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Abstract. Functional Urban Areas (FUAs) leads to a better knowledge of urban spatial or-
ganisation, which may play a significant role in regional policy making and may be help-
ful in understanding the connection between urbanisation and demographic development. 
An explanation of population change in urban regions can be associated the second de-
mographic transition comprising fertility decline below replacement level and postpone-
ment of births.
The aim of this paper is to focus on establishing similarity patterns and anomalous values 
of selected demographic variables in the cores and peripheral areas of Functional Urban 
Areas. At the background of this study lies an assumption that population development of 
FUA’s is shaped by different factors connected with second demographic transition and mi-
grations. To achieve the aims the following demographic characteristics were used: popu-
lation growth rate, dependency ratio, rate of natural increase, the net migration rate, and 
the dynamic economic ageing index,  Spatial methods play an increasingly important role 
in contemporary socio-demographic research. In order to identify spatial systems Glob-
al Moran Statistics and the Local Indicators of Spatial Association (LISA) including Local 
Moran statistics as well as Getis-Ord Gi* statistics were used. 
The research showed global and local autocorrelation of demographic processes in Func-
tional Urban Areas in Poland, namely population growth, natural increase, net migration 
and population ageing.The use of local Moran’s I statistic and the Getis-Ord Gi* method 
has led to identification of spatial clusters and dispersions representing different demo-
graphic variables. Spatial autocorrelation methods can be useful in an analysis of demo-
graphic variables including changes in time. The main contribution of this study to the 
research on demographic processes in urban areas was an application of spatial groupings 
techniques not only to find out similarity and dissimilarity patterns of demographic indi-
cators but also to apply this findings for the needs of spatial planning. 

Article details:
Received: 19 August 2020
Revised: 15 October 2020
Accepted: 22 March 2021

Key words:
functional urban areas,
spatial autocorrelation, 

Poland, 
population,

demographic variables



Sławomir Kurek, Mirosław Wójtowicz, Jadwiga Gałka / Bulletin of Geography. Socio-economic Series / 52 (2021): 123–144124

Contents:
1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  124
2. Study area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125
3. Data and methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125
 3.1. Data and methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125
 3.2. Methods of spatial autocorrelation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125
4. Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  127
 4.1. Global Moran statistics analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  127
 4.2. Local spatial autocorrelation statistics analysis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  128
5. Discussion and conclusions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  141
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  142

1. Introduction

Functional Urban Areas, not only in Poland but 
also in whole European countries, are characterised 
by dynamic demographic changes. Most studies on 
demographic change in functional urban regions 
refer to the “stages of urban development” mod-
el (Klaassen et al. 1981, van den Berg et al. 1982, 
Turok and Mykhnenko 2006, Buzar et al. 2007, Ka-
bisch and Haase 2011). However, model of urban 
development by van den Berg is presently criticised, 
because the particular stages do not always appear 
in sequential order. The present coexistence of the 
different stages (i.e. suburbanisation, de-urbanisa-
tion and reurbanisation) in the metropolitan are-
as of Europe (Buzar et al. 2007, Kabisch and Haase 
2011), confirms that there may be different trajec-
tories for European urban development (Kurek et 
al. 2020).

In Western European urban regions suburban-
isation and reurbanisation processes are observed 
(Buzar et al. 2007, Haase et al. 2010, Rèrat 2012). 
Gil-Alonso et al. (2016) also noticed that the urban 
centres in Spain started to gain population after a 
long term loss (Kurek et al. 2020).  In post-socialist 
countries, suburbanisation has intensified from the 
1990s onwards and has become one of the major 
processes shaping the spatial development and pop-
ulation dynamics of functional urban areas (Leet-
maa and Tammaru 2007, Novák and Sýkora 2007, 
Ouŕedníček 2007, Zborowski 2007, Leetmaa et al. 
2009, Kurek et al. 2015). Kurek et al. (2020) noted, 
that not only suburbanisation, but also de-urbanisa-
tion and the beginning of reurbanisation stages can 
be observed in Polish Functional Areas as a result 
of economic, social and demographic changes after 
political transition in 1989.

Many researchers refers to second demograph-
ic transitions and mentions the factors influencing 
population growth in the urban areas - especially in 
cores: fertility decline, non-family households, aging 
of population (Rèrat 2012, Sobotka 2008, Lesthae-
ghe 2010). Despite of migration of population, sub-
urban areas record population growth from natural 
growth (Kurek et al. 2014). The procreative inten-
tions of the new suburbanites may have a significant 
influence on suburban fertility rates and it is wide-
ly known that suburban areas record higher fertili-
ty levels than urban centres (Kulu and Boyle 2009, 
Kulu et al. 2009, Kulu and Washbrook 2014).

