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Abstract: Spatial transformations stemming from urban sprawl are evident not only in the USA or
Western Europe but also in Central and Eastern Europe, including Poland. Urban sprawl materialises
mostly in land-cover and land-use change involving an increase in the proportion of urbanised areas
and discontinuous urban fabric in the total area. The paper’s objective was to identify the degree
of urban sprawl based on the area of discontinuous urban fabric. The spatial analysis was aimed at
finding differences in land-cover ratios by individual urbanised land categories. The analysed data
for 2006, 2012, and 2018 were retrieved from the Urban Atlas. The method employed was NUASI
(normalised Urban Atlas sprawl indicator). A series of computations revealed that urban sprawl is
found in Poland as well. Changes caused by the increase in the discontinuous urban fabric in the
total urban fabric were the most pronounced from 2006 to 2012. From 2012 to 2018, the pace of the
increase stabilised, but its dynamics declined. The study demonstrated a strong spatial variability of
the indicator. Urban sprawl was found to be the most intense in southern and southeastern Poland.

Keywords: urban sprawl; discontinuous urban fabric; suburbanisation; functional urban area

1. Introduction

Suburbanisation dominates the development of most global cities today [1,2]. Klausen
and Røe [3] even claim that ‘the world is increasingly urban, and the urban world is
increasingly suburban’. The term suburbanisation has come to be used to refer to the
development of a city beyond its administrative boundaries [4,5]. It is also defined as a
centrifugal diffusion phenomenon of urban agglomeration, which leads to the development
of the suburbs [6]. Symptoms of suburbanisation grew in Poland in the early nineteen
nineties after the country abandoned a command economy, including central spatial
planning, in 1989 and moved towards the free market and local-authority-based spatial
planning. The second wave of suburbanisation in Poland from 2006 to 2012 could have
been driven by the membership of Poland in the European Union.

In demographic terms, suburbanisation is most often recognised as a process leading to
a significant increase in the population on the urban agglomeration fringe compared to the
number of residents in the city core (CC) [7–9]. This specific process is often referred to as a
preliminary stage or residential-area suburbanisation because people tend to choose fringes
rather than the core to live at this point [10]. The next stage of suburbanisation caused by
the increasing distance to commerce and the workplace is economic changes. Businesses
and services move from the CC to suburban areas (economic suburbanisation, commerce
suburbanisation) [11,12]. As a result, the core grows depopulated and bereft of its previous
functions, which move outside city limits [13,14]. Furthermore, suburbanisation poses a
challenge for transport in suburban areas that is the direst in the best-accessible places [15].

Demographic and economic transformations are entwined with spatial and functional
changes. These shifts are manifested in changed suburban land cover and use, mostly in
increasingly urbanised, mainly residential, areas in the land-cover and -use structure. It
comes at the expense of open-space areas, usually agricultural land. Such spatial policy
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bolsters land-management and -use chaos, particularly regarding the situation of new
buildings [13]. Wilkosz-Mamcarczyk, Olczak, and Prus [16] pointed out that Polish rural
areas adjacent to most large cities are often spatially chaotic. Majewska et al. [17] compared
Polish suburban building arrangements to a badly played Tetris game and Grochowski [18]
to scattered confetti. The urban planning chaos contributes to the Tetris-like development
regardless of soil fertility and lost agricultural resources. Urban pressure fosters an increase
in farmland value [19]. Urban pressure may seem like a bargain for farmers in the short
term. They can sell peripheral parcels of their holdings. Real estate developers pay high
prices for land to build monofunctional residential neighbourhoods. Spatial planning that
is focused solely on profit may have poor social consequences and cause spatial problems.

