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Abstract: Micro, small and medium enterprises (MSMEs) represent more than 99% of enterprises in
Europe. Therefore, knowledge about this sector, also in the spatial context is important to understand
the patterns of economic and social development. The main goal of this article is an analysis of spatial
conditions and the situation of MSMEs on a local level using combined sources of information. This
includes data collected in the Social Insurance Institution and Tax registers in Poland, which provides
information on the employment, wages, revenues and taxes paid by the MSMEs on a local level as
well as contextual statistical information. The data is used for a diagnosis of spatial circumstances and
discussion of conditions influencing the status of the MSMEs sector in a selected region (voivodeship)
in Poland. Taxonomy methods including factor analysis and clustering methods based on k-means
and SOM Kohonen were used for selecting significant information and grouping of the local units
according to the situation of the MSMEs. There are eight factors revealed in principal component
analysis and five clusters of local units distinguished using these factors. These include two clusters
with a high share of rural local units and two clusters with a high share of rural-urban and urban
local units. Additionally, there was an outstanding cluster with only two dominant urban local
units. Factors show differences between clusters in the situation of MSMEs sector and infrastructure.
Different spatial conditions in different regions influence the situation of MSMEs.

Keywords: micro, small and medium enterprises MSMEs; public registers; creating and developing
MSMEs; data taxonomy methods; SOM Kohonen

1. Introduction

Micro, small and medium enterprises (MSMESs) play a significant role in the economy.
This sector represents more than 99% of all enterprises in Europe and they contribute
significantly to local economies. Therefore, it is important to monitor the role of the MSMEs
not only at the national or regional, but also at the local level. The MSMEs play various
roles in the local economies. They create jobs and invest, contributing to the development of
local economies, their infrastructure and growth potential. The MSMEs are also important
actors that can contribute to sustainable development, as they are embedded in the local
context and environment.

The relationships between the status of the MSMEs sector and the economic devel-
opment at the regional level or local level recognized in the literature. Researchers focus
both on the regional and local determinants of the development of this sector as well as the
impact that MSMEs have on the economic development, competitiveness and diffusion of
innovations at the local level.

The regional conditions shape the situation of the MSMEs. Literature findings indicate
that the regional differences in industry density, income growth, population size growth,
presence of the skilled labor force, accessibility of suppliers and customers and proximity
of high quality universities have an impact on the enterprises development, including
formation of new firms and their innovativeness as well as survival capacity [1-7]. Multiple
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factors affect the creation process of new firms, their survival, and their innovative capacity
both at the regional and local levels. From a literature review those factors include: popula-
tion size and growth in the region, a high percentage share of people with high managerial
and vocational skills in the population, urbanization level, households” wealth, and local
demand from customers [6]. More precisely, local labor market conditions and potential
involvement of the local labor force have an impact on the situation of enterprises [8-11].
The geographical concentration of industrial activities can generate agglomeration circum-
stances for start-ups and innovation as well as increases the level of competition and makes
the exits of firms increase [12]. The research of such factors contributes to understanding
the characteristics of the MSME sector situation and development in the regional context
and helps to develop recommendations for local activities stimulating further development
of the enterprises, including their innovativeness.

Some of the determinants of enterprise development depend on the spatial charac-
teristics. These include agglomeration and urbanization level. Clustering of MSMEs can
help identifying factors and local conditions that create favorable environment for MSMEs
development [2,13]. Furthermore [14] it underlines that spatial clustering highlights the
impact of proximity and distance, as well as institutions, and local distances on economic
processes. Spatial clusters of enterprises increase diversity, observability, and comparability,
and at the same time increase differentiation without lowering knowledge sharing. The
spatial attributes of the interactive learning and innovation process could be a starting
point not only for spatial agglomerations analysis, but also for developing research in the
area economic geography.

Clusters in geographical space are quite natural due to distances between organiza-
tions, enterprises, and people. On one side, a short distance can stimulate interactions,
learning, knowledge and experience sharing. On the other side, too small a space also
increases competitiveness and lack of space for development. This can also apply to micro
and small companies, which have not sufficient resources to reach out beyond the local
context of activity. Understanding the diverse patterns of spatial distances at the local level
is an important factor contributing to the identification of possible policies and solutions
in developing innovation. In particular, urbanization plays a big role in local economies.
It creates cooperation between enterprises, and makes the cost of transportation both for
customers and suppliers lower [4]. The degree of urbanization also shapes the customers’
demand. A higher urbanization level means both a higher density of customers and better
access to the infrastructures. For example, access to transportation infrastructure has been
found to have a significant effect on urban growth [15]. Finally, authors [16] also shows that
regulations, including local fiscal policies and land use, are important factors explaining
the urban sprawl, which is also linked to the density of the MSME sector.

Given the local character of many MSMEs, author [17] investigates the structure
of such enterprises at the most local level. Those analyses provide more insight into
variation in enterprise structure. Existing structure and distribution of MSMEs in spatial
and economic circumstances gives information about factors determining such structure
and distribution. Understanding of the current situation can also contribute to the planning
of further development of this sector. According to the cited research, the impact of
regional policy is dominating. Namely, the region becomes an entity on its own with assets
(tangible and non-tangible) based on knowledge and institutional base. Those assets are
accessible for local enterprises more than those available at the national level. However,
even in the regional context, the spatial distribution of MSMEs is diversified. There is a
clustering of economic activities in the sector, particularly in the localities that are more
conducive for the development of entrepreneurship. The locally embedded values and
attitudes toward entrepreneurship may also influence both the local rate and level of
entrepreneurship [18,19].