In Poland previous studies indicated dispari-
ties in population processes like dynamics of pop-
ulation growth, population ageing and different 
values of natural increase and variation of migra-
tion trends associated with the process of subur-
banisation. Metropolitan areas are characterized 
by population concentration and positive popula-
tion growth against peripheral areas experiencing 
population ageing and shrinking. Changes in fertil-
ity patterns and household formation described by 
the concept of second demographic transition also 
has been taking place leading to advanced popu-
lation ageing  (Kurek 2011a, Kurek 2011 b, Kurek, 
Lange 2013, Kurek et al 2014, Walford, Kurek 2016, 
Śleszyński et al 2018). There are also differences be-
tween cores and external zones of Functional Ur-
ban Areas being the result of suburbanisation and 
to some extent, reurbanisation processes (Śleszyński 
2013, Kurek et al 2020). This article contributes to 
research on clustering and dispersion between units 
under study on the background of ongoing process-
es. The main novelty in this study is the application 
of GIS spatial grouping techniques into demograph-
ic processes in Functional Urban Areas in Poland.
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The aim of this paper is to investigate whether 
demographic processes in the cores and peripheral 
areas of FUA's follow a similar pattern and wheth-
er these similarities are evident for the same rank 
of FUA's and for FUA's lying in close proximity (in 
the same regions). At the background of this study 
lies an assumption that population development of 
FUA’s is shaped by different factors connected with 
second demographic transition and migrations. To 
achieve the aims selected demographic characteris-
tics were used: population growth rate, dependen-
cy ratio, rate of natural increase, the net migration 
rate, and the dynamic economic ageing index, to 
find out if these indicators take similar or oppo-
site values within FUA's; in which types of FUA's 
there are similarities and in which there are none 
between cores and peripheral zones; and whether 
FUA's showing similarities between cores and pe-
riphery and those not showing such similarities 
show visible regularities in spatial distribution. The 
spatial dependencies occurring in Functional Urban 
Areas in Poland in terms of selected demographic 
variables will be identified using spatial autocorre-
lation methods (global and local). The analysis was 
carried out for two time periods (2005 and 2016), 
i.e. one year after Poland's accession to the EU, 
and recent available data. The methodology of the 
study is not new, but it was used for the first time 
to study spatial diversification of Functional Urban 
Areas in Poland. Exploring FUA’s demographic di-
versity through this set of indicators and with the 
help of geostatistics techniques is crucial in order 
to identify spatial patterns and understand demo-
graphic disparities.

2. Study area

The FUAs in this article were defined by Śleszyński 
(2013), the Act on Planning and Spatial Manage-
ment and the Concept of National Spatial Planning 
2030. The 151 areas, of which 134 were individual 
towns or cities and 17 were aggregates (either urban 
agglomerations or conurbations) (Fig. 1). The FUAs 
identified in Poland covered an area of 81,700 km2 

(including 11,300 km2 of cores, i.e. 13.8%) and had 
a population of 25.1 million (including 18.3 mil-
lion or 73.0% in the cores). The FUAs comprised 

1,148 administrative units (including urban or ru-
ral municipalities and the urban and rural portions 
of urban-rural municipalities). Of this number 222 
towns and cities constituted the cores and 166 were 
included in the external areas.

3. Data and methods

3.1. Data 

The study based on data on the population derived 
from the Current Population Records of the Pol-
ish Central Statistical Office (CSO), which are not 
published. We used data on size, age composition, 
natural increase, migration of population in FUAs 
in Poland. 

Since natural and migration movement have the 
nature of vital events, and thus may demonstrate 
considerable chance variability in small administra-
tive units in individual years, it is assumed that they 
will be analysed on the basis of the average values 
of the above ratios for three consecutive years in re-
lation to the population for the middle year. It has 
been confirmed through tests that this significantly 
reduces the randomness of data (Yusuf et al. 2014).

The choice of the subperiods was not accidental. 
The starting point is 2005, which was the second 
year of Poland’s membership of the European Un-
ion, which meant an improved economic situation 
for the country, an increase in building develop-
ment activity, suburbanisation and a growing pop-
ularity of mortgage loans. Meanwhile, the year 2016 
is illustrative of the most recent situation and the 
earliest years following the economic crisis, which 
began in Poland at the end of 2008 (Karasavvoglou 
& Polychronidou 2014). 