These processes drive urban sprawl, which is a particularly adverse effect of suburban-
isation transformations. There is no common consensus on the definition of ‘sprawl’ [20–23].
The definition adopted by each researcher depends on the research perspective [20]. Ac-
cording to Wassmer [24], Earle Draper of the Tennessee Valley Authority first used the
term’ sprawl’ at a national conference of planners in 1937. Draper referred to sprawl
as an ugly and uneconomic change of the countryside. Urban sprawl is related to low-
density, dispersed, or discontinuous (‘leapfrog’) growth of urban fabric and isolation of
land uses accompanied by a series of environmental and socioeconomic issues [25–27].
Researchers [22,28–30] claim that urban sprawl is a process related to chaotic, dynamic,
and uncontrolled changes in the spatial structure of suburban areas, believed to be caused
mainly by insufficient urban planning regulations. Harvey and Clark [31], as well as Abidin,
Zamani, and Aliman [32] claimed that this phenomenon manifests itself in the development
of low-density buildings, ribbon development, or the leapfrog characteristic. Chettry and
Surawar [33] reported that scattered development should also be considered an urban
sprawl type. The Polish spatial planning system still lacks tools for coordinating spatial
changes in suburban zones. It is particularly harmful because researchers increasingly often
speak of urbanised space or functional zones rather than cities because the boundaries
between the city and its surroundings grow fuzzy and hard to define with evident spatial
characteristics [34,35]. Therefore, researchers [32,33] point out that the traditional division
of urban areas into central and suburban is no longer valid. Metropolitan or functional
areas do not exist as independent administrative units in Poland, and the boundaries of
metropolitan areas in Poland have not been universally defined. Usually, they consist of
the core city and a large number of smaller municipalities in the surroundings of the city.

The urban edge is a mix of urban and rural functions and land-use types. Agricultural
land on the urban edge is more prone to land abandonment [36], but simultaneously, an
increase in suburban population entails growing demand for fresh food products. At the
same time, access to food is reduced due to the residential monofunction of suburban
areas and large distances to commerce hubs requiring travel by car. For this reason, it
seems reasonable to preserve, at least partially, the agricultural function of suburbs and
control spatial transformations caused by urban sprawl (such as the increased proportion
of discontinuous urban fabric), as a loss of agricultural land to land-use changes such
as sprawl may lead to food insecurity [37–39] in functional urban areas (FUA). Urban
phenomena, including sprawl, are often discussed separately from rural phenomena [40],
disregarding the fact that these are two connected systems. As Cegielska et al. [41] pointed
out, the most significant changes in land use and land cover affected agricultural land, with
was reduced significantly in Poland in the last decades.

The inadequate definition of urban sprawl [2] renders the results of research on the
topic ambiguous. Urban sprawl and suburbanisation can be identified and measured from
different perspectives depending on the purpose of the study. Researchers [21,42] point out
changes in urban spatial structures in time as the key factor. Galster et al. [42] determined
eight dimensions that characterise sprawl: density, continuity, concentration, clustering,
centrality, nuclearity, mixed-use types, and proximity. They then proposed a synthetic
index for urban sprawl measurement. Similar attributes of sprawl were distinguished
by Torrens [43]. Angel et al. [21] further developed Galster’s method and presented
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metrics for the relative measure of sprawl using satellite imagery and population data.
Satellite imagery is a common tool for exploring sprawl [44–47], similarly to population
data, or in some cases even social-media data [44]. A combination of Corine Land Cover
(CLC) and military maps was used to determine how early sprawl was observed in
Budapest [48]. Schwarz [49], as well as Arribas et al. [50], used CLC spatial data and Urban
Atlas demographic data to characterise the spatial structures of major European cities. CLC
was also used to measure sprawl in Polish cities [50].

