Geographia Polonica
Volume 87, Issue 1, pp. 61-75
http://dx.doi.org/10.7163/GPol.2014.4

GEOGRAPHIA
POLONICA

INSTITUTE OF GEOGRAPHY AND SPATIAL ORGANIZATION
POLISH ACADEMY OF SCIENCES
www.igipz.pan.pl

www.geographiapolonica.pl

DISTRIBUTION OF POPULATION DENSITY
IN POLISH TOWNS AND CITIES'

Przemystaw Sleszynski

Institute of Geography and Spatial Organization
Polish Academy of Sciences

Twarda 51/55, 00-818 Warsaw: Poland

e-mail: psleszyn@twarda.pan.pl

Abstract

This article presents an analysis of the population-density distributions present in 147 Polish towns and cities of
30,000 inhabitants or more, as of 2002. The determination of these distributions was by reference to concentric
rings 1 km across, with numbers of inhabitants being determined on the basis of aggregate data for 14,000 sta-
tistical districts, the numbers per centre ranging from 16 in the case of tukéw to 1346 in Warsaw. The districts
in question cover a total area of 9800 km? and account overall for some 16.8 million inhabitants of Poland. This
makes this the most exhaustive analysis of population-density distributions ever carried out for the country. The
results of the analyses point to the widespread presence of function-related distributions of population density
in the largest Polish cities, albeit irrespective of their size as referred to more precisely. A clear majority (88%)
of centres are characterised by a distribution model in line with either the exponential or power functions, or
derivatives. The ‘crater effect” indicative of depopulation in city centres is met with only rarely, in just a very few
towns and cities, this perhaps reflecting the relative youthfulness of Poland’s urban areas.
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Introduction

The issue of the distribution and evolution
of population configurations is one of those
raised more regularly in the fields or urban
geography and economics. In this regard, the
most important of the regularities revealed
and described is the distribution of popula-

tion density in relation to distance from the
centre. This distribution is non-uniform, but
nevertheless mostly regular, and describable
with the aid of different types of function,

! This article is a slightly modified version of the
one published in Polish by the £6dZ University Press
(Sleszynski 2011).
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most especially exponential and logarithmic
functions (Fig. 1).

Mentioned above all as a classic study
within the body of relevant literature is that
by Clark (1951), who pioneered research into
the population-density profiles of towns and
cities as set against distances from their cen-
tres, these being defined as centres of gravity
where functional structure is concerned (as
for example from the points of view of trans-
port, business or whatever). Other, modified
methods were as proposed by Korzybski
(1954) and Medvedkov (1963), though these
have not gained any more greater renown
away from just a small handful of countries
(Poland among them). In general, work on
population-density profiles, and more gener-
ally on population configurations in urbanised
areas, is relatively plentiful, and has been
concerned with countries of various different
specifics from the socioeconomic and cultural
points of view (see reference list). In line with
methodological development, there has also
arisen a concept whereby changes in popu-
lation density are set in the broader context
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of the development of urban areas (Korcelli
1969, Mydel & Ishimizu 1985). The concept
has recently been invoked in the case of
Poland by Stepniak (2012), the author reveal-
ing regularities to temporal/spatial phases
in the concentration and deconcentration of
housing construction in Warsaw between the
end of the Second World War and today.
Early research into the towns and cities of
Poland was done on the basis of a limited sta-
tistical base, hence a relatively limited degree
of accuracy, though not one insufficient for
certain of the most fundamental regularities
to be identified (Bromek 1954). In contrast,
the first more advanced and detailed analy-
sis was that carried out by Kostrubiec (1970).
In that work - whose subject was the Warsaw
agglomeration - the method of the aforemen-
tioned Korzybski (1954) which was applied
entailed the designation of the density profile,
not from the centre of the functional configu-
ration, but ‘outward” from the place in which
the population density was highest. Density
of population itself was determined to be an
excellent exponent measuring the density of
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Figure 1. Classic functional forms assumed by population density profiles

Source: Martori and Surinach 2001.
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development of an urban centre, as well as as
a constant and stationary scalar field spread
across the relevant area. In the case of the cen-
tre of Warsaw, work on the population-density
distribution was later returned to by Lentz
(1975; a comparative study with North Ameri-
can cities), Klimaszewska-Budzynowska (1977)
and Sleszyriski (2002). Other large Polish cit-
ies also became subject to similar research in
the fullness of time, including Cracow (Mydel
1979) and Wroctaw (Miszewska 1995).