3.2. Methods of spatial autocorrelation

Increase in the availability of geographic informa-
tion systems has implemented developing better 
methods to study demographic processes across 
space. Global spatial autocorrelation is deter-
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Fig. 1. Functional Urban Areas in Poland
Source: own study based on Śleszyński (2013).
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mined by means of Global Moran’s I Index (Janc 
2006, Woźniak & Sikora 2007, Pośpiech & Mast-
alerz-Kodzis 2015). In order to construct it, use is 
made of a binary weight matrix that identifies the 
border with each neighbouring region. The signifi-
cance of the statistic in question is checked with a 
test where two opposing hypotheses about no spa-
tial autocorrelation (H0) and about the existence 
of spatial autocorrelation on the existence thereof 
(H1) are verified. In the test, ZI is the test statis-
tic which has distribution N (0.1). Values of the ZI 
statistic equal to zero mean no spatial autocorrela-
tion (random distribution of the values of the vari-
able between individual locations), a positive value 
means positive autocorrelation, that is, the presence 
of clustered values (spatial clusters), while a nega-
tive value denotes negative autocorrelation (neigh-
bouring high and low values). The significance of 
the values obtained can be estimated on the basis 
of the p-value. With a significance level of 0.05, it is 
assumed that positive values of the I statistic are sig-
nificant when the p-value is lower than 0.05, while 
negative values of this statistic are significant when 
the p-value is greater than 0.95.

In order to identify spatial systems, i.e. to de-
termine whether a region is surrounded by neigh-
bours with high or low values of the variable of 
interest, use can be made of the Local Indicators 
of Spatial Association (LISA) proposed by Anse-
lin (1995). One of these is the Local Moran statis-
tic, which can be used for identifying clusters with 
high or low values of the variable under study and 
indicates atypical locations (i.e. “outliers”). It is as-
sumed that a significant positive value of Local Mo-
ran’s I for a given area means that it is surrounded 
by areas with similar values of the respective feature 
(spatial clusters are formed, Kołodziejczak & Kos-
sowski 2016). By contrast, a significant negative val-
ue of Local Moran’s I for a given area means that it 
is surrounded by areas with different values of the 
same feature (it is an “outlier”).

As a result of the analysis, one of the following 
solutions for each spatial unit can be obtained:

1. A high value unit with neighbours having a 
similar value (hot spot)

2. A low value unit with neighbours having a 
similar value (cold spot)

3. A high value unit with low-value neighbours 
– potential outlier

4. A low value unit with high-value neighbours 
– potential outlier

5. A unit with no statistically significant local 
autocorrelation

Another example of a local statistic is the Get-
is-Ord Gi* statistics (Getis & Ord 1992, Getis 2008). 
The results of the general Getis-Ord Gi* statistics 
show whether there are clusters with high or low 
values (so-called hot spots and cold spots). The Ge-
tis-Ord Gi* statistics can be used for detecting local 
concentrations of high and low values in neigh-
bouring areas and investigating the statistical sig-
nificance of this dependence.

Spatial autocorrelation methods have been wide-
ly used  in research to determine the groupings that 
can be found in the area under analysis, including 
investigation of demographic processes (Oliveau, 
Guilmoto 2005, Matthews, Parker 2013, Lloyd 2014, 
Raymenr et al 2018, Sanchez-Martin et al, 2019).  
The Global Moran statistics, the cluster and outli-
er analysis (based on Anselin local Moran’s I) and 
the hot spot analysis (based on Gi* de Getis-Ord) 
have been selected as they are widely documented 
in relevant literature (e.g  Serván-Mori 2019 , Gosh, 
Cartone 2020).