Polish suburbanisation discourse is dominated by research on its socioeconomic
aspect [8,51–55]. Most publications are based on data from public statistical resources
(the Local Data Bank of the Polish Central Statistical Office) [1,56,57]. There is not much
research on the spatial dimension of urban sprawl in the main metropolitan areas in
Poland. Studies on the spatial quality of urban sprawl often are local in scope and focus on
determining the number and location of new housing [58] or development density [59,60].
An interesting study of the spatial context of urbanisation was made by Solon [61] in the
Warsaw metropolitan area between 1950 and 1990. Solon [61] used several landscape
metrics (spatial share, mean patch size, patch size coefficient of variance, mean shape
index, mean nearest neighbour distance, mean proximity index, and the interspersion
and juxtaposition index) to describe changes in the spatial structure of the landscape.
He proved that, in the vicinity of the centre of Warsaw, and in the neighbourhood of
the transport routes, built-up areas were characterised by strongly fragmented, irregular
shapes. Similar conclusions on changing the peri-urban landscape by transforming the
agricultural land into discontinuous urban fabric for suburbs were drawn by Solecka, Sylla,
and Świąder [62] for Wrocław. Authors used CLC data, cadastral data, and transactions
data to investigate the dynamics of farmland conversion into suburban areas, as well as
the actual and predicted state of suburbanisation. More extensive research on the spatial
characteristics of urban sprawl in Poland was conducted by Lityński [13] and Cieślak,
Biłozor, and Szuniewicz [50]. Lityński [13] used a modified method, which was originally
presented by Galster et al. [42]. The proposed method was based on morphological
indicators and the land-use mix indicator, and the research area covered the main Polish
FUAs. Cieślak, Białozor, and Szuniewicz [50] proposed an overgrowth of urbanisation
(OU) index that was based on aggregated CLC data. Their research involved 71 Polish
cities with the status of county capitals.

Petrescu [63] applied his original NUASI (normalised Urban Atlas sprawl indica-
tor) in Romania. The metric considers the total urbanised areas and the proportion of
discontinuous urban fabric to the total built-up area.

The objective of the present paper was to identify spatial manifestations of suburban-
isation in the functional areas of voivodeship capitals in Poland. Poland is divided into
16 provinces known as voivodeships. For the purposes of the study, spatial transformations
caused by suburbanisation are defined as land-cover changes. The temporal range of
the research is 2006, 2012, and 2018 due to input data accessibility (Urban Atlas data).
We employed the NUASI indicator as proposed by Petrescu (2019) to investigate the spatial
aspect of suburbanisation. The coefficient reflects the degree of urban sprawl based on the
area of discontinuous urban fabric compared to the total urbanised area. In this study, we
attempt to answer the question of which Polish cities sprawl the most. The answer will be
founded on the assumption that the increase in discontinuous urban fabric is the spatial
manifestation of urban sprawl. Therefore, we checked which urban fabric dominated
urbanised areas and investigated urban fabric changes in each FUA.

As research gaps and possible contributions of this paper, we have identified: (1) few
studies have been conducted on spatial aspects of suburbanisation in the main Polish
metropolitan areas, and no study has yet fully discussed the discontinuous urban fabric
in these areas and its variability in individual FUAs, and (2) most of the previous studies
focused on one case study (3); most research in Poland is based on public statistics, with
the spatial-data approach neglected.
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2. Materials and Methods
2.1. Study Area

In Poland, dynamic changes in land use and cover related to suburbanisation take
place mostly in the suburban zones of large capitals of voivodeships. There are no na-
tionwide documents that would consider the FUA spatial policy as a functional whole.
The concept closest to the spatial range of FUA is regions (voivodeships). Still, obligatory
spatial development plans for voivodeships are region-specific and do not exceed the
administrative boundaries of voivodeships. Meanwhile, FUAs spread and coagulate into
functionally coherent units, disregarding administrative boundaries. It means that FUAs
are usually only parts of regions and that municipalities that constitute FUAs can be located
in various municipalities (such as for Warsaw, Kraków, and Katowice) and may be covered
by different spatial development plans. Therefore, there is still room for coordinated urban
planning on the voivodeship level. Zooming in on the municipality level, note that every
municipality operates within its administrative boundaries, and there is no obligation
to coordinate spatial policies with adjacent municipalities that also form the same FUA.
Therefore, the number of municipalities comprising a FUA also matters when a joint spatial
policy is considered. Therefore, the study involved all 16 capitals of Polish voivodeships
with their FUAs (Figure 1). The study area amounts to about 45 thousand km2. Most FUAs
consist of more than ten municipalities; only the FUAs of Zielona Góra and Szczecin have
fewer municipalities. The number of municipalities does not necessarily correspond to the
area of a FUA, which is evident for Wrocław or Łódź (Table 1).