All those factors determining MSMEs development are very much diversified among
regions but also within regions. There is some evidence on that from Finland and the
United Kingdom. In Finland [6], urban and rural communities give different environments
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for enterprise development conditions, specifically with regard to human capital, access
to the technology, the number of clusters of enterprises, and the intensity of cooperation
in communities. In the UK [20], business growth is possible but under different territorial
conditions, different levels of competition and demand between regions. The UK is also
characterized by differences in the structure of occupational skills of the labor market.

The interrelations between local situation and the enterprises are in both directions.
The MSME sector activities also stimulate economic growth, both nationally and region-
ally [21-27].

In Central and Eastern Europe, the experiences of the centrally planned economy
and the economic transition from the 1990s shaped the development of the MSMEs. Au-
thor [28] shows that there is a regional divergence of the enterprise development in these
countries, driven by the exogenous factors (i.e., distance to airports, borders with more
developed countries or the transport corridors), endogenous factors (access to human
capital, innovative businesses or advanced business services) as well as structural factors
(rural regions or regions with heavy industry). The 2008 financial and economic crisis
increased the regional polarization [29]. Authors [30] also underline that the CEE countries
still lag behind Western Europe and the regional and local differences persist.

The determinants of the MSMEs sector development are also researched in Poland. Ac-
cording to [31], human capital development, wages levels, unemployment level, economic
activity of the population in the region, and disposable income are crucial determinants
of the development of the MSMEs sector. Analyses presented by [32] show that access to
financial instruments at the regional level is one of the important barriers for the enter-
prise development. Factors stimulating such development are, among others, access to
IT infrastructure, distance to market and suppliers, degree of cooperation between social
partners.

Author [33] also warns that in particular in CEE, there is a risk that spatial development
further concentrates in a smaller number of (metropolitan) regions, whereas more and
more other regions might be affected by processes of peripheralization, which is against
the idea of sustainable development.

Given these risks, there is a gap in the current literature, particularly in the inclusion
of the spatial circumstances such as existing infrastructure, diversity of enterprises, and
broader range of local factors, such as the financial situation of local governments and
existing social infrastructure determining the MSMEs situation on a local level, which
can help to inform policies that can reduce inequalities in the MSMEs development. The
current literature usually focuses on regional differences. We claim that local factors have a
significant impact on the situation of the MSMEs sector and differences within regions are
substantial. This article contributes to filling this gap by adding spatial analysis based on
clustering methods for a selected region at the level of the lowest local unit (gmina).

Our main goal is to analyze the spatial conditions supporting sustainable development
of the MSMEs on a local level using obtained data from public registers (social insurance
and tax authorities) at the local level as well as spatial data from Statistics Poland.

Our analysis focuses on the kujawsko-pomorskie voivodeship, which is one of the
16 regions in Poland. Kujawsko-pomorskie region was selected due to availability of local
data obtained from administrative registers, but also as a region that has a similar economic
situation to the entire Polish economy. We focus on the MSME sector, whose role in the
Polish economy is substantial and increasing. In 2016, the MSMEs were responsible for the
49.8% of the Polish GDP, compared to 47.2% in 2008. This is mainly due to the increasing
role of the small and medium enterprises, as the input of micro enterprises to GDP slightly
decreased from 31.0% to 30.2%. The MSMEs contribution to the labor market demand
is also significant. The share of employment in the MSME sector in total employment in
Poland is stable on the level of 57% [34].

In the article, we focus on the identification of local differences in the situation of
the MSME sector in the context of the overall economic and social situation. We use the
taxonomy methods including principal components and factor analysis and clustering
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methods based on k-means and SOM Kohonen. We propose these methods due to the
simplicity of application and clear interpretation of results. We wanted to avoid “black-box”
methods due to unclear rationale and interpretation.

The main goals of this article are as follows:

e Identification of the main factors affecting the situation of micro and small enterprises
on local (gmina) level at the regional level.

e Diagnosis of regional differences of micro and small enterprises situation on local
(gmina) level based in the kujawsko-pomorskie voivodship.

The analysis is based on the existing differences in the status of the MSMEs at the local
level. While we focus on the one snapshot of time (2018 year), the analysis contributes to
the identification of local factors conducive to the development of the MSMEs. It provides
evidence that can be used for introducing local policies for supporting sustainable MSMEs,
such as micro-lending, crowd funding, tokenization and community initiatives.

The article consists of four sections. After the brief introduction and literature review
that was presented, we describe the materials and methods used in the analysis. Next we
present our results and then conclude with discussion.