4. Results

4.1. Global Moran statistics analysis

When analysing the results in Table 1, it can be 
seen that all the statistics are statistically significant 
throughout the entire study period. Thus, it can 
be concluded that there is a spatial autocorrelation 
(moderate or weak) in the case of the variables test-
ed, which means that areas with similar values clus-
ter up within the respective locations. The greatest 
spatial autocorrelation has been found for rate of 
natural increase, which is indicative of regional dif-
ferences in fertility and mortality rates. The cluster-
ing of areas with similar values of rate of natural 
increase can be attributed to the prevailing family 
model (e.g. a traditionally high birth rate), the oc-
currence of SDT processes, which may be diffuse in 
nature (e.g. assimilation of patterns of low fertility 
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rate), similarities in population age structure, etc. 
By contrast, the greatest dispersion in 2016 is seen 
for the net migration rate (negative Moran index 
values). This stems from the differences in popu-
lation movements between the core city and sub-
urban areas (a negative net migration rate in cities 
and an increase in the net migration rate in the out-
er zones of FUAs). A moderate negative correlation 
was seen for the dynamic ageing index in the first 
period under investigation (1990-2005). It was a pe-
riod of fast population ageing in cities compared 
to the surrounding areas. In the next period ana-
lysed, the correlation coefficient decreased  and the 
disparities between the cities and their fringes in 
terms of population ageing dynamics disappeared. 
A low correlation (a positive one in 2005 and a 
negative one in 2016) was displayed by the feature 
which represents demographic ageing (elderly de-
pendency ratio), as well as for changes in the size 
of population (population growth rate). Consider-
ing the changes between 2005 and 2016, it should 
be pointed out that a relative increase in the corre-
lation coefficient was recorded for natural increase, 
the decrease of negative correlation was noticed in 
case of the net migration rate while in the case of  
population growth rate  and the elderly dependency 
ratio, the spatial correlation was reversed from pos-
itive to negative  and in the case of dynamic ageing 
index – from negative to positive  (Table 1).

The analysis presented below relies on local spa-
tial autocorrelation statistics, namely Local Moran’s 
I and Getis-Ord Gi*.

Measures POP_90_05 POP_05_16 NIR_2005 NIR_2016 NMR_2005 NMR_2016 EDR_2005 EDR_2016 DAI_9005 DAI_0516 

Moran's 
index 0,0994 -0,0943 0,3102 0,3366 -0,2179 -0,1928 0,0925 -0,0947 -

0,2699 0,0995 

z-score 2,5295 -2,2471 7,7582 8,3999 -5,2953 -4,6708 2,6317 -2,2503 -
6,5447 2,5405 

p-value 0,0114 0,0246 0,0000 0,0000 0,0000 0,0000 0,0085 0,0244 0,0000 0,0111 

 

Table 1. Global Moran Statistics for variables

Source: own elaboration with the use of data from Central Statistical Office in Warsaw
POP_90_05 – population growth in 1990-2005; POP_05_16 ¬  population growth in 2005-2016
NIR_2005 – natural increase rate in 2005; NIR_2016 – natural increase rate in 2016
NMR_2005 – net migration rate in 2005; NMR_2016 – net migration rate in 2016
EDR_2005 – elderly dependency ratio in 2005; EDR_2016 – elderly dependency ratio in 2016
DAI_9005 – dynamic ageing index in 1990-2005; DAI_0516 – dynamic ageing index in 2005-2016

4.2. Local spatial autocorrelation statistics 
analysis

The values of the local Moran statistic are pre-
sented in the following figures. In order to deter-
mine whether the period 2005-2016 saw changes 
in the spatial features of the variables under study, 
a graphic is presented for the two extreme years 
of this period. In the case of the dynamic indica-
tors (population growth rate and economic ageing 
index), two sub-periods were taken into account: 
1990-2005 and 2005-2016. For the population 
growth rate, in the years 1990-2005, a cluster with 
high values of the variable (HH) was observed in 
the Warsaw FUA (Fig. 2). The most conspicuous 
clusters of low values of the rate (LL) comprise 
the Katowice FUA and FUAs located in the Sude-
tes. The FUAs located in the suburban area of Łódź 
(the 3rd largest city in Poland, formerly a centre of 
the textile industry, increasingly affected by a popu-
lation decline from the beginning of the socio-eco-
nomic transformation) form the clearest example 
of an outlier. A far greater diversity of clusters is 
demonstrated by the local Getis-Ord Gi* statistic, 
which takes into account various confidence inter-
vals. Clusters with high population dynamics (hot 
spots) are located in the area of the Wielkopolsk-
ie, Kujawsko-Pomorskie, Pomorskie and partly the 
Mazowieckie (Warsaw FUA) Voivodships. By con-
trast, clusters with low population dynamics (de-
population) comprise FUAs located in the area of 
the former Upper Silesian Industrial District (hard 
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Fig. 2. Anselin Local Moran’s I statistics for population growth in the years 1990-2005
Source: own study on the basis of data from Central Statistical Office in Warsaw.