The development of technologies for the
gathering and processing of data currently
allows for research to make exhaustive use of
the databases concerning all of Poland’s larg-
est cities. However, a fundamental problem
for the researcher, also brought into sharp
relief in this study, is to explain whether within
these sets there are the repeatable regulari-
ties to the development of population-density
structures that have only been observed in
a few cases up to now. Establishing this fact
ought to be of importance when it comes to
a better and fuller recognition and under-
standing of spatial structures, and the evolu-
tion of population configurations.

It is thus possible to formulate the main
objectives of this study in line with questions
regarding:

« the nature of the spatial structure to popu-
lation density in the Polish towns and cities;
regularities that may be present where the
distribution of population is concerned;
the possibility or non-possibility of these
regularities relating to model configura-
tions;
possible linkage between the aforemen-
tioned regularities and town or city loca-
tions, demographic sizes or administrative
ranks.

The source data and
their processing

The methodology of the cartographic and
statistical analysis of diffuse phenomena and
their graphic presentation are among the
best-developed aspects of spatial studies.
One of the basic circumstances influencing

the precise calculation of population-density
profiles is the accessibility of detailed data-
bases concerned with the real distribution of
population. The work described here made
use of the base comprising the statistical dis-
tricts into which the towns and cities of Poland
with more than 30,000 people are divided, in
line with the situation at the time of the 2002
Census. 147 such towns and cities were iden-
tified, and together these represent almost all
of the more major regional, sub-regional and
local centres thus representing the basic skel-
eton supporting the overall settlement net-
work nationally. Together these centres extend
across some 14,000 of the aforementioned
statistical districts, with a total population of
9800 km? and some 16.8 million inhabitants.
In the devised base there were the greatest
numbers of districts falling within the area of
Warsaw (1346), and the fewest in tukéw (19).
2079 of the districts cover more than 1 km?,
while no fewer than 6353 have areas below
0.1 km? This is a level of detail making pos-
sible analysis of population-density profiles
accurate to the nearest 0.5-1 km.

The original base contained information
on numbers of permanent inhabitants (the
definition of a resident in the meaning of the
Census was presented in exhaustive detail
in the relevant methodological explanations,
GUS 2003). From the point of view of intra-
urban analyses, it is only worth noting that
the data in question do not take in all the peo-
ple who are truly resident, but do neverthe-
less offer a better qualitative and quantita-
tive representation of the circumstances than
do, for example, the register of residents kept
at district level, or the PESEL database of per-
sonal identification numbers, both of which
are based to some extent around the statis-
tics kept on registration and deregistration in
given localities.

It is worth noting that the differences
between distributions in respect of people
who are registered in a given area or else
actually living in them may be relatively large
in Poland, in line with the fact that the obliga-
tion to registeris not widely adhered to, all the
more so given regular rumours to the effect
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that the obligation will soon be lifted anyway.
Other research reports that the net impact
of the under- and overestimations arising out
of comparisons between addresses for the
purpose of correspondence and registration
in Warsaw is of +6.6%. This translates into
the Polish capital being resided in by some
113,000 people more than the official data
suggest (Sleszyriski 2011)2 Still other esti-
mates obtained using a quite distinct meth-
odology suggest that the Warsaw population
may be being underestimated to the tune
of some 220,000-250,000 people (Bijak et
al. 2007; Sleszynski 2012).

This ought not to have too great a signifi-
cance in regard to this particular study, since
even a 10% difference does not impact in
any more fundamental way upon the shapes
of curves modelling population-density pro-
files. It is further assumed that, even where
a given person does not necessarily reside at
the officially recognised address, the place of
that person will have been taken by someone
else, this therefore making good the statisti-
cal deficit. It is likewise worth stressing that
the census data made use of very much con-
firmed figures from ongoing registrations,
only being greater in the case of Warsaw by
around 70,000 people (Sleszynski 2005).