2.2. Data and Analysis

The work employed a dataset from the Urban Atlas (UA) available on Copernicus [64].
The service is coordinated by the European Environment Agency (EEA), which provides
land-cover and land-use information at the European, national, and local levels. The 2006
Urban Atlas covered 319 urban areas in the European Union. Its second iteration in 2012
grew to 800 urban areas, a number retained in the latest 2018 edition. Initially, the UA
project identified 21 land-cover and -use categories in 2006, with six more added for 2012
and 2018. The additional categories improve the detail level of the basic ones used in the
project’s first phase. The changed categories do not affect the NUASI. The study focuses
on urbanised areas, while the modified land-cover categories are agricultural, forest, and
seminatural areas. The project involved UA data for 2006, 2012, and 2018 for all functional
urban areas of the capitals of Polish voivodeships.

1 
 

 

Figure 1. Study area; (a) Poland on the map of Europe; (b) the investigated Functional Urban Areas
in Poland.
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Table 1. Investigated FUAs, numbers of municipalities, and area of FUAs.

FUA Name Number of Municipalities Area [ha]

Warsaw 90 861,390.09
Katowice 60 394,543.00
Kraków 44 375,796.35
Lublin 33 322,253.81

Rzeszów 28 233,851.62
Poznań 26 309,207.12
Gdańsk 24 263,396.68
Kielce 20 224,323.09

Wrocław 19 264,820.90
Łódź 17 169,527.27
Opole 15 176,558.25

Białystok 13 223,635.64
Bydgoszcz 12 210,024.78

Olsztyn 10 202,358.10
Zielona Góra 9 169,533.28

Szczecin 7 112,898.14

The method of calculating NUASI was proposed by Petrescu [63]. The first step was
to reclassify 14 land-cover categories in urbanised areas available in the UA using their
urban fabric characteristics and density. Three land-cover and -use groups were created:
C1, C2, and C3. The grouping principles are provided in Table 2.

Table 2. Principles for generalising land-cover classes. Source: Petrescu [64].

Urban Atlas Code Land-Cover Class Group

11100 Continuous urban fabric C1
11210 Discontinuous dense urban fabric C2
11220 Discontinuous medium density urban fabric
11230 Discontinuous low density urban fabric
11240 Discontinuous very low density urban fabric
11300 Isolated structures
12100 Industrial, commercial, public, military, and private units C3
12210 Fast transit roads and associated land
12220 Other roads and associated land
12230 Railways and associated land
12300 Port areas
12400 Airports
13100 Mineral extraction and dump sites
13300 Construction sites

The second step was to aggregate the surfaces of all areas in groups C1, C2, and C3.
The computations were performed using the Group Stats plugin for QGIS 3.14 separately
for all the years and for all investigated FUAs. The third step involved the calculation of
the NUASI [63], that is, a ratio between the area of C2, and the aggregate areas of groups
C1, C2, and C3.

NUASI =
area (C2)

area (C1) + area (C2) + area (C3)
,

C1—continuous urban fabric characteristic of cities, very compact building positioning;
C2—discontinuous urban fabric for which suburbanisation can be a reason for growth;
C3—other types of artificial surfaces: any type of areas used by people for purposes other
than agriculture, excluding sports facilities, parks, green squares, etc.

Its value indicates the proportion of the investigated area that is covered with the
discontinuous urban fabric. The NUASI is always below 1. The results are summarised
in tables.
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3. Results

The results are presented in tables starting from C1, going through 2006, 2012, and 2018
to C3. The degree of C1 classes coverage reflecting continuous urban fabric for research
years are shown in Table 3. The largest such developed area was in the FUA of Warsaw.
The proportion of continuous urban fabric in the FUA of Warsaw was 3.66% of its total
area in 2006, and it increased to 3.72% in 2018. The FUA with the smallest C1 area was
Zielona Góra. Even though it was not the smallest FUA investigated here, its continuous
urban fabric area proportion was the lowest: 0.52% in 2006 and 0.49% in 2018 of the total
FUA’s area.