Fig. 3. Getis-Ord Gi* statistics for population growth in the years 1990-2005 
Source: own study on the basis of data from Central Statistical Office in Warsaw.
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coal mining), the Opolskie Voivodship, and the Su-
deten region (Fig. 3).
As regards population dynamics, the years 2005–
2016 saw an increase in the number of clusters and 
a change in their spatial distribution. A high-high 
(HH) cluster was no longer observed, but there 
was an increase in the number and range of clus-
ters with outliers (HL), which comprised the out-
er zones of FUAs of various sizes located in the 
voivodships that underwent depopulation. Their 
occurrence was associated with large differenc-
es in the population dynamics between commut-
ing zones, which were undergoing suburbanisation 
processes, and the demographically shrinking cores 
of some FUAs. The reverse situation occurred in the 
case of clusters of the low-high (LH) type, which 
were observable in areas characterised by total pop-
ulation growth and which comprised the cores of 
FUAs. They mainly concentrated in the areas of the 
Wielkopolskie, Kujawsko-Pomorskie, and Pomorsk-
ie Voivodships (Tricity). Clusters with low values of 
population growth rate surrounded by other units 
with low values (LL) increased their range in rela-

tion to the previous study period, comprising not 
only FUAs in south-western Poland, but also some 
areas of the Świętokrzyskie Voivodship (former ar-
eas of the Old Polish Industrial District) and the 
Łódzkie Voivodship (Fig. 4). A similar spatial distri-
bution of hot spots and cold spots is revealed by the 
Getis-Ord Gi* analysis, with a high concentration of 
high-value FUAs with the most conservative confi-
dence interval (99%) in northern Poland, namely in 
the area of the Pomorskie Voivodship. They are ar-
eas also characterised by a high rate of natural in-
crease, and in the case of the commuting zones of 
FUAs – by a high net migration rate (Fig. 5).
Natural growth rate clusters of the HH type con-
centrate in the northern part of the country, mainly 
in the area of the Pomorskie Voivodship. A clus-
ter with high values surrounded by low values of 
natural increase is located in the commuting zone 
of Wroclaw (a city with a population of more than 
500,000). By contrast, low-high (LH) outliers were 
found in the cores of large FUAs (those of Poznań, 
Bydgoszcz and Gdańsk). In a similar manner to the 
population growth rate, clusters with low values of 

Fig. 4. Anselin Local Moran’s I statistics for population growth in the years 2005-2016 
Source: own study on the basis of data from Central Statistical Office in Warsaw.
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Fig. 5. Getis-Ord Gi* statistics for population growth in the years 2005-2016 
Source: own study on the basis of data from Central Statistical Office in Warsaw.

Fig. 5. Anselin Local Moran’s I statistics for natural increase rate in 2005
Source: own study on the basis of data from Central Statistical Office in Warsaw.
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rate of natural increase surrounded by units with 
similar values were found in the Upper and Lower 
Silesia regions, comprising former hard coal min-
ing areas, in the Łódź region (former textile cen-
tre) and in the Kamienna river valley (former Old 
Polish Industrial District with a predominance of 
metallurgy and machinery industries; Fig. 6). The 
Getis-Ord Gi* analysis shows the hot spots and cold 
spots of natural increase in a clearer way. FUAs lo-
cated in the Pomorskie, Warmińsko-Mazurskie, Ku-
jawsko-Pomorskie, Wielkopolskie and partly in the 
Małopolskie Voivodships formed clusters with high 
values of rate of natural increase, while the areas of 
the Łódzkie, Podlaskie, Śląskie, Opolskie and Dol-
nośląskie Voivodships (especially the Sudeten re-
gion) formed clusters with low values of the feature 
concerned (Fig. 7).

When comparing local Moran’s I calculated 
for the rate of natural increase for 2005 and 2016, 
there is an observable increase in the range of HH 
clusters, which, in addition to comprising the Po-
morskie Voivodeship, also came to cover FUAs lo-
cated in the Wielkopolskie Voivodship (including 
Poznań – the region’s capital). On the other hand, 

Fig. 7. Getis-Ord Gi* statistics for natural increase rate in 2005 
Source: own study on the basis of data from Central Statistical Office in Warsaw.

clusters with low values of the feature concerned 
(LL) shrank, and their range ceased to include ar-
eas located in the Upper Silesian-Zagłębie Metrop-
olis, where heavy industry and hard coal mining 
are no longer the dominant sectors of the econo-
my (Fig. 8). This area as a whole no longer rep-
resents such negative demographic processes as 
depopulation, natural population decrease, migra-
tion, and population ageing. In post-industrial areas 
which developed higher-order services, the demo-
graphic situation diversified and suburbanisation 
processes, including internal suburbanisation, de-
veloped (Spórna 2018, Krzysztofik et al. 2017). As 
revealed by the Getis-Ord Gi* statistic, the pattern 
of hot spots and cold spots in both periods did not 
change significantly (Fig. 9).

