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Abstract. The purpose of this paper was to assess the im
pact of demographic conditions on the labor market situa
tion in the Kujawsko-Pomorskie voivodeship, considering 
the spatial dependencies prevailing in the municipality sys
tem in 2004–2015. The problem of reducing inequalities in 
the voivodeship’s labor market was also addressed. Accord
ing to the Development Strategy of the Kujawsko-Pomorskie 
voivodeship until 2020, the main objective is to improve the 
competitiveness of the voivodeship’s economy which would 
result in increased employment, especially in the region’s 
rural areas. This aspect of development may be affected by 
demographic processes (e.g. changes in the share of the work
ing-age population in the total population). The labor market 
and the demographic situation in the region under considera
tion were assessed based on the spatial taxonomic measure of 
development. Panel data models were evaluated to verify the 
relationships between the examined aspects of regional devel
opment. Supporting the analysis was a labor market conver
gence model developed to verify the hypothesis of inequali
ties reduction in the labor market.

Keywords: labor market, demographic situation, spatial taxo
nomic measure of development, β-convergence 

INTRODUCTION

One of the three productive inputs, labor is particularly 
important in rural areas. Rural labor trends are the basis 
for the region’s sustainable development. Compared to 

other voivodeships, Kujawsko-Pomorskie has demon
strated poor levels of development on the labor market in 
recent years. As regards recent unemployment figures, it 
has been ranked at the bottom of the voivodeships’ list. 
The situation in the regional labor market is determined 
by many aspects, including demographic factors.

The EU Directives require the member states to pur
sue socio-economic cohesion within and across them. 
Regional cohesion is about providing equal opportuni
ties in all aspects of social life to both urban and rural 
residents; such a requirement is also imposed by the au
thorities of the Kujawsko-Pomorskie voivodeship. Poor 
labor market conditions and unfavorable demographic 
changes in the voivodeship were emphasized in numer
ous strategies, including: the Strategy for the Develop
ment of the Kujawsko-Pomorskie voivodeship until 
2020; 2020+ Modernization Plan and the Social Policy 
Strategy for the Kujawsko-Pomorskie voivodeship until 
2020, adopted by the authorities to improve the condi
tions for regional development in social and economic 
aspects.

Because unemployment usually affects young peo
ple (Danecka, 2013), more and more jobs need to be 
created. The unemployment and the number of enter
prises are the key characteristics of the labor market sit
uation. While the growing working-age population may 
be responsible for the deterioration in the labor market, 
the ageing process could have a positive effect on its 
formation. 
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The purpose of this study was to assess the influence 
of demographic conditions on the labor market situation 
in the Kujawsko-Pomorskie voivodeship, considering 
the spatial dependencies in 2004–2015.

MATERIAL AND METHODS

Data
The analysis was carried out at NUTS-5 spatial aggre
gation level. The variables that characterize the labor 
market and demographic situation, together with the 
nature of their impact, are listed in Table 1. Of all the 
data available at a fixed level of aggregation, the above 
are considered to be the most important determinants for 
these survey areas. The data was retrieved from the Pol
ish Central Statistical Office (GUS) database.

The situation in different regions was examined us
ing the spatial taxonomic measure of development. On 
that basis, the municipalities were ranked by condition 
of the examined socio-economic dimensions, starting 
from the best performing ones. In addition, the impact of 
demographic conditions on labor market measurement 
was subject to further analysis using panel data model 
estimates with fixed effects. Finally, the β-convergence 
model was estimated to determine the significance of 
the reduction of labor market inequalities across the mu
nicipalities of the voivodeship under consideration.

Three hypotheses were formulated in this study. The 
first one is that in the Kujawsko-Pomorskie voivode
ship, urban municipalities demonstrate better labor mar
ket conditions than rural and urban-rural municipalities. 
The second hypothesis is that a significant relationship 

exists between the determinants of the dimensions un
der review. The last one is that labor market inequalities 
across the municipalities located in the Kujawsko-Po
morskie voivodeship have been significantly reduced.