Table 3. C1 area [ha] in each investigated area in 2006, 2012, and 2018.

C1 Growth Rate

FUA Area [ha] 2006 2012 2018 2012–2006 2018–2012 2018–2006

Warsaw 861,390.09 31,554.36 32,004.83 32,044.62 1.43 0.12 1.55
% 3.66 3.71 3.72

Katowice 394,543.00 7485.93 7558,76 7560.66 0.97 0.03 1.00
% 1.90 1.92 1.92

Kraków 375,796.35 5138.66 5127.65 5248.31 −0.21 2.35 2.13
% 1.37 1.36 1.40

Lublin 322,253.81 2682.34 2722.24 2754.51 1.49 1.19 2.69
% 0.83 0.84 0.85

Rzeszów 233,851.62 1418.65 1434.35 1458.53 1.11 1.69 2.81
% 0.61 0.61 0.62

Poznań 309,207.12 5097.77 5102.78 5191.53 0.10 1.74 1.84
% 1.65 1.65 1.68

Gdańsk 263,396.68 5612.64 5696.61 5647.88 1.50 −0.86 0.63
% 2.13 2.16 2.14

Kielce 224,323.09 1453.37 1226.45 1236.03 −15.61 0.78 −14.95
% 0.65 0.55 0.55

Wrocław 264,820.90 6243.20 6304.10 6541.92 0.98 3.77 4.78
% 2.36 2.38 2.47

Łódź 169,527.27 2733.46 2748.18 2754.51 0.54 0.23 0.77
% 1.61 1.62 1.62

Opole 176,558.25 1026.81 1033.36 1034.78 0.64 0.14 0.78
% 0.58 0.59 0.59

Białystok 223,635.64 4999.65 5064.62 5182.60 1.30 2.33 3.66
% 2.24 2.26 2.32

Bydgoszcz 210,024.78 2685.52 2714.36 2746.94 1.07 1.20 2.29
% 1.28 1.29 1.31

Olsztyn 202,358.10 1430.13 1450.24 1448.36 1.41 −0.13 1.27
% 0.71 0.72 0.72

Zielona Góra 169,533.28 882.63 834.14 835.84 −5.49 0.20 −5.30
% 0.52 0.49 0.49

Szczecin 112,898.14 1998.38 2038.79 2047.78 2.02 0.44 2.47
% 1.77 1.81 1.81

The C1 cover has grown by 2012 in most of the FUAs (Table 3). The increase of C1
between 2006 and 2012 was highest in the FUA of Warsaw, where C1 cover was 31,554 ha
in 2006 and grew by 450 ha in six years. The C1 growth rate for 2006–2012 is between
0.1% and 2% in most of the analysed FUAs. However, it decreased in the FUAs of Kielce,
Zielona Góra, and Kraków. In Kielce, the reduction was 15.5% or 225 ha; in Zielona Góra
it was 5.5%. The FUA of Kraków also lost some C1 area, but merely 0.21%. The largest
increase in the proportion of C1 was in the FUA of Warsaw and Szczecin.

Between 2018 and 2012 one of the visible changes took place in Kielce, where the
continuous urban fabric area shrank in the past. In 2018, it grew by a mere 0.80%, and the
aggregate loss for 12 years was 15%. The FUA of Warsaw also went through a less marked
increase: merely 1.4% in 2012 and as little as 0.12% in 2018. The biggest rise was noted in
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FUA of Wrocław and FUA of Białystok. In FUA of Białystok, it was relatively stable and
amounted to 1.3% in the first period and 2.3% six years later. In the FUA of Wrocław, the
change was more significant, from 0.98% in the first period to 3.77% in the second period.
As a result, only the FUA of Kielce and the FUA of Zielona Góra experienced a negative
change in C1 land cover over the 12 years.