Bearing all this in mind, the basic informa-
tion regarding registered (official) population
density in towns, cities and statistical districts
is as follows:

« the typical density is of 1721 people per
km?, while the arithmetic mean for all sta-
tistical districts is 14,337 per km?, and the
median 10,222 people per km?;

« only 0.7% of the inhabitants of the towns
and cities analysed occupy statistical dis-
tricts with population densities below 100
people per km?, while there are 10.9%
residing at densities in the range 100-
1000, 34.3% at densities of between
1 and 10,000 and 54.2% at densities in
excess of 10,000 people per km?;

2 Moreover, in other selected towns and cities of
central Poland the values were: Radom (-0.4%), Ptock
(-0.2%) and Ostroteka (-1.7%).
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- analogous indicators calculated for the
administrative areas of towns and cities
are in turn: 22.3% by area with population
densities up to 100 people per km?, 54.3%
- 100-1000, 18.8% - 1-10,000 and 4.7%
over 10,000.

The central points of towns and cities were
designated for the purposes of the analy-
sis, these usually taking the form of a mar-
ket square, the junction between two main
streets, the centre of gravity of a transport
system, and so on. Use was thus made of
available up-to-date information, including of
a topographical nature. In the case of con-
glomerate cities it was the midpoint of the
larger centre that was designated. Data on
numbers of inhabitants in statistical districts
were then recalculated for zones of concen-
tration of radius 0.5 km, delineated outwards
from the centres of towns and cities (with
some analysis also making use of 1 km inter-
vals). The means of aggregation was in this
way proportional to the area of the statisti-
cal district found within the given concentra-
tion zone. This is something of a simplifica-
tion, since it is almost always the case that
a given statistical district - however small
a unit that may be - is not inhabited evenly
across its area. This is especially true of the
districts located in the external zones of cities
with an overall large share of green space,
including even farmland and forest. The low
values for numbers of inhabitants in these
areas - as compared with centres - should
not nevertheless be the cause of any more
major errors.

To meet the needs of the analysis, sev-
eral means of categorising towns and cities
were employed. In the first place, population-
density distributions were analysed with
respect to the numbers of inhabitants of the
given centre. The assumption proceeded
upon in this case was that a greater con-
centration of numbers of inhabitants should
be in a position to exert greater pressure as
regards investment and habitation, with the
result that the density of population rises fur-
ther. In the second place, use was made of
hierarchical categorisation of urban centres
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in Poland, related to administrative division
and position in settlement system. This cat-
egorisation gave rise to the following five
groups in respect of the 147 towns and cities
analysed:

A - the so-called MEGA (Metropolitan
European Growth Areas) group of 8 main
metropolitan centres (Warsaw, Szczecin,
Gdansk, Poznan, tdodz, Wroctaw, Katowice
and Cracow);

B - 14 regional centres (all the remain-
ing voivodship-level centres, plus Radom,
Czestochowa, Bielsko-Biata and Rybnik)?;

C - 29 more important sub-regional cen-
tres (cities that are simultaneously urban
poviats or were once capitals of voivodships
when there were 49 of these, as opposed to
the present 16);

D - 59 other sub-regional centres (other
towns outside agglomerations with more
than 30,000 inhabitants);

E - 36 towns and cities located within
mono- or polycentric agglomerations (i.a.
Gdynia, Sopot, Police, Sosnowiec, Gliwice,
Zabrze, Bytom, Zory, Mystowice, Legionowo,
Sopot and Swidnik).

Models for the distribution
of population density

Generalised distributions of population den-
sity for all of the towns and cities considered
are as presented in Figure 2. The match
obtained was with an exponential function,
for which the coefficient R? was of 0.925,
i.e. a high value. This therefore denotes an
answer in the affirmative for the question
regarding some overall regularity to the
distribution of population densities in Pol-
ish towns and cities. Moreover, as the figure
makes clear, it is typical for a distance some
3.0-3.5 km out from the centre to be associ-
ated with a change taken in the course of the
density profile. The distribution of points on

% According to certain Polish classifications, some
of the cities in this category are termed metropolises (as
especially in the cases of Lublin and Bydgoszcz-Torun)
- however, from the point of view of the subject of this
article this is of secondary importance.

the figure also points to characteristic blips
or jumps affecting the way densities change
at distances of 6.5, 9, 11 and 16 km. Between
these points, the curve takes the form of an
arc bent slightly downwards. It is hard to say
at this point whether this is a more general
regularity or merely a coincidence.