Spatial taxonomic measure of development
The spatial taxonomic measure of development is a con
cept that has already been addressed in Polish litera
ture (Antczak, 2013; Pietrzak, 2014; Sobolewski et al., 
2014). However, it may be structured in various ways. 
A systematized overview of the synthetic spatial de
velopment measure was provided by Kuc (2017) who 
identified the advantages and disadvantages of each ap
proach. In this study, the formula proposed by Pietrzak 
(2014) was used.

Initially, spatial autocorrelation was assessed for 
each variable using the Moran’s test based on the fol
lowing statistic (Suchecki, 2010):
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the weights matrix,
n – number of regions.
Then, for the spatial autocorrelation variables, the 

SAR model was estimated (Arbia, 2006):

Table 1. Set of diagnostic variables used in the study

Area Variables

Labor market X1 – share of registered unemployed in the working-age population (D)
X2 – number of enterprises per 10,000 working-age population (S)
X3 – share of working population in the working-age population (S)

Demography X4 – share of pre-working-age population in total population (S)
X5 – share of working-age population in total population (S)
X6 – share of post-working-age population in total population (D)
X7 – population density (S)
X8 – number of live births per 1,000 population (S)
X9 – number of marriages per 1,000 population (S)

S – factors with a stimulating effect; D – factors with a restrictive effect
Source: own elaboration.
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y = ρWy + ε

where y is the vector of explanatory variables, ρ is the 
spatial autoregressive parameter and W is the appropri
ate spatial neighborhood matrix (in the study, the com
mon-boundary adjacency matrix was used). The estima
tion of the spatial autoregressive parameter was then 
used to transform some diagnostic variables as per the 
following formula (Pietrzak, 2014):

Zj = (I – ρW)Xj

where ρ is the spatial autoregressive parameter from the 
SAR model, with Xj as the explanatory variable.

The next steps in the construction of the spatial 
taxonomic measure of development are the same as 
in the traditional taxonomic measure of development 
(Grabiński, 1984; Kolenda, 2006). The nature of diag
nostic variables (classified as factors with a stimulating 
or restrictive effect) was determined. Afterwards, the 
diagnostic variables were standardized, and a develop
ment pattern for each variable was specified. The dis
tance from the development pattern was calculated as 
a Euclidean distance. Then, the synthetic variable was 
determined and normalized. The values obtained repre
sent the spatial assessment of the taxonomic develop
ment measure.

Panel data models
A cross-sectional dataset was used to estimate panel 
data models and to subsequently verify the demographic 
conditions’ impact on the labor market in the Kujaw
sko-Pomorskie voivodeship. The following diagnostic 
tests were used to identify the right model: the Wald test 
(comparing the model estimated by the least squares 
method with the fixed effects model); the Breusch-
Pagan test (the confronting model estimated by least-
squares and random-effects regression); and the Haus
man test (comparing the models with fixed and random 
effects) (Osińska, 2007). 

β-convergence approach
β-convergence occurs if areas that initially recorded 
lower values of the feature under consideration demon
strate faster growth rates than areas with higher initial 
values (Kusideł, 2013).

In order to verify the hypothesis on the reduction of 
labor market inequalities, the traditional β-convergence 

model for cross-sectional data, given by the following 
formula, was used (Arbia, 2006):
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where y0,i and yT,i are the spatial values of the taxonom
ic measure describing the condition of the labor mar
ket in region i in the first and last period of this survey, 
respectively.

The β parameter is used to calculate the thalf–life value 
which represents the time needed to narrow the gap by 
half and is expressed as follows:
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b
+

=  is the convergence rate.

RESULTS

Tables 2 and 3 present the list of municipalities ranked 
by calculated characteristics of the labor market and de
mographic situation in selected years of the study pe
riod. Figures 1 and 2 present the regional differences 
between the municipalities of the Kujawsko-Pomorskie 
voivodeship in values calculated for the first and last 
year of the survey period.