As regards the net migration rate, based on the 
local Moran statistic for 2005, the greatest number 
of clusters were observed in the commuting zones of 
medium-sized FUAs, and they were high-low (HL) 
clusters. The clusters testify to far-reaching subur-
banisation processes and differences in net migra-
tion between the cores of FUAs and their fringes. 
Currently, suburbanisation is the most advanced 



Sławomir Kurek, Mirosław Wójtowicz, Jadwiga Gałka / Bulletin of Geography. Socio-economic Series / 52 (2021): 123–144 133

Fig. 8. Anselin Local Moran’s I statistics for natural increase rate in 2016
Source: own study on the basis of data from Central Statistical Office in Warsaw.

Fig. 9. Getis-Ord Gi* statistics for natural increase rate in 2016 
Source: own study on the basis of data from Central Statistical Office in Warsaw.
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in medium-sized centres (with up to 100,000 in-
habitants) since the cores of the largest cities are 
also attractive for people coming from the outside. 
Therefore, these largest FUAs do not form clusters, 
and the differences for the net migration rate are 
statistically insignificant. Some large FUAs are con-
centrated in clusters of the LH type (e.g. Gdańsk, 
Poznań, Bydgoszcz, and Toruń). In 2016, an in-
crease in the number of HL clusters and a decrease 
in the number of LH clusters were observed. Fur-
thermore, high-high (HH) clusters appeared in the 
core of Wrocław and the Tri-City, which is indic-
ative of high values of the balance of migration 
both to the cores and commuting zones. The Ge-
tis-Ord Gi* statistic shows a concentration of hot 
spots in the northern part of the country, in the 
area with favourable demographic trends (in the 
Pomorskie and Kujawsko-Pomorskie Voivodships). 
In 2016, the number of hot spot clusters decreased, 
but they occurred in three voivodships, including 
also some FUAs in the Wielkopolskie Voivodship. 

On the other hand, in the years 2005-2016 there 
was an increase in the number of cold spots in the 
Świętokrzyskie Voivodship (Kielce – the capital of 
the region and the former industrial district in the 
Kamienna River valley), and in the Podkarpackie 
Voivodship in south-eastern Poland (Fig. 10–13).

The elderly dependency ratio shows the rela-
tionship between elderly people and the workforce. 
Clusters of units with high values of this indicator 
surrounded by units with similar values in 2005 
(HH) were concentrated in several formerly indus-
trial FUAs (Łódź, Kamienna River valley, the Sudet-
en region) and in a peripheral FUA in north-eastern 
Poland (Podlaskie Voivodship). In addition, sever-
al HL clusters were also identified, mainly in the 
cores of large cities (Tri-City, Szczecin, Poznań, By-
dgoszcz). LL clusters were found in 5 provinces. 
Several LH clusters were identified in the Podlask-
ie Voivodship, where the cores of relatively smaller 
FUAs with low values of the ratio were surround-
ed by outer zones characterised by advanced ageing 

Fig. 10. Anselin Local Moran’s I statistics for net migration rate in 2005
Source: own study on the basis of data from Central Statistical Office in Warsaw.
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Fig. 11. Getis-Ord Gi* statistics for net migration rate in 2005 
Source: own study on the basis of data from Central Statistical Office in Warsaw.

Fig. 12. Anselin Local Moran’s I statistics for net migration rate in 2016
Source: own study on the basis of data from Central Statistical Office in Warsaw.
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Fig. 13. Getis-Ord Gi* statistics for net migration rate in 2016 
Source: own study on the basis of data from Central Statistical Office in Warsaw.

Fig. 14. Anselin Local Moran’s I statistics for elderly dependency ratio in 2005
Source: own study on the basis of data from Central Statistical Office in Warsaw.
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Fig. 15. Getis-Ord Gi* statistics for elderly dependency ratio in 2005 
Source: own study on the basis of data from Central Statistical Office in Warsaw.

Fig. 16. Anselin Local Moran’s I statistics for elderly dependency ratio in 2016
Source: own study on the basis of data from Central Statistical Office in Warsaw.
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processes. In 2016, there was an expansion main-
ly affecting the range of LH clusters which com-
prised parts of the Sudeten Mountains and areas of 
the Świętokrzyskie and Łódzkie Voivodships, where 
low values were recorded in the commuting zones, 
while the cores were characterised by a greater el-
derly dependency ratio (Fig. 14, 16).