By breaking down the set of towns and
cities analysed into categories distinguished
in line with administrative and settlement-
related features (the hierarchy of this type),
it proves possible to uncover certain dispari-
ties (Fig. 3). What is generally observable is
that the level of match as compared with the
ideal course taken by curves is lower further
down the hierarchy in question. Given that
the categories lower down are ones that are
better represented, the scope to this non-
regularity would seem to be all the more
important. Overall, there is relatively the best
fit in regard to category A urban centres (i.e.
metropolitan centres), as well as the worst fit
in regard to towns of categories D (lesser sub-
regional centres) and E (towns within mono-
and polycentric agglomerations).
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Figure 2. Generalised population-density distri-
bution in 2002, for all 147 studied towns in
concentric zones delimited at 0.5 km intervals

Most of the cities assigned to the metro-
politan centres category are found to be char-
acterised by an exponential model for the
population-density distribution. There is par-
ticularly close agreement with this function in
the cases of Warsaw, Wroctaw and Gdansk.
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In contrast, in the case of Szczecin, the most
suitable model proved to be that based on
a power function. What is interesting is that it
is in this very city that the highest city-centre
population density is to be noted, in excess of
20,000 people per km?.
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Figure 3. Population-density distributions for the
five studied categories of urban centre (A-E)
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Figure 4. Distribution of population density
in the cases of 8 metropolitan centres (MEGA)
as of 2002. SZC - Szczecin, LOD - t6dz, WAR
- Warsaw, WRO - Wroctaw, KAT - Katowice, KRA
- Cracow, GDA - Gdarnsk, POZ - Poznan

Where the regional cities are concerned
most of the population-density distributions
relate to the exponential or power models.
What was characteristic in this respect was
the rapid decline in density with successively
greater distances from centres. However, in
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the cases of some urban centres there were
marked departures from a steady fall in the
outward direction. For example, Bydgoszcz
had a distinct increase in the density of popu-
lation around 11-12 km out from the centre
- up to a value of around 3000 people per
km?. This reflects the presence of a concen-
tration of housing estates in Fordon district.

In general, regional cities are character-
ised by lower values for population density.
The level of 10,000 people per km? in central-
ly-located rings is only found to be exceeded
in Torun, Biatystok and Radom.
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Figure 5. Population-density distributions for cit-
ies selected from among the 14 regional centres
as of 2020. BIA - Biatystok, OPO - Opole, ZGO
- Zielona Géra, BYD - Bydgoszcz, BBI - Bielsko-
-Biata

The more important regional centres were
characterised by lower values for population
density, and an even more marked fall-off in
these with distance from the centre. The high-
est population densities (above 10,000 peo-
ple per km?) were to be noted in Konin, Ptock
and Legnica, while somewhat lower values (in
the range 9000-10,000 people per km?) char-
acterised Wrtoctawek, Stupsk and Ostroteka.
Beyond that, a feature here involved relative-
ly large shares being accounted for by irregu-
larities or anomalies in distribution visible in
the courses assumed by the density profiles.
This again reflects concentrations of large
post-War housing estates located in the outer
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zones of towns and cities as processes of
urbanisation and industrialisation continued.
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Figure 6. Population-density distributions for
towns and cities selected from among the 29
more important sub-regional centres as of 2002.
WLO - Whoctawek, TAR - Tarndw, JEL - Jelenia
Géra, WAL - Watbrzych, CIE - Ciechandw

In the smaller sub-regional centres,
a decline in population density was usually
found to arise at distances some 3 km from
the centre, the drop in question being from
around 5000-7000 people km? to a stabi-
lised 200-500 people in the concentric rings
located further out. In the case of these cen-
tres too, it was quite typical to note anoma-
lies - in the sense that values for population
density might actually be higher once again
in rings of the outer zone. Again, almost all
of these non-regular circumstances reflected
the locating of large-scale post-War housing
estate of residential blocks.