Municipalities of the Kujawsko-Pomorskie voivode
ship ranked high in terms of labor market conditions. 
The cities offer excellent conditions for job creation, 
resulting in low unemployment. In most cases, rural 
municipalities located far away from large cities were 
the ones with the worst labor market conditions. The 
voivodeship is more diversified in terms of demogra
phy than in terms of labor market conditions. In the re
gion under review, there were no significant disparities 
in demographic characteristics between urban and rural 
areas. Urban municipalities were both top- and bottom-
ranked, reflecting the demographic condition of the 
municipalities.

The next step of this investigation was the analysis 
of relationships between demographic and labor market 
conditions. The results of the panel diagnostic test are 
shown in Table 4.

For reasons of interpretation, a model with fixed 
effects was chosen for further analysis. The depend
ent variable is a synthetic variable describing the situ
ation on the labor market, a variable independent, and 
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Table 2. Municipalities ranked by labor market situation; (1) – urban municipality, (2) – rural municipality, (3) – urban-
rural municipality

Rank
Year

2004 2008 2012 2015

1 Lipno (1) Brodnica (1) Białe Błota (2) Białe Błota (2)

2 Brodnica (1) Białe Błota (2) Ciechocinek (1) Lipno (1)

3 Bydgoszcz (1) Lipno (1) Lipno (1) Ciechocinek (1)

4 Toruń (1) Bydgoszcz (1) Bydgoszcz (1) Bydgoszcz (1)

5 Włocławek (1) Ciechocinek (1) Brodnica (1) Brodnica (1)

6 Białe Błota (2) Łysomice (2) Toruń (1) Toruń (1)

7 Ciechocinek (1) Włocławek (1) Łysomice (2) Rypin (1)

8 Rypin (1) Toruń (1) Radziejów (1) Łysomice (2)

9 Radziejów (1) Świecie (3) Włocławek (1) Wielka Nieszawka (2)

10 Świecie (3) Wielka Nieszawka (2) Rypin (1) Włocławek (1)

…

135 Jeziora Wielkie (2) Dobre (2) Aleksandrów Kujawski (2) Lipno (2)

136 Boniewo (2) Rojewo (2) Choceń (2) Kęsowo (2)

137 Rogóźno (2) Rogóźno (2) Rojewo (2) Choceń (2)

138 Dąbrowa (2) Wielgie (2) Chełmno (2) Dobre (2)

139 Świecie nad Osą (2) Boniewo (2) Rogóźno (2) Czernikowo (2)

140 Wąpielsk (2) Wąpielsk (2) Lipno (2) Wąpielsk (2)

141 Kęsowo (2) Sośno (2) Bobrowniki (2) Świecie nad Osą (2)

142 Lipno (2) Bobrowniki (2) Papowo Biskupie (2) Rojewo (2)

143 Mrocza (3) Lipno (2) Świecie nad Osą (2) Papowo Biskupie (2)

144 Papowo Biskupie (2) Świecie nad Osą (2) Boniewo (2) Boniewo (2)

Source: own elaboration.

Table 3. Municipalities ranked by demographic situation; (1) – urban municipality, (2) – rural municipality, (3) – urban-
rural municipality

Rank
Year

2004 2008 2012 2015
1 2 3 4 5
1 Brodnica (2) Czernikowo (2) Cekcyn (2) Świecie nad Osą (2)

2 Golub-Dobrzyń (1) Brodnica (2) Golub-Dobrzyń (1) Łubianka (2)

3 Lubicz (2) Świecie nad Osą (2) Obrowo (2) Wąbrzeźno (2)
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Table 3 cont.