The Getis-Ord Gi* analysis reveals a noticea-
ble split into north-western Poland, which is typ-
ically younger in demographic terms, and central, 
eastern and south-western Poland. In 2016, the 
range of cold spots with relatively younger popula-
tions shrank to northern Poland (Warmińsko-Ma-
zurskie and Pomorskie Voivodships), while clusters 
with a high dependency ratio were mainly found in 
south-western Poland (Fig. 15 & 17).

Based on the population ageing dynamics in 
1990-2005, it can be seen that sporadic HH clus-
ters were found in north-western and south-west-
ern Poland (Zachodniopomorskie and Dolnośląskie 
Voivodships). Areas considered previously to be 
younger demographically, started to age intensive-

ly in the period of socio-economic transforma-
tion. An increase in the economic ageing index 
also took place in the eastern part of the country, 
but it was seen in the cores of smaller FUAs sur-
rounded by areas with poor dynamics of the pro-
cess being examined (HL outliers). By contrast, LH 
outliers were mainly located in the south-western 
part of the country (Fig. 18). A completely differ-
ent spatial pattern was observed in the next period 
under investigation, namely 2005-2016. A low-low 
cluster (LL) was clearly noticeable in the largest 
FUAs (Warsaw, Łódź, Poznań, and Wrocław). As a 
result of the processes of suburbanisation, as well 
as of reurbanisation, which were most pronounced 
in large agglomerations, there was a decline in the 
rate of ageing. A growth of recentralisation pro-
cesses is observed in the cores of the largest ag-
glomerations in Western Europe (Haase et al. 2005, 
Kabisch and Haase 2011) and is associated with 
their attracting young, qualified professionals (yup-
pification), as well as students, to university cities 
(studentification). The processes of suburbanisation 

Fig. 17. Getis-Ord Gi* statistics for elderly dependency ratio in 2016 
Source: own study on the basis of data from Central Statistical Office in Warsaw.
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Fig. 18. Anselin Local Moran’s I statistics for dynamic ageing index in1990-2005
Source: own study on the basis of data from Central Statistical Office in Warsaw.

Fig. 19. Getis-Ord Gi* statistics for dynamic ageing index in 1990-2005
Source: own study on the basis of data from Central Statistical Office in Warsaw.
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Fig. 21. Getis-Ord Gi* statistics for dynamic ageing index in 1990-2005
Source: own study on the basis of data from Central Statistical Office in Warsaw.

Fig. 20. Anselin Local Moran’s I statistics for dynamic ageing index in 2005-2016
Source: own study on the basis of data from Central Statistical Office in Warsaw.
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and reurbanisation can now occur simultaneously, 
disrupting the traditional urban development cycle 
as described by van den Berg (van den Berg et al., 
1982). HH clusters were also observed in the case 
of smaller peripherally-located FUAs (as in the case 
of LH clusters; Fig. 20).

Interesting changes were also revealed by the Ge-
tis-Ord Gi* analysis. In the period 1990-2005, hot 
spots with high dynamics of population ageing were 
located in the voivodships of western Poland, while 
cold spots, which indicated a slowdown of this pro-
cess, were observed in the Podlaskie Voivodship 
(north-western part of the country; Fig. 19). In the 
period 2005-2016, the spatial clusters with the high-
est ageing dynamics were identified in north-eastern 
and south-eastern Poland (i.e. where the econom-
ic ageing index had been low) and in Upper Silesia, 
where in-migration in the post-industrial areas had 
stopped. On the other hand, cold spots indicative of 
clusters with a low economic ageing index were lo-
cated in the capital city region, in the Wielkopolsk-
ie Voivodship (including the Poznań FUA), as well 
as in the Dolnośląskie Voivodship (south-western 
Poland; Fig. 21).