The last category to be distinguished
comprises towns located within very com-
plex settlement configurations (i.e. mono- or
polycentric agglomerations). These cases
were characterised by the most irregular den-
sity profiles, in which there might be marked
‘jumps’ in density with increased distance
from a centre. Such phenomena were par-
ticularly typical for the towns and cities in
the Upper Silesian (Katowice) conurbation,
in which the history of changes in the settle-
ment network and urban-planning configura-

tions is particularly complex. This is ultimately
a reflection of the fact that this region was
already quite densely populated by the Mid-
dle Ages, the ongoing urbanisation processes
tending to result in already-developed small-
er centres being absorbed into (incorporated
by) larger ones.
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Figure 7. Population-density distributions for
towns and cities selected from among the 60
sub-regional centres as of 2002. ELK - Etk, INO
- Inowroctaw, ZGO - Zgorzelec, NTA - Nowy
Targ, KRA - Krasnik
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Figure 8. Population-density distributions for towns
and cities selected from among the 36 located in
mono- or polycentric agglomerations as of 2002.
JZD - Jastrzebie-Zdroj, GDY - Gdynia, ZGl - Zgi-
erz, RSL - Ruda Slaska, BED - Bedzin, POL - Police
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Figure 9. A typology of Polish 147 towns and cities of over 30,000 inhabitants in regard to the nature
of the distribution and the matching function for the density profile noted in 2002. Given in parenthesis
are the numbers of incidences of each kind noted. Abbreviation:1 - Warsaw, 2 - tédz, 3 - Cracow,
4 - Wroctaw, 5 - Poznan, 6 - Gdansk, 7 - Szczecin, 8 - Bydgoszcz, 9 - Lublin, 10 - Katowice, 11 - Biaty-
stok, 12 - Gdynia, 13 - Czestochowa, 14 - Sosnowiec, 15 - Radom, 16 - Kielce, 17 - Torun, 18 - Gliwice,
19 - Zabrze, 20 - Bytom, 21 - Bielsko-Biata, 22 - Olsztyn, 23 - Rzeszdw, 24 - Ruda Slgska, 25 - Rybnik,
26 - Tychy, 27 - Dgbrowa Gérnicza, 28 - Watbrzych, 29 - Opole, 30 - Plock, 31 - Elblag, 32 - Gorzéw
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The classification of towns
and cities

A further stage in the analyses carried out
entailed the development of a typology for
towns and cities based on the course of popu-
lation-density distributions, as well as match-
ing functions. The classification procedure
used best-fits between given density profiles
and one or other of the curves. The results are
as mapped in Figure 9.

A clear majority of the urban centres
(almost 90%) were of a population-density
distribution type in which there was a marked
gradient entailing increased density of popu-
lation with ever-closer approach to the town-
or city-centre area. This was termed the
intensive increase type, and most cases of it
were found to constitute population-density
distributions in line with functions arising
out of exponential or power models. This
was true of more than 70% of the centres
assigned to this group, including Warsaw. As
is well-known, this kind of distribution is true
of urban centres at relatively early stages of
development. Otherwise these are centres
with a relatively long past, but ones in which
there are either constant natural increases
(reflecting migration) or maintained concen-
trations of population in the central areq,
notwithstanding trends towards deconcentra-

tion that may be operating. This explains the
presence within this category of both some
of Poland’s oldest urban centres (Cracow,
Sieradz, Ptock and Czestochowa), and some
centres that developed markedly after the
Second World War (Biatystok, Olsztyn, Konin
and Nowy Targ).

Withinthe category described it is further-
possible to identify a hyperintensive sub-type
(not indicated on the map, but taking in some
20 urban centres). In these, the increase in
values for population density towards the cen-
tres is particularly marked, sometimes even
5-8 times higher than in an adjacent concen-
tric ring (as in Konin, Ostroteka, §winoujs’cie,
Bielawa and Mikotéw). In most of these cases
the functions modelling the courses of the
population-density curves most effectively
were Harris or Hoerl functions.