The data for C2 cover (Table 4) show areas where the most dominant cover was
discontinuous urban fabric. The FUA of Warsaw had the largest area of C2 cover, but the
difference was not as pronounced as in the previous group (Table 3), where the result for
FUA of Warsaw was several times higher than in other FUAs. The C2 group covered a
much greater area of FUAs than the C1 group. The total C2 area for all FUAs was 246,189 ha,
whereas the area of C1 was three times smaller, 82,238 ha. The highest share of C2 in total
urban area of 9.77% was observed in the FUA of Rzeszów in 2006. The FUA of Kraków
had the second highest share of 9.38% in that year. Both Rzeszów and Kraków had the
highest shares of C2 in both 2012 and 2018. The lowest share of C2 in 2006, 2012, and 2018
was in Olsztyn, Zielona Góra, and Białystok (approx. 3%).

Table 4. C2 area [ha] in each investigated area in 2006, 2012, and 2018.

C2 Growth Rate

FUA Area [ha] 2006 2012 2018 2012–2006 2018–2012 2018–2006

Warsaw 861,390.09 42,642.41 48,430.37 50,627.06 13.57 4.54 18.72
% 4.95 5.62 5.88

Katowice 394,543.00 31,795.14 33,786.02 35,302.17 6.26 4.49 11.03
% 8.06 8.56 8.95

Kraków 375,796.35 35,234.81 38,121.47 40,127.61 8.19 5.26 13.89
% 9.38 10.14 10.68

Lublin 322,253.81 20,752.50 24,540.03 25,288.12 18.25 3.05 21.86
% 6.44 7.62 7.85

Rzeszów 233,851.62 22,846.35 24,290.48 25,005.01 6.32 2.94 9.45
% 9.77 10.39 10.69

Poznań 309,207.12 14,276.26 15,901.54 17,109.61 11.38 7.60 19.85
% 4.62 5.14 5.53

Gdańsk 263,396.68 12,185.59 14,466.47 166,391.31 18.72 15.02 36.55
% 4.63 5.49 6.32

Kielce 224,323.09 11,946.32 13,182.47 13,760.25 10.35 4.38 15.18
% 5.33 5.88 6.13

Wrocław 264,820.90 9761.00 11,190.34 12,185.39 14.64 8.89 24.84
% 3.69 4.23 4.60

Łódź 169,527.27 14,267.05 15,047.93 16,057.08 5.47 6.71 12.55
% 8.42 8.88 9.47

Opole 176,558.25 6509.15 7177.61 7263.93 10.27 1.20 11.60
% 3.69 4.07 4.11

Białystok 223,635.64 5768.20 6454.53 7109.57 11.90 10.15 23.25
% 2.58 2.89 3.18

Bydgoszcz 210,024.78 6413.44 7473.44 8128.04 16.53 8.76 26.73
% 3.05 3.56 3.87

Olsztyn 202,358.10 4428.24 4982.56 5427.17 12.52 8.92 22.56
% 2.19 2.46 2.68

Zielona Góra 169,533.28 3760.58 4372.13 4664.81 16.26 6.69 24.04
% 2.22 2.58 2.75

Szczecin 112,898.14 3602.70 4224.49 4606.06 17.26 9.03 27.85
% 3.19 3.74 4.08

In 2012, the C2 cover increased in all the investigated FUAs. The change over the
six years was the greatest among all the groups. The most evident expansion of 2281 ha
was in the FUA of Gdańsk. The largest growth in all FUAs was for discontinuous very
low-density urban fabric. The smallest rise of C2 cover was in the FUA of Łódź, where the
growth rate amounted to 5.47%. The mean increase in the growth rate of discontinuous
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urban fabric in the capitals of voivodeships was 12%. The total area of C2 in all the FUAs
was 273 thousand hectares in 2012 (246 thousand in 2006). Between 20012 and 2018 the
growth rate was significantly lower, with the exception of the FUA of Łódź, where the
growth rate was 6.71% for 2012–2018 and 5.47% for 2006–2012.

The most marked change was noted from 2006 to 2012. The growth was much slower
from 2012 to 2018. The growth rate was highest in the FUA of Gdańsk over the twelve years;
the accumulated value of the growth rate in Gdańsk was 36.55%.