2. Materials and Methods

The analysis in the article is based on the three main data sources. The first one is data
from an administrative register of the social Insurance Institution. It includes information
on enterprises—payers of the social insurance contributions collected in the kujawsko-
pomorskie voivodeship. Second, we use data from the tax authorities on the revenues
and taxes of paid by the enterprises that conduct their businesses in the local units in
the region. This data was collected under the project REGIOGMINA (Usytuowanie na
poziomie samorzadéw lokalnych instrumentéw wsparcia dla Matych i Srednich Przed-
siebiorstw (MSP), dziatajacych w oparciu o model wielopoziomowego zarzadzania re-
gionem). The project is implemented by a consortium led by the regional government of
the kujawsko-pomorskie voivodeship with the SGH Warsaw School of Economics and
Nicolaus Copernicus University in Torun, financed from the National Centre for Research
and Development. We also used context data from the Statistics Poland Local Data Bank
and its goal is to propose instruments that can support the MSMEs development in the
region.

According to the Social Insurance Institution register of contribution payers in Decem-
ber 2018 there were 93,116 contribution payers in kujawsko-pomorskie voivodship (which
is an estimate of the number of enterprises), of which 99.68% were:
self-employed—51.29%;
micro companies (up to 10 workers covered by social insurance)—38.3%;
small companies (1049 workers)—8.13%
medium companies (50-249 workers)—1.91%.

The largest share of the MSMEs were recorded in the trade (22%), construction (13%)
and industrial processing (10%).

The main unit of the analysis is the local unit. There are 144 local units (gmina) in
the region, which are included in the data. The distribution of enterprises by local units
(gmina) is not univariate. In the five biggest cities in this voivodeship: Bydgoszcz, Torus,
Wioctawek, Grudziadz and Inowroctaw there are 50.0% of self-employed activities, 47.0%
of micro enterprises, 44.7% of small enterprises and 50.2% of medium enterprises located
with the remaining 139 local units where the remaining share of the enterprises is located.

Variables used in this analysis were included in Table 1. These include two main types
of variables. First is the data characterizing the MSME:s sector, including the structure of
companies and employment by industry section, wage levels, employees of the MSMEs,
revenues of the companies, the characteristics of local units, including the infrastructure,
public finance and social infrastructure (proxied by the availability of preschools).
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Table 1. Variables used in analysis.

Variable

Decription

Source

service_share_payer
industry_share_payer
avg_wage_f
avg_wage_m
avg_wage_micro
avg_wage_small
avg_wage_medium
rev_pc_self
rev_pc_micro
rev_pc_small
rev_pc_medium
ind_share_empl
serv_share_empl
micro_per10ths
small_per10ths
medium_per10ths
type_region
roads_regional_km?
roads_voivodeship_km?
roads_local_km?
perc_ground_roads

pre_school_education

expenses_pc
expenses_educ_pc
expenses_capital_pc
Feminization
pop_prod_share
unemp_prod_share
rev_pc
rev_form_taxes_pc
debt_pc

Share of contribution payers in Services
Share of contribution payers in Industry
Average contribution base—females
Average contribution base—males
Average contribution base—micro enterprises
Average contribution base—small enterprises
Average contribution base—medium enterprises
Average revenues of self-employed (taxes)
Average revenues of micro enterprises (taxes)
Average revenues of small enterprises (taxes)
Average revenues of medium enterprises (taxes)
Share of employed in Industry

Social Insurance Institution
Social Insurance Institution
Social Insurance Institution
Social Insurance Institution
Social Insurance Institution
Social Insurance Institution
Social Insurance Institution

Tax administration

Tax administration

Tax administration

Tax administration
Social Insurance Institution

Social Insurance Institution
Social Insurance Institution
Social Insurance Institution
Social Insurance Institution

Share of employed in Services
Number of micro-enterprises per 10ths citizens
Number of small enterprises per 10ths citizens
Number of medium enterprises per 10ths citizens

Type of Region Statistics Poland
Regional roads (km) per squared km Statistics Poland
Voivodeship roads (km) per squared km Statistics Poland
Local roads (km) per squared km Statistics Poland
Percentage of ground roads Statistics Poland

Number of children 3-5 age in pre-school education per -
1000 of 3-5 age children Statistics Poland
Local government expenditure per capita Statistics Poland
Local government expenditure for education per capita Statistics Poland
Local government capital expenditure per capita Statistics Poland
Feminization ratio (number of women per 100 men) Statistics Poland
Share of population in working age Statistics Poland
Unemployment rate Statistics Poland
Revenues per capita Statistics Poland
Revenues from personal income taxes per capita Statistics Poland

Debt per capita of the local government Ministry of Finance

Source: Authors’ analysis.

Two types of taxonomy methods were used in this analysis to verify the research
hypothesis. The first method is two-stage. We performed factor analysis to identify factors
determining the MSMEs situation in the local units from the available database. We applied
the principal component method and quartimax rotation, for better interpretation of results
and identification of implicit factors that contribute to the differentiation of the MSMEs
status at the local level.

The factor analysis was based on principal component method to find factor weights.
Using eigenvalues and eigenvectors, linear combinations of variables were calculated with
coefficients driven by eigenvectors components. Those linear combinations give the highest
possible proportion of variance explained. The first few combinations are used for factors
with the highest eigenvalue (highest proportion of explained variance). Orthogonal rotation
(for example quartimax) is applied to give better understanding and interpretability of
results. High coefficient (factor weight) is a high correlation between variable and factor.
Final combination can be interpreted as hidden factor based on factor weights.