The extensive increase type was identified
where the change in the population-density
gradient displayed direct proportionality,
and was therefore well modelled by means
of a linear function. There were 11 towns
of cities of this kind, including Legionowo,
Zyrardéw, Olkusz and Pabianice. A propor-
tional decrease in population density in line
with distance from a centre attests to a cer-
tain monotony to the forces shaping function-
al and spatial structure, both centrifugally
and centripetally. In the case of the latter this

-
%

Wielkopolski, 33 - Whoctawek, 34 - Tarndw, 35 - Zielona Géra, 36 - Chorzdw, 37 - Kalisz, 38 - Koszalin,
39 - Legnica, 40 - Grudzigdz, 41 - Stupsk, 42 - Jastrzebie-Zdrdj, 43 - Jaworzno, 44 - Jeleinia Géra,
45 - Nowy Sqcz, 46 - Konin, 47 - Piotrkéw Trybunalski, 48 - Lubin, 49 - Inowroctaw, 50 - Siedlce,
51 - Mystowice, 52 - Ostrowiec gwietokrzyski, 53 - Pita, 54 - Siemianowice Slgskie, 55 - Ostréw Wielko-
polski, 56 - Pabianice, 57 - Stargard Szczecinski, 58 - Gniezno, 59 - Gtogdw, 60 - Suwatki, 61 - Chetm,
62 - Przemysl, 63 - Tomaszéw Mazowiecki, 64 - Stalowa Wola, 65 - Zamos¢, 66 - Kedzierzyn-KoZle,
67 - tomza, 68 - Leszno, 69 - Zory, 70 - Betchatéw, 71 - Tarnowskie Géry, 72 - Mielec, 73 - Swidnica,
74 - Piekary Slgskie, 75 - Tezew, 76 - Racibérz, 77 - Bedzin, 78 - Zgierz, 79 - Biata Podlaska, 80 - Swie-
tochtowice, 81 - Etk, 82 - Pruszkéw, 83 - Starachowice, 84 - Ostroteka, 85 - Zawiercie, 86 - Legiono-
wo, 87 - Tarnobrzeg, 88 - Putawy, 89 - Skarzysko-Kamienna, 90 - Wodzistaw Slgski, 91 - Radomsko,
92 - Starogard Gdanski, 93 - Skierniewice, 94 - Kutno, 95 - Krosno, 96 - Nysa, 97 - Debicq,
98 - Ciechandw, 99 - Zdunska Wola, 100 - Kotobrzeg, 101 - Wejherowo, 102 - Sieradz, 103 - Rumig,
104 - Otwock, 105 - Oswiecim, 106 - Zyrardéw, 107 - §winoujécie, 108 - Sopot, 109 - Bolesto-
wiec, 110 - Nowa Sél, 111 - Chrzandw, 112 - Knurdw, 113 - Jarostaw, 114 - Swidnik, 115 - Sanok,
116 - Chojnice, 117 - Zory, 118 - Szczecinek, 119 - Brzeg, 120 - Malbork, 121 - Sochaczew, 122 - Miko-
téw, 123 - Olkusz, 124 - Jasto, 125 - Kwidzyn, 126 - Olesnica, 127 - Wotomin, 128 - Minsk Mazowiecki,
129 - Krasnik, 130 - Cieszyn, 131 - Dzierzonidw, 132 - Lebork, 133 - Czechowice-Dziedzice, 134 - Cze-
ladZ, 135 - Police, 136 - Piaseczno, 137 - Zgorzelec, 138 - Ostréda, 139 - Myszkdw, 140 - Nowy Targ,
141 - lawa, 142 - Zywiec, 143 - Bielawa, 144 - Otawa, 145 - tukéw, 146 - towicz, 147 - Srem
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probably reflects the proximity of other large
centre, since many of the urban centres of this
type are indeed ‘in the shadow’ of the cores
of the largest agglomerations.