Details of the C3 cover in 2006, 2012, and 2018 are shown in Table 5. Individual types
of artificial surfaces in the FUAs differed significantly. Some of the analysed FUAs did
not include fast-transit roads, airports, or access to the sea or other sea routes, so they
cannot have ports or associated areas, that form C3 group. The FUAs of Lublin, Bialystok,
Zielona Góra, and Szczecin did not have airports or group 12,400 areas. Similarly, ports,
category 12,300, can only be found in the FUA for Szczecin, Gdańsk, Wrocław, and Warsaw.
The largest C3 area was found in the largest investigated FUA, as was the case earlier. In
relative terms, the largest such developed area was the FUA of Katowice. The functional
urban area of Katowice is one of the most urbanised areas because of industrial zones,
mineral extraction sites, and factories.

Table 5. C3 area [ha] in each investigated area in 2006, 2012, and 2018.

C3 Growth Rates

FUA Area [ha] 2006 2012 2018 2012–2006 2018–2012 2018–2006

Warsaw 861,390.09 37,461.85 40,804.55 42,547.39 8.92 4.27 13.58
% 4.35 4.74 4.94

Katowice 394,543.00 34,716.85 36,271.69 37,615.46 4.48 3.70 8.35
% 8.80 9.19 9.53

Kraków 375,796.35 17,147.86 18,300.40 19.011.87 6.74 3.87 10.87
% 4,56 4,87 5,06

Lublin 322,253.81 8696.71 10,631.47 10,796.28 22.25 1.55 24.14
% 2.70 3.30 3.35

Rzeszów 233,851.62 6488.28 7735.46 7700.47 19.22 −0.45 18.68
% 2.77 3.31 3.29

Poznań 309,207.12 15,714.85 17,352.80 20,095.13 10.42 15.80 27.87
% 5.08 5.61 6.50

Gdańsk 263,396.68 15,158.32 16,567.59 17,144.67 9.30 3.48 13.10
% 5.75 6.29 6.51

Kielce 224,323.09 7271.92 8531.43 9002.57 17.32 5.52 23.80
% 3.24 3.80 4.01

Wrocław 264,820.90 13,340.03 14,353.67 15,026.10 7.60 4.68 12.64
% 5.04 5.42 5.67

Łódź 169,527.27 11,333.22 11,956.47 12,782.06 5.50 6.90 12.78
% 6.69 7.05 7.54

Opole 176,558.25 5580.94 5836.90 6219.20 4.59 6.55 11.44
% 3.16 3.31 3.52

Białystok 223,635.64 6911.20 7707.43 8555.84 11.52 11.01 23.80
% 3.09 3.45 3.83

Bydgoszcz 210,024.78 8055.47 8490.64 9642.28 5.40 13.56 19.70
% 3.84 4.04 4.59

Olsztyn 202,358.10 5132.24 4957.59 6108.44 −3.40 23.21 19.02
% 2.54 2.45 3.02

Zielona
Góra 169,533.28 4685.97 5056.16 5172.52 7.90 2.30 10.38

% 2.76 2.98 3.05
Szczecin 112,898.14 6642.79 7140.21 7339.50 7.49 2.79 10.49

% 5.88 6.32 6.50

Over the six-year period between 2006 and 2012, only one area stands out among all
the expanding FUAs, Olsztyn. Its built-up area decreased by 3.4%, which is opposite to the
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other FUAs. The reason for such a small change was the reduction in mineral extraction
sites by 240 ha, similar to construction sites, which shrunk by about 90 ha in six years.
Land-cover classes under C3 grew in all of the investigated FUAs in 2018 with the exception
of the FUA of Rzeszów, where the area shrunk by 0.5% or 35 ha from 2012. The functional
urban area of Rzeszów grew in terms of all land-cover categories except for the last one,
that is, construction sites. This category grew smaller by 880 ha in six years.