1 2 3 4 5
4 Łasin (3) Lubicz (2) Jeżewo (2) Górzno (3)

5 Brodnica (1) Kamień Krajeński (3) Świecie nad Osą (2) Waganiec (2)

6 Aleksandrów Kujawski (1) Rogóźno (2) Dąbrowa (2) Dębowa Łąka (2)

7 Górzno (3) Kęsowo (2) Mrocza (3) Drzycim (2)

8 Rypin (2) Radziejów (1) Brzozie (2) Sicienko (2)

9 Tłuchowo (2) Obrowo (2) Stolno (2) Golub-Dobrzyń (1)

10 Bartniczka (2) Mrocza (3) Kamień Krajeński (3) Golub-Dobrzyń (2)

…

135 Ciechocin (2) Raciążek (2) Koneck (2) Baruchowo (2)

136 Lubień Kujawski (3) Jeziora Wielkie (2) Lubień Kujawski (3) Barcin (3)

137 Dobre (2) Skrwilno (2) Nowe (3) Koneck (2)

138 Boniewo (2) Lubień Kujawski (3) Włocławek (1) Nowe (3)

139 Skrwilno (2) Boniewo (2) Bytoń (2) Skrwilno (2)

140 Bydgoszcz (1) Bytoń (2) Bydgoszcz (1) Ciechocin (2)

141 Bytoń (2) Bydgoszcz (1) Raciążek (2) Bydgoszcz (1)

142 Książki (2) Radziejów (2) Baruchowo (2) Włocławek (1)

143 Nieszawa (1) Nieszawa (1) Skrwilno (2) Boniewo (2)

144 Ciechocinek (1) Ciechocinek (1) Ciechocinek (1) Ciechocinek (1)

Source: own elaboration.

Fig. 1. Labor market situation in municipalities in 2004 and related growth rate in 2004–2015
Source: own elaboration.
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a synthetic spatial metric of the demographic situation 
in municipalities. The results of model estimation and 
verification are shown in Table 5.

The coefficient (parameter) of the independent vari
able is statistically insignificant at the 0.05 level. This 
means that the demographic situation in the Kujawsko- 
-Pomorskie voivodeship, reflected by the value of the 
taxonomic spatial measure, does not have a significant 
impact on labor market situation. The insignificancy of 
this relationship may result from the excessive number 
of indicators used in the demographic situation measure. 
A better option could be to start by checking the rela
tionship between the labor market situation and each of 
the indicators separately. The indicators can either differ 
in their impact on this process or be neutral. Moreover, 

the model does not demonstrate the proper characteris
tics of an econometric model, and therefore should be 
modified to better fit the reality. 

The last step in this study consisted in verifying the 
hypothesis of reduced inequalities in the labor market. 
Figure 1 shows the value of the measure considered in 
2004 and its growth rate in 2004–2015. It was therefore 
noted that in municipalities characterized by lower val
ues of the measure, the growth rate was initially higher, 
and vice versa. As a consequence, it may be assumed 
that β-convergence occurs. Figure 2 presents the demo
graphic situation in municipalities in 2004 and the re
lated growth rate in 2004–2015. 

The municipalities characterized by similar growth 
rates of both processes form a cluster but their spatial 

Fig. 2. Demographic situation in municipalities in 2004 and related growth rate in 2004–2015
Source: own elaboration.

Table 5. Estimation and validation results for the model with 
fixed effects

Parameter Estimate Std. Error t statistics p-value

α –0.0062359 0.013975 –0.4462 0.6555

R2 = 0.00012577         F = 0.199116 (0.6555)

Breusch-Godfrey test χ2 = 665.3397 (0.0000)

Source: own elaboration.

Table 4. Panel diagnostic tests

Test Test statistics (p-value)

Wald F = 205.5710 (0.0000)

Breusch-Pagan LM = 8369.7400 (0.0000)

Hausman H = 3.7440 (0.0530)

Source: own elaboration.
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differentiation patterns are not similar. The municipali
ties with high growth rates for the labor market process 
do not demonstrate high growth rates of the demographic 
situation. It means these processes follow different paths.

The results of the estimation and verification of the 
convergence model for the labor market situation are 
presented in Table 6.

The estimated β parameter for the convergence mod
el is negative at a near-critical significance level (0.05). 
Nevertheless, the parameter was considered statisti
cally significant, and therefore the convergence of the 
labor market in the Kujawsko-Pomorskie voivodeship 
was examined. However, the time needed to narrow the 
gap by half – as calculated in the model – is nearly 72.5 
years. If convergence between urban and other munici

palities was considered separately, the time to narrow 
the gap would probably be shorter.