The second method was the clustering. We used a K-means method as the most
frequently used method that was applied. Euclidean distance is used as the default
distance measure. The number of clusters is determined for the start and the next randomly
clustered seeds are chosen. Each observation (i=1, ..., n) is classified to the group with
nearest cluster seed measured by Euclidean distance. For all clusters (=1, ..., k), new
cluster centers are calculated as arithmetic mean, all observations belonging to the group.
Those steps are repeated until there are no other moves between groups. Error function
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is calculated at each step—sum of quadratic distance intergroup calculated from groups
centers: )
F=) Y d(0,M)" (M)
j=10;€S;

where d is Euclidean distance.

In practice this process is convergent after a few iterations, but in general as this
algorithm does not have to be convergent the maximum number of iterations is pre-defined.

To compare the results of k-means algorithm the algorithm based on unsupervised
learning was applied. Self-Organizing Maps by Kohonen (SOM) is a basic method of
unsupervised learning proposed and optimized by [35]. This algorithm reflects variables
values into two-dimensional space. The number of records must be higher than number
of cells in this network (so higher than number of proposed clusters). Each observation
gets its representation in the network (neurons) by appropriate mapping. Neurons with
highest frequency of observations tighten the placement around the neuron and the process
is continued for all remaining observations. This algorithm generates a network with
neurons (clusters) reflecting the distance between variables into new dimension. The basic
difference between k-means method and SOM Kohonen network is that in SOM Kohonen
the distances between clusters are based on the network and not on the original space.
Results are heavily dependent on different measurement scales of variables, which is why
variables must be standardized.

3. Results

The factor analysis revealed hidden factors showing diversity of the situations of
MSMEs in different local units (gmina). Based on eigenvalue criterion (above 1) and
reasonable share of explained variance, eight factors were selected (see Table 2).

Table 2. Factor analysis results—quartimax rotation.

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8
pop_prod_share -0.20 —0.41 0.19 0.32 0.12 0.26 -0.10 —0.12
unemp_prod_share —0.30 —-0.17 0.27 —0.52 —-0.11 —-0.11 0.35 0.30
rev_pc 0.72 0.32 0.00 0.24 0.25 0.03 0.10 —0.05
rev_from_taxes_pc 0.74 0.31 —0.08 0.39 0.15 0.04 0.11 —0.02
debt_pc 0.03 —0.03 0.08 0.09 0.65 —0.08 0.24 —-0.19
service_share_payer 0.29 0.17 —0.12 0.13 —0.02 0.04 0.84 0.00
industry_share_payer —0.30 —0.22 0.09 0.01 0.00 —0.05 —0.79 —0.01
avg_wage_f 0.20 0.07 —0.05 0.58 —0.03 —0.41 0.02 0.49
avg_wage_m 0.24 0.06 0.09 0.78 0.08 —0.12 0.08 0.30
avg_wage_micro 0.01 —0.09 0.11 0.16 0.15 0.10 0.01 0.73
avg_wage_small 0.34 0.11 —0.06 0.65 0.10 —0.01 0.12 0.24
avg_wage_medium 0.11 0.07 0.14 0.75 0.07 —0.01 0.01 —-0.13
rev_pc_self 0.25 0.92 —0.04 0.14 0.09 0.01 0.08 —0.03
rev_pc_micro 0.19 0.94 —0.06 0.09 0.04 0.00 0.10 —0.03
rev_pc_small 0.20 0.95 —0.06 0.09 0.07 0.01 0.07 —0.04
rev_pc_medium 0.09 0.94 —0.03 0.03 0.05 0.01 0.04 —0.02
ind_share_empl 0.04 —0.06 —0.04 —-0.07 —0.05 0.94 —0.05 0.06
serv_share_empl 0.10 0.04 —0.03 —0.05 —0.02 0.95 0.12 0.02
micro_per10ths 0.81 0.12 —0.07 0.26 0.02 0.12 0.16 —0.18
small_per10ths 0.79 —0.01 —0.08 0.17 0.03 0.20 -0.13 —0.11
medium_per10ths 0.80 0.10 —0.01 —0.18 —0.06 —-0.16 0.13 0.15
roacls_regional_krn2 —0.14 —0.08 0.60 —0.17 0.09 —0.12 —0.29 0.10
roads_voivodeship_km? —0.11 —0.04 0.71 0.09 —0.03 0.03 0.10 —0.15
roads_local_km? —0.05 —0.06 0.84 0.11 0.15 0.03 —0.02 0.10
perc_ground_roads —0.11 —0.08 0.95 0.02 0.14 —0.03 —-0.11 0.09
pre_school_education 0.60 0.19 —0.21 0.12 —0.10 —0.04 0.18 0.24
expenses_pc 0.06 0.14 0.22 —0.02 0.89 —0.01 —0.09 0.09
expenses_educ_pc —0.01 0.13 -0.17 0.15 0.59 0.07 —-0.14 0.15
expenses_capital_pc 0.05 —0.03 0.22 0.05 0.83 —0.04 —0.05 0.10
feminization 0.55 0.39 —0.17 —0.09 —0.14 —0.10 0.45 0.13

Source: Authors’ analysis.