5. Discussion and conclusions

Our findings implied that demographic processes 
in Functional Urban Areas in Poland, namely pop-
ulation growth, natural increase, net migration and 
population ageing showed spatial autocorrelation 
both globally and locally. This means that there are 
spatial dependencies in relation to the whole area 
(FUA's in total) and in relation to adjacent loca-
tions. The spatial autocorrelation methods (global 
and local Moran’s I statistic, and the Getis-Ord Gi* 
method) identified the global and local spatial rela-
tionships for existing functional urban areas (FUAs) 
representing different demographic variables. The 
methods identified units with similar values (hot 
spots and cold spots), as well as outliers, i.e. units 
surrounded by FUAs (or their cores or outer zones) 
with different values. The Global Moran’s statistics 
showed that all demographic indicators (including 
population growth, natural increase, net migration 
rate as well as dependency ratios and dynamic age-
ing indexes) were statistically significant throughout 

the entire study period (2005-2016) and revealed 
(moderate or weak) spatial autocorrelation in the 
case of the variables tested. Positive autocorrelation 
in both time periods was recorded only in case of 
natural increase rate while negative autocorrelation 
occurred both in 2005 and 2016 in case of natural 
migration rate. A positive character of natural in-
crease rate means that there is a tendency to clus-
ter municipalities with a similar indicator. Natural 
increase and fertility patterns are usually associated 
with cultural background and more spatial clusters 
with similar values may appear.

Migration rates, on the other hand, are more dif-
ferentiated, especially between urban and rural ar-
eas as well as within metropolitan areas (between 
the core and the fringes) as a result of suburbanisa-
tion. In the whole period under study a relative in-
crease in the correlation coefficient was recorded for 
natural increase (positive values), while the net mi-
gration recorded weakening of the negative spatial 
correlation. On the other hand, population growth 
rate and elderly dependency ratio changed its cor-
relation from positive to negative, that is more dis-
parities occurred in their spatial layout. Dynamic 
ageing index recorded the change from negative to 
positive values. It means that changes in the shares 
of young and old population are more spatially con-
centrated that they used to be before. 

An analysis of local spatial autocorrelation 
statistics revealed a division into northern and 
north-western Poland, which is characterised by 
more favourable demographic trends (both in terms 
of overall population dynamics and its components, 
i.e. rate of natural increase and net migration rate) 
and eastern and south-western Poland, which is af-
fected by negative demographic processes (popula-
tion ageing, depopulation). In addition, there was a 
discernible split into cores and outer zones result-
ing from suburbanisation, and even reurbanisation, 
which is observable in the largest conurbations.

Comparing two main components of total pop-
ulation growth it must be said that functional ur-
ban areas by natural increase rate show much more 
tendency to clustering than by net migration rates. 
Migration rates are much more diversified, especial-
ly between the cores and fringes which results from 
population decentralization from the central cities 
to the adjacent areas. A high degree of dissimilarity 
is shown by elderly dependency rations which re-
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sults from differences in the level of population age-
ing between urban, suburban and rural areas. 

The study showed that spatial autocorrelation 
methods can be useful in an analysis of demograph-
ic variables including changes in time. Using both 
local methods (the hot spot analysis and cluster and 
outlier analysis) can be complementary as the for-
mer can establish two groups with a different level 
of confidence while the latter allows to detect both 
groupings and the areas where anomalies exist. Al-
though there were a couple of research papers about 
spatial autocorrelation of socio-demographic vari-
ables in Poland (e.g. Zeug-Żebro 2014, Pośpiech, 
Mastalerz-Kodzis 2015, Walford, Kurek 2016, Miśk-
iewicz-Nawrocka, Zeug-Żebro 2017, Majdzińska 
2018), none of them concerned Functional Urban 
Areas by municipalities. Especially, spatial autocor-
relation methods can be useful in analysis of spatial 
clusters of areas undergoing second demographic 
transition, urban development (e.g. suburbanisation 
process) or demographic shrinkage areas (Segers et 
al 2020). Spatial autocorrelation can also serve as 
a tool of delimitation of continuity of the spatial 
urban landscape leading to delineate of functional 
economic zones of urban agglomeration based on 
functional interconnectivity or demographic homo-
geneity (Chuanglin & Danlin 2017).

This research has some limitations due to the 
fact that areas that are not significant span a vast 
zone stemming from the few number of neighbours 
in some cases as some FUAs are separated by ru-
ral areas which were not taken into account.  On 
the other hand, difficulties in making homogenous 
groupings may be due to heterogeneous  nature of 
variables under study and different factors may con-
tribute to spatial clustering.

The main contribution of this study to the re-
search on demographic processes in urban areas 
was an application of spatial groupings techniques 
not only to find out similarity and dissimilarity 
patterns of demographic indicators but also to ap-
ply this findings for the needs of spatial planning. 
Methods of spatial statistics can therefore support 
the identification of areas that are characterized by 
similar or different values of the studied variables, 
which allows monitoring and spatial planning of the 
Functional Urban Areas.
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