DISCUSSION

The high unemployment rate and poor entrepreneur
ship, which is observed primarily in rural areas, are the 
manifestations of the shortcomings in the labor market in 
the Kujawsko-Pomorskie voivodeship. The region also 
suffers from the highest degree of poverty. The adverse 
trend of ageing is another issue that affects the level of 
socio-economic development in the Kujawsko-Pomor
skie voivodeship. This problem is not only affected by 
rural areas but by the whole region. In the past, the labor 
market and demographic situation was taken into ac
count in the research on the living conditions of the rural 
population (Mikuła, 2013; Pomianek, 2014; Sompolska- 
-Rzechula, 2017; Szymańska et al., 2009). In her study, 

Sompolska-Rzechula (2017) points out the poor living 
conditions of the Kujawsko-Pomorskie voivodeship’s 
population in comparison to other voivodeships. The 
analysis of the demographic conditions’ impact on labor 
market situation was already presented in earlier litera
ture (Mikuła, 2013; Zieliński, 2013). Zieliński (2013) 
states that the problem of rising unemployment is, among 
others, the result of increased economic activity of the 
population. The condition of the labor market in the Ku
jawsko-Pomorskie voivodeship was also discussed by 
Szulc and Jankiewicz (2017). According to the investi
gation conducted in this paper, the labor market situation 
in Kujawsko-Pomorskie voivodeship does not depend 
on the demographic situation measured with the spatial 
taxonomic measure of development. In this study, the de
mographic situation could be framed in too broad a fash
ion. Most earlier investigations focused on the influence 
of single demographic factors on the unemployment 
rate rather than on the general labor market situation.

The voivodeship’s poor performance in the two 
areas referred to above also results in undermining its 
competitiveness compared to other European NUTS-2 
regions, and in particular to other voivodeships. In 
his research, Hadyński (2016) used the competitive
ness indicator to show that the competitiveness of the 
Kujawsko-Pomorskie voivodeship at the European 
level is quite low. However, Surówka (2014), in her 
interesting study, examined the competitiveness of Pol
ish voivodeships based on several components; in this 
case, Kujawsko-Pomorskie was placed in the middle of 
the whole range. Kasztelan (2014) also conducted a re
search on the competitiveness of Polish voivodeships 
using a different approach based on the environmental 
point of view; in his study, Kujawsko-Pomorskie was 
ranked fifth. 

CONCLUSIONS

The Kujawsko-Pomorskie voivodeship is very diversi
fied in terms of labor market and demographic situation. 
The rural labor market needs significant development 
to ensure decent living conditions for the residents. The 
assumption that a change in the municipalities’ demo
graphic structure may improve the labor market condi
tions has not worked out; this issue should be addressed 
in more detail, based both on theoretical and econometric 
models. A as a part of further research on the labor mar
ket situation, the contribution of each characteristic of 

Table 6. Results of the estimation and verification of the con
vergence model for the labor market situation 

Parameter Estimate Std. Error t statistics p-value

α –0.1776 0.0795 –2.2220 0.0279

β –0.0999 0.0517 –1.9300 0.0556

R2 = 0.0256       F(1, 142) = 3.7254 (0.0556)

b = 0.0097

thalf–life = 72.4761

Source: own elaboration.
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the demographic situation will be considered separately. 
Nevertheless, a reduction of labor market inequalities is 
observed, which means a (small) progress in the devel
opment of the rural labor market compared to urban ar
eas. In further steps of this study, the research should be 
complemented by an approach based on dynamic panel 
models, developed both for the dependence of labor 
market conditions on demographics and for the analy
sis of labor market convergence. Moreover, the study 
should be extended to include an analysis of the urbani
zation process, taking into consideration the labor mar
ket situation in the Kujawsko-Pomorskie voivodeship.
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