Sustainability 2021, 13, 2292 7 of 15

Factors influencing the situation of micro, small and medium enterprises on local
level:

e  Factor 1—access to pre-school education, feminization ratio, number of micro, small
and medium enterprises.
Factor 2—average revenues of micro, small and medium enterprises.
Factor 3—roads infrastructure: voivodehip, regional, local and ground roads.
Factor 4—average contribution base from small, medium enterprises, average contri-
bution base of females and males (negative correlation with unemployment).

e  Factor 5—public debt of local unit (gmina), expenditure of local units (gmina) total,
expenditure for education and capital expenditure per capita.
Factor 6—share of employed in industry and services.
Factor 7—share of contribution payers in services (negative correlation with share of
contribution payers in industry)

e  Factor 8—average contribution base of women and in micro enterprises—females,
average wage based on contribution—micro enterprises.

Among these factors there are two that are related directly to the environment in
which the MSMEs operate: Factor 5 that reflects the situation of the finances of the local
unit and Factor 3 related to the infrastructure. Factor 1 reflects both the density of the sector
and the local social conditions, while the remaining factors reflect the financial situation of
the sectors and employment characteristics.

Hierarchical cluster analysis based on minimal Ward variance method was used as
a pre-step for k-means clustering. To find an optimal number of clusters pseudo t-sqrt
statistic was utilized because Cubic Clustering Criterium (CCC) and pseudo-F were much
less informative. According to this measure the optimal number of clusters was set up as
five clusters (see Figure 1).

\_— \\//\ \/\¥ . S

Pseudo-tsqrt -

S 10 15 20 23

number of clusters

Figure 1. Hierarchical clustering—optimal number of clusters. Source: Authors’ analysis.
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3.1.

K-Means Clustering

As a result of the clustering, two clusters with a high share of rural local units (gmina)

emerged (Cluster 1 and Cluster 2), all together 25 local units and two clusters with high
share of rural-urban and urban local units (gmina) (Cluster 3 and Cluster 4), all together

117

local units. Additionally, there was an outstanding cluster 5 with only two urban local

units: Toruii and Budgoszcz (see Table 3).

Table 3. Local units (gmina) structure—k-means clusters.

Local Unit Type Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Total
urban 0 (0.0%) 0 (0.0%) 12 (14.5%) 3 (8.8%) 2 (100.0%) 17 (11.8%)
urban-rural 1 (8.3%) 0 (0.0%) 24 (28.9%) 10 (29.4%) 0 (0.0%) 35 (24.3%)
rural 11 (91.7%) 13 (100.0%) 47 (56.6%) 21 (61.8%) 0 (0.0%) 92 (63.9%)
Total 12 (100.0%) 13 (100.0%) 83 (100.0%) 34 (100.0%) 2 (100.0%) 144 (100.0%)

Source: Authors’ analysis.

Spatial differences on the local level are visible on the local units (gmina) type differ-

ences: urban, rural and mixed (see Table 3). Results of k-means clustering are the following

(see

Tables 4 and 5 and Figure 2):

(n = 12) Cluster 1—cluster is characterized by a high number of micro and small
enterprises per 10ths citizens (see Table 3). There is majority of rural local units
(gmina) and the most important are Factor 1, 4 and 5 (see Figure 2). This cluster is
characterized by high average wage, high feminization ratio and high pre-school
education ratio. There is also low unemployment and medium level of expenses in
local units (see Table 4). These local units surround the two largest cities in the region
(cluster 5).

(n = 13) Cluster 2—cluster is characterized by law number of micro and small enter-
prises per 10ths citizens (see Table 3). There are only rural local units (gmina) in this
cluster and the most important is Factor 6 (see Figure 2) characterized by a high share
employed in industry and services, very low average wage, high unemployment rate
and weak road infrastructure (see Table 4).

(n = 83 + 34) Clusters 3 and 4—those clusters are characterized by the lowest number
of micro and small enterprises per 10ths citizens (see Table 3). Those two clusters are
typical medium profile clusters with the highest frequency of local units (gmina) and
smallest differences between clusters. In cluster 3 there are weaker roads infrastructure.
In cluster 4 there is good roads infrastructure but higher expenses per capita on local
unit level (gmina). There is medium average wage and a low share working in
industry and services in those two clusters (see Table 4).

