the context of initiating action
by the social groups and individuals that make up the community of a given commune.

The results of this study confirm the need to comprehensively assess the implemen-
tation of the principles of sustainable development in a comprehensive way. Economic
development conditions an increase in the quality of life of residents and, thus, social devel-
opment. It is important for development in economic and social spheres to be accompanied
by a high level of metrics in the environmental area. This ensures that the development
does not come at a cost to the natural environment. This factor is closely related to the
spatial policy of a commune, as local planning documents have the greatest impact on the
quality of spatial development due to their tactical /operational function.

In the process of conducting long-term coordinated spatial policy, it is important to not
only formulate spatial development guidelines, but also devise instruments that can help
the bodies of a commune take strategic action and present justification to other actors. The
proposed sustainable development index that factors in spatial planning development can
be such a tool. To meet these expectations, one should use various types of tools, including
academic research presented in legible form. The findings of this study are one such
approachable source of information that can be used by local governments, organizations,
and local communities, as well as businesses, in implementing the goals of local policy
and sustainable development. This includes, perhaps most importantly, its monitoring and
actions leading to effective change in communes. Furthermore, research findings, including
data comparisons and their graphical visualization set against an entire voivodeship, can
become a valuable tool for dialogue between local authorities and citizens that can raise
awareness and involvement in environmental protection, as well as educate and encourage
pro-environmental behaviors.

It should be stressed that the additive aggregation used to calculate the sustainable
development index has both strengths and weaknesses. Its strength is that one can include
all areas/aspects of the economy, society, environment, and spatial planning in the SDI
assessment, as well as the simplicity of performing calculations. Its weakness is that using
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additive aggregation means coming closer to weak sustainable development. This is why
future analyses will use geometric aggregation, which is also for compensation in specific
indicators. This approach would make it possible to factor in the relations between envi-
ronmental and institutional development while assuming strong sustainable development.

At this stage of analysis, this research should be considered explorative and will be
developed further in terms of its substantive content, research procedure, and the types of
data used. During the further stages, the study will be enhanced on the basis of a more
detailed data set collected from the databases of individual communes will be used. The
final set of indices and metrics will be employed to study other voivodeships to obtain
comparative material for other communes and regions within Poland. The study has
limitations in that it was based on 2015 and 2020 and does not forecast future development
trends for the communes under investigation. Enhancing the method to facilitate future
trend modelling is a promising field for further study.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/su141610237 /s1, Supplementary File S1: contains rankings of
communes in terms of the Sustainable Development Index (SDI) in individual years and a ranking of
communes in terms of development regarding spatial planning; Supplementary File S2: contains a
ranking of municipalities in terms of the Sustainable Development Index (SDI), calculated without
including the fifth area of Spatial Planning Development.
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