The stagnating type is manifested in
a’flattening’ of the observed values for popu-
lation densities in the concentric rings found
closest to the centre. This may otherwise be
seen as a mature phase under the classic for-
mula from R. Newling (1969), which is char-
acteristic for centres noting enhanced decon-
centration of central areas. A distribution of
population density whereby values become
similar in two or three of the first zones out
from the central point was only found to
characterise the 5 centres of Poznan, Zielong
Goére, Krosno, Betchatéw and Tezew. In this
case the best fit was with MMF (sigmoid or
S-shaped) functions, or else Weibull functions
or vapor preassure.

The expiring type (popularly considered to
be characterised by a central ‘crater’) was
also a rarity, being found to characterise just
the 4 urban centres of Wroctaw, Bydgoszcz,
Skarzysko-Kamienna and Biata Podlaska. The
function offering the best match here was
often the MMF or Weibull model.

Proving unsuited to any unambiguous
description were cases of population-density
distribution assigned to the disorderly type.
These are generally conglomerate-towns or
centres within larger mono- or polycentric
systems, most especially the Katowice conur-
bation, or that of Rybnik. The category also
includes satellite towns around a monocen-
tric agglomeration (Police). Moreover, there
were several towns displaying a Gaussian
distribution (bell curve). However, it is impor-
tant to note that in these cases the course of
curves could not be well-matched to values
observed, it thus being necessary to classify
the urban centres of this kind into a category
including non-regular distributions

Regularities to density distribution

Population densities in the towns and cities
studied were set against selected demogra-
phic features. The overall mean density of

Geographia Polonica 2014, 87, 1, pp. 61-75

Przemystaw Sleszyriski

population was not investigated (regularities
in this regard having been described exhaus-
tively by Szymanska et al. 2009). Rather, the
focus was on indicators representative of are-
as closest to the designated central points.
What was tested, in other words, was the
hypothesis holding that there is a link between
population density in central parts and demo-
graphic features of urban areas taken overall.

The results of some of the regression anal-
yses are presented in Figure 10. It was pos-
sible to note the following (statistically signifi-
cant) co-occurring elements where density of
population in the 0-2 km concentration zone
was concerned:

« a rather strong link with the demographic
sizes of towns or cities;

« a weak link with the share of the popula-
tion that is of post-productive age.

The correlation between the degree of
concentration of population in the central
area and the overall population was also
investigated, and the results of the relevant
analyses in this case reveal:

- a weak link with the demographic sizes of
towns and cities;

« a weak link with the share of the popula-
tion that is of productive age.

How can the results obtained be inter-
preted? First and foremost, caution needs
to be applied in drawing any conclusions as
regards interdependence between the devel-
opment of the distribution and demographic
structure in the areas of Polish towns and
cities. The known link between demographic
age and the size of a given urban centre is
not always sustained by earlier processes
whereby the degree to which configurations
are densely populated increases towards
the centre. A matter of key significance here
would appear to be the uneven nature of
rates of socieconomic development in Pol-
ish urban centres, disrupted as these were
by depopulation processes induced by the
Second World War, along with marked later
relocations of population. In contrast, a posi-
tive correlation between the size of a town
or city and the intensity with which popula-
tion is distributed across the central area
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Figure 10. Statistical relationships between the population density of central areas and demographic
variables, i.e. the number of inhabitants of the town or city as a whole and the share of the popula-
tion accounted for by people of post-working age. Relationship with the number of inhabitants: Weibull
model: y = a-b*exp(-c*x¥); a = 12.362, b =11.689, ¢ = 0.010771, d = 0.8059. Relationship with the share
of a given city’s inhabitants that are of productive age: quadratic function, y = a+bx+cx’; a = 15.080,

b=-0.5929, ¢c=0.06756

points to some kind of proportional influence
of centrifugal forces on the shaping of the
population configuration. This means that
a knowledge of the number of inhabitants
is associated with predictions of maximal
values for population density in the central
area that enjoy a high probability of being
correct.