(n = 2) Cluster 5—this cluster is outstanding with only two local units, only two urban
units with two main cities in this region (see Table 3): Torurh and Bydgoszcz. There is
a high number of enterprises in this region. This cluster is also characterized by low
unemployment and relatively high average wage. There are very high revenues form
micro and small enterprises. There is a very high feminization ratio and pre-school
education share in those two main cities (see Table 5).
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Table 4. Number of enterprises per 10ths citizens—k-means clusters.
Variable Mean Std. Dev. Min Max N Median
Cluster 1
micro_per10ths 201.53 47.92 136.39 307.01 12 189.39
small_per10ths 45.71 12.78 24.49 68.85 12 45.17
medium_per10ths 8.30 3.27 4.08 12.97 12 8.99
Cluster 2
micro_per10ths 145.00 34.02 84.19 212.03 13 142.30
small_per10ths 34.47 12.45 18.94 52.44 13 33.39
medium_per10ths 3.14 3.44 0 10.20 13 2.39
Cluster 3
micro_per10ths 139.80 38.57 25.60 240.65 83 134.85
small_per10ths 32.04 10.48 8.15 65.73 83 31.14
medium_per10ths 6.24 3.84 0 19.82 83 5.95
Cluster 4
micro_perl0ths 131.79 36.61 61.73 251.53 34 124.42
small_per10ths 29.20 11.87 8.81 66.05 34 27.06
medium_per10ths 7.16 3.57 217 17.85 34 6.35
Cluster 5
micro_per10ths 211.79 18.07 199.01 224.57 2 211.79
small_per10ths 42.17 2.78 40.21 4414 2 42.10
medium_per10ths 10.90 1.24 10.02 11.78 2 10.90
Source: Authors’ analysis.
Table 5. K-means analysis—mean values for clusters (5 clusters).
Variable Cluster 1 (12) Cluster 2 (13) Cluster 3 (83) Cluster 4 (34) Cluster 5 (2)
pop_prod_share 0.630 0.627 0.620 0.622 0.592
unemp_prod_share 0.036 0.065 0.069 0.085 0.033
rev_pc 2721.990 1631.760 1632.180 1784.680 3332.070
rev_from_taxes_pc 1128.850 560.988 587.809 549.584 1413.040
debt_pc 1477.370 1023.750 922.092 1441.160 1021.520
service_share_payer 53.216 49.758 48.017 48.556 60.413
industry_share_payer 27.974 28.985 31.001 30.048 18.642
avg_wage_f 2894.500 2222.240 2609.300 2556.820 2782.710
avg_wage_m 3219.620 2731.370 2886.480 2894.490 3098.540
avg_wage_micro 2206.020 2117.830 2103.260 2142.750 2056.860
avg_wage_small 3178.570 2675.860 2683.310 2648.370 3089.120
avg_wage_medium 3659.490 3353.190 3350.000 3332.190 3571.580
rev_pc_self 328.37 min 65.95 min 100.79 mIn 111.32 mIn 4095.29 mln
rev_pc_micro 327.69 min 95.59 min 164.79 min 169.66 min 5531.95 min
rev_pc_small 313.40 mIn 105.14 mIn 134.12 mIn 155.61 mIn 4766.88 min
rev_pc_medium 246.93 min 24.86 mln 141.23 min 237.81 min 12,159.49 mIn
ind_share_empl 0.190 0.571 0.211 0.198 0.169
serv_share_empl 0.261 0.702 0.212 0.216 0.341
micro_per10ths 201.533 145.003 139.801 131.788 211.792
small_per10ths 45.709 34.469 32.046 29.201 42.175
medium_per10ths 8.299 3.140 6.241 7.165 10.901
roads_regional_km? 0.043 0.075 0.100 0.229 0.000
roads_voivodeship_km2 0.007 0.022 0.013 0.064 0.008
roads_local_km? 0.214 0.162 0.075 0.471 0.093
perc_ground_roads 26.372 25.845 18.747 76.322 10.220
pre_school_education 777.083 595.154 690.602 650.971 942.000
expenses_pc 5636.510 5150.210 4805.670 5675.970 6054.870
expenses_educ_pc 1693.160 1435.700 1377.120 1509.300 1729.010
expenses_capital_pc 1476.500 1030.230 793.301 1387.470 1242.000
feminization 102.083 98.923 101.434 100.882 114.000

Source: Authors’ analysis.



Sustainability 2021, 13, 2292

10 of 15

— 2 3 ] —
1
8
8
f 3
6 4

5

' Factor1 Factor2 Factor3 Factor4 Factor5 | Factor6 | Factor7 Factor 8 -

Cluster1

Cluster 2
Cluster 3

108 031 -03 18 094 = -008 003 = 019
041 @ 014 018 029 0.6 259 020 044
(Cnster | - 008 : 010 | 038 & 004 042 | 028 | 013 ; 004
. 004 004 112 048 061 | 029 023 019
Clusterd | N BRI RR e ke TR N

Cluster 5

Figure 2. Factors’ averages for k-means clustering. Source: Authors’ analysis.

3.2. SOM Kohonen Clustering

Due to an even number of dimensions in SOM Kohonen the outstanding cluster 5 was
excluded and grouping into four clusters was applied on the remaining sample of local
units (gmina). SOM Kohonen was performed on eight factors.

There are two clusters with high share of rural local units (Cluster 3 and Cluster 4)
all together with 59 local units (gmina) and two clusters with relatively high share of
urban-rural and urban local units (Cluster 1 and Cluster 2) all together with 83 local units
(gmina) (see Table 6).

Table 6. Local units (gmina) structure— Self-Organizing Maps by Kohonen (SOM) Kohonen clusters.