Conclusions

From the cognitive point of view what is most
important is the confirmation of the func-
tional distribution of population density in
the larger Polish cities, irrespective of their
precise sizes. It may further be concluded
that the development of population-density
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configurations in urbanised areas is governed
by an overriding regularity associated with
such an operation of centrifugal force as can
give rise to an increase in the density of set-
tlement of a regular and proportional nature
when set against distance from the centre.
It emerges that, in the Polish case at least, this
is very much independent of the rate of devel-
opment of urbanisation processes. After all,
it might have been presumed that the rapid
industrialisation leading to major influxes of
inhabitants observable after World War I
(Gawryszewski 2005) would result in distor-
tion of the model for the population-density
distribution. In the event, it turns out that this
has been only a limited influence on regulari-
ties as regards the courses of profiles. While
it was obviously possible to anticipate that
some of the directions would feature clear
anomalies in the courses of curves, the over-
all picture in the concentration zones remains
a rather undistorted one.

The research determined that a decid-
ed majority of Polish towns and cities (no
fewer than 88% of those in the category of
30,000 inhabitants or more) are character-
ised by a distribution model matchable using
an exponential or power function, or a deriva-
tive function. The closer to the centre one is,
the more this translates into an ever-more
intensive increase in the degree of concentra-
tion of the population. In contrast, it is rare
to come across an example of non-regularity
to the distribution, this being primarily condi-
tioned by a location within the larger settle-
ment networks, and most especially polycen-
tric agglomerations.

The depopulation of city centres - whose
effect is a course for the population-density
profile that includes a ‘crater’ in the middle -
is only met with rather rarely, holding true for
just a couple of Polish cities. Prevailing in line
with this kind of argumentation is a concept
which sees the development of urbanisation
process assuming a quite different course
in Poland from that seen in the most highly-
developed countries in recent years (Korcelli
et al. 2012). In the context of the Poland-wide
settlement system it is certainly not possible
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to refer to deurbanisation. Rather, falls in
the number of inhabitants noted in the last
2-3 decades in certain central areas need
to be interpreted in terms of a weakening of
the process whereby numbers of inhabitants
become concentrated, rather than a typical
depopulation of a city centre or inner-city
area. However, one may not preclude the
process in question gathering far greater
strength within the foreseeable future, most
especially given the quite unambiguous
demographic forecasts for Poland, which
assume even a 10% decline in the population
of the country over the next three decades.
From the practical point of view, it is also
worth pointing to the relatively low values for
population density sometimes revealed for
the central parts of Polish towns and cities. In
most of the areas the average value for this
indicator did not exceed 10,000 people per
km? - which is to say a value well under one-
tenth as great as may be noted in the highly-
populated cities of Asia or Latin America.
From one point of this represents a failing,
since lower densities of population translate
into extensive use (even sprawl), to the prolon-
gation of commutes, and hence to a raising of
operational costs, especially as regards infra-
structure. However, from other points of view
this a unique advantage allowing overpopula-
tion to be avoided, and hence permitting the
development of settlement layouts that are
more in line with the principles of sustainable
development. On the basis of examples from
Western Europe, Kowalewski (2006) notes
that it may be possible to plan human settle-
ment up to and including those with an index
of 20-25,000 people per km?, without a need
to bear burdensome existential, transport-
related and environmental consequences.
On the downside, the contemporary crisis
of spatial management in Polish towns and
cities is made all the more tangible, this mani-
festing itself in particular in transport-related
problems paradoxically reflecting the exten-
sive kind of management pursued up to now.
It is possible to conclude by formulating
a research postulate that might entail further
studies being carried out within a dynamic
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(historical) configuration. Work done to date
on population-density profiles - and more
broadly on the structure to population con-
figurations within urbanised areas - has
been limited by the availability of statistical
data for small spatial units. At the present
moment the 2002 Census data are unfortu-
nately the most recent available with such
detailed disaggregation. While it had been
foreseen that the computerisation of the
means of obtaining data employed with the
2011 Census would produce groundbreaking
change (Dygaszewicz 2008), the results were
not unfortunately as foreseen, to the extent
that there is even a growing chorus going
as far as to criticise the very reliability of the
core census data (Eberhardt 2012; Gotata
2013), mainly on account of the methodology
applied. This suggests a need for other sourc-
es to be made use of, including the admin-
istrative ones based around the system of
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