Local Unit Type Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Total
urban 11 (18.3%) 2 (8.8%) 1(2.9%) 1(4.1%) 2 (100.0%) 17
urban-rural 18 (30.0%) 7 (30.4%) 6 (17.1%) 4 (16.7%) 0(0.0%) 35
rural 31 (51.7%) 14 (60.8%) 28 (80.0%) 19 (79.2%) 0 (0.0%) 92
Total 60 (100.0%) 23 (100.0%) 35 (100.0%) 24 (100.0%) 2 (100.0%) 144

Source: Authors” analysis.

Spatial differences on a local level are visible on the local units (gmina) type differences:
urban, rural and mixed. Results of SOM Kohonen clustering are the following:

e  (60) Cluster 1—clusters with a significant role of Factor 4 and Factor 7, mostly corre-
lated with average wage based on contribution, especially in the services sector (see
Figure 3). In this cluster there is a high average number of micro enterprises and also
a high number of medium enterprises (see Table 6). Finally, local units that belong to
this cluster have a small share of ground roads, low capital expenses in the region, a
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higher feminization ratio as well as quite a high coverage of the pre-school education
(see Table 7).

e  (23) Cluster 2—significant importance of Factor 3, 6 and 8 (see Figure 3). Factor 8
is strongly correlated with average wage (contribution base) of women and average
wage in micro-enterprises. Cluster 2 is characterized by a low number of small and
micro enterprises and slightly higher number of medium enterprises (see Table 7). At
the same time, these local units have a very low level of revenues per capita but high
level of expenses (see Table 8).

e  (35) Cluster 3 and (24) Cluster 4—significant importance of Factor 3 and Factor 6 (see
Figure 3). Factor 3 is correlated with roads infrastructure: voivodeship, regional, local
and ground. Factor 6 is correlated with share of those employed in industry and
services. Lowest number of small and medium enterprises. Those clusters are also
characterized by lowest revenues per capita. Surprisingly, those clusters have lowest
feminization ratio (see Table 8).

e (2) Cluster 5—already described in k-means section. Very high number of micro
and small enterprises (see Table 7). In this outlying cluster there are only two main
cities in the region: Torurt and Bydgoszcz. This cluster is characterized by very low
unemployment, and high average wage based on contribution. There are very high
revenues from micro and small enterprises. In those two main cities there is a very
high feminization ratio and pre-school education share (see Table 8).

e Cluster 1 == Cluster 2 Cluster 3 Cluster 4 === (Cluster 5
1
8
7 3
6 |
5
Factor1 | Factor 2 | Factor3 | Factor4 | Factor5 | Factor6 | Factor 7 @ Factor 8
Cluster 1 0.15 -0.07 -0.54 0.42 -0.17 -0.24 0.39 0.20
Cluster 2 0.00 -0.16 0.71 -0.52 0.34 0.61 0.12 1.16
Cluster 3 -0.04 -0.09 -0.20 -0.63 0.16 -0.35 -1.07 -0.44
Cluster 4 -0.35 -0.19 0.95 0.32 -0.16 0.49 0.46 -0.98
Cluster 5 0.39 7.68 0.07 0.58 0.33 0.19 0.04 -0.02

Figure 3. Factors’” averages for SOM Kohonen clustering. Source: Authors’ analysis.
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Table 7. Number of enterprises per 10ths citizens—SOM Kohonen clusters.
Variable Mean Std. Dev. Min Max N Median
Cluster 1
micro_per10ths 153.73 43.14 74.63 307.01 60 151.06
small_per10ths 34.15 11.42 11.76 68.85 60 34.23
medium_per10ths 7.12 3.40 0 13.81 60 6.84
Cluster 2
micro_per10ths 132.57 40.02 61.73 231.53 23 125.61
small_per10ths 32.12 13.51 15.65 66.05 23 29.58
medium_per10ths 6.77 5.11 0 17.85 23 5.78
Cluster 3
micro_per10ths 131.36 44.02 25.60 251.53 35 126.30
small_per10ths 32.61 11.56 8.15 63.47 35 30.78
medium_per10ths 5.53 3.71 0 19.82 35 4.74
Cluster 4
micro_perl0ths 146.54 33.79 93.95 231.49 24 145.42
small_per10ths 29.99 11.94 8.81 65.73 24 27.86
medium_per10ths 523 3.48 0 13.27 24 5.08
Cluster 5
micro_per10ths 211.79 18.07 199.01 224.57 2 211.79
small_per10ths 42.17 2.78 40.21 4414 2 42.17
medium_per10ths 10.90 1.24 10.02 11.78 2 10.90

Source: Authors’ analysis.

Table 8. Mean values for SOM Kohonen clusters.

Variable Cluster 1 (60) Cluster 2 (23) Cluster 3 (35) Cluster 4 (24) Cluster 5 (2)
pop_prod_share 0.62 0.62 0.62 0.63 0.59
unemp_prod_share 0.07 0.08 0.07 0.07 0.03
rev_pc 1905.42 1727.84 1613.87 1644.82 3332.07
rev_pit_pc 728.28 516.54 540.44 575.85 1413.04
debt_pc 1097 .44 1124.46 956.56 1307.58 1021.52
service_share_payer 52.21 48.20 42.32 49.96 60.41
industry_share_payer 27.67 28.92 35.92 30.19 18.64
avg _wage_f 2704.48 2574.69 2489.08 2438.42 2782.71
avg_wage_m 2984.65 2910.44 2765.61 2888.25 3098.54
avg_wage_micro 2139.13 2266.89 2043.30 2059.45 2056.86
avg_wage_small 2816.66 2672.09 2582.54 2701.76 3089.12
avg_wage_medium 3426.75 3275.61 3272.36 3473.90 3571.58
rev_pc_self 197.86 mIn 39.77 mln 66.01 mln 77.18 mln 4095.29 min
rev_pc_micro 283.47 mln 77.28 mln 93.58 mIn 106.68 min 5531.96 min
rev_pc_small 248.22 mln 57.52 mln 82.84 min 101.47 min 4766.88 mln
rev_pc_medium 289.84 min 81.78 mIn 79.27 mln 43.69 min 12,159.49 min
ind_share_empl 0.21 0.33 0.20 0.29 0.17
serv_share_empl 0.23 0.37 0.19 0.33 0.34
micro_per10ths 153.74 132.57 131.36 146.54 211.79
small_per10ths 34.15 32.12 32.61 29.99 42.18
medium_per10ths 712 6.77 5.53 524 10.90
roads_regional_km? 0.06 0.20 0.17 0.12 0.00
roads_voivodeship_km? 0.01 0.04 0.01 0.08 0.01
roads_local_km? 0.06 0.40 0.13 0.39 0.09
perc_ground_roads 13.08 64.44 31.38 59.91 10.22
pre_school_education 746.55 695.48 634.89 562.71 942.00
expenses_pc 4924.51 5463.85 5260.60 5049.36 6054.87
expenses_educ_pc 1462.66 1517.07 1433.41 1324.04 1729.01
expenses_capital_pc 857.15 1259.39 1133.54 1002.50 1242.00
feminization 103.10 100.87 98.91 99.67 114.00

Source: Authors’ analysis.
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The analysis resulted in the creation of classifications based on the dominant char-
acteristic of the local units assigned to the specific cluster. There is a clear division into
rural-urban sub-regions with low infrastructure far from urban centers. In those sub-
regions we have lowest number of enterprises per 10ths citizens. We also observe two
rural sub-regions with a high number of enterprises surrounding two outlier urban regions
(main cities in the voivodeship). The infrastructure around the biggest cities is better than
in the peripheral areas. This means that the local units surrounding big cities benefit from
the proximity of the local centers, including high average wage, high feminization ratio
and high pre-school education ratio. They also have low unemployment and a medium
level of expenditure of the local governments.

4. Discussion

Spatial analysis revealed differences between local units that form distinct clusters.
There is also a visible dependence on the urbanization level of regions (see Figure 4). The
two largest cities in the region: Bydgoszcz and Torun sprawl their urbanization effect
on the surrounding local units. Distinct local units are also concentrated around the two
remaining big cities (Grudziadz, Wloctawek) and are mostly urban-rural specific. At the
same time, there is a large group of local units, who are weaker economically and more
peripheral.

(a) (b)

Figure 4. (a) K-means clusters map (b) SOM Kohonen clusters map.

Our analysis helps to identify features that differentiate the local units in the region,
which include both factors related to the situation of the MSMEs sector and the environment
in which they operate. The factor that explains the highest share of the observed variance
covers both the characteristics of the sector (density of the MSMEs at the local level),
but also demographic structure (feminization rate) and social infrastructure (pre-school
coverage). This shows that the condition of the MSMEs sector is closely linked to the social
infrastructure and demographic development. Such a combined “hidden” factor confirms
that at the local level the conditions for sustainable development are linked to the role of
the MSME:s sector.

The next identified factors include two that are related to the financial situation of the
companies (revenues) and the wages they offer and two factors related to road infrastruc-
ture and the situation of public finance at the local level. This shows that the differences
that are observed between groups of the local units stem both from the differences within
the MSME:s sector, but also the environment they operate in, which are interconnected.

Based on those factors some specific policies can be addressed to support the MSMEs
sector sustainable development on the local level, in particular designing local policies
and instruments creating conditions conducive to its growth. In particular, we see that
the situation in the local units surrounding the larger cities is relatively better, so there is
an urbanization spread from which they benefit. As a result, there is little need of further
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active public policies focusing on supporting the MSMEs development in these clusters.
In contrast, the urban-rural areas more distant from the big cities have a lower average
wage and low share of work in industry and services. At the same time, these local units
have less financial potential to stimulate MSMEs development. Therefore, maintaining
more harmonious development and reduction in the observed differences requires support
from regional policy makers, including investment in infrastructure and instruments that
support entrepreneurship (i.e., access to microfinance) that in turn lead to job creation,
reduction in unemployment and sustainable development.

The main limitation of this research is that it is based on the observation in one year
only in the area limited to one region. It can be extended in the future by the possible
inclusion of dynamic information that could influence the results. Despite these deficiencies
it shows that broader use of the administrative data can provide a deeper insight into the
situation of the MSMEs at the local level. Future research will cover a wider geographic
area and also on dynamic approach. In the authors’ opinion, this could contribute to a
better understanding of the local determinants of the MSMEs condition and the role of the
MSME:s sector in sustainable development at the local level.
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