We calculated the NUASI for each year (2006, 2012, and 2018) and for all functional
areas of the capitals of Polish voivodeships from UA land-use and -cover data (Table 6).
The proportion of discontinuous urban fabric grew in most analysed FUAs. It varied from
0.47% (the FUAs of Łódź and FUA of Kraków) to 4.86% (the FUA of Gdańsk).

Table 6. NUASI [%] for 2006, 2012, and 2018 and changes from 2006 to 2018 for all FUAs.

Warsaw Katowice Kraków Lublin Poznań Wrocław

NUASI 2006 38.19 42.97 50.35 64.59 40.69 33.26
NUASI 2012 39.95 43.53 50.58 64.76 41.46 35.14
NUASI 2018 40.43 43.87 50.82 65.17 41.69 36.10

change 2018–2006 2.24 0.90 0.47 0.59 1.00 2.84
Rzeszów Białystok Bydgoszcz Olsztyn Opole Zielona Góra

NUASI 2006 74.29 32.63 37.39 40.29 49.62 40.57
NUASI 2012 72.59 33.57 40.01 43.74 51.09 42.60
NUASI 2018 73.19 34.10 39.62 41.80 50.03 43.71

change 2018–2006 −1.10 1.47 2.23 1.51 0.41 3.14
Gdańsk Kielce Łódź Szczecin

NUASI 2006 36.97 57.79 50.35 29.42
NUASI 2012 39.39 57.46 50.58 31.52
NUASI 2018 41.83 57.34 50.82 32.92

change 2018–2006 4.86 −0.45 0.47 3.49

The analysis of C2 cover and NUASI changes in the FUAs of Rzeszów and Kielce
demonstrated that discontinuous urban fabric did not always grow. In the FUA of Kielce,
the value of the NUASI decreases by about 0.20% in six years on average. The change was
not due to the slower dispersion of developments, which grew by 1813 ha in 12 years. One
of its causes was new C3 areas that grew by 23.8% from 2006 to 2018 (1730 ha). Therefore,
the proportion of discontinuous urban fabric to all the groups dwindled.

The NUASI for the FUA of Rzeszów dropped 1.1% over 12 years. Discontinuous urban
fabric on FUA of Rzeszów amounted to 73% of the entire urbanised area (sum of C1, C2, C3).
Data for the first period show that Rzeszów’s fabric was significantly discontinuous already
in 2006. Over the twelve analysed years, the proportion of discontinuous urban fabric
declined, making room for other urbanised land-cover types. Therefore, the discontinuous
urban fabric did not grow from 2006 to 2018, as did the other categories. The decrease in
the NUASI in the FUAs of Rzeszów and Kielce was caused by the increase in the area of C3.

All the analysed FUAs were covered in discontinuous urban fabric. The proportion
of discontinuous urban fabric (C2) in the urbanised areas of individual FUAs is shown in
choropleth maps (Figure 2). The greatest share of C2 cover in the total urbanised area in all
the years was found in southeastern Poland with the FUAs of Rzeszów, Lublin, Kielce, and
Kraków. The FUA of Rzeszów has the largest share of discontinuous urban fabric from
among the investigated FUAs. The values of the NUASI for the FUA of Rzeszów exceeded
72% in every year. It was followed by the FUA of Lublin (above 64% in each year), the FUA
of Kielce (over 57% in each year), and the FUA of Kraków (over 50% in each year). The
situation in northwestern Poland was the opposite. In the last investigated year, the FUA
of Szczecin was covered with 1.8% continuous urban fabric (C1). Discontinuous urban
fabric was 4%, and the C3 group covered 6.5%. In terms of proportions in urbanised area,
C1 covered 15%; C2 was 33%, and C3 was 52%. Szczecin is the only functional urban area
with the share of discontinuous urban fabric in urban areas below 33%. Most of the cities
range from 40 to 50%, including the largest FUA, Warsaw.
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Figure 2. The NUASI in 2006 (a), 2012 (b), and 2018 (c).

We proved that urban fabric grew the fastest from 2006 to 2012, which is demonstrated
by NUASI changes (Figure 3). In most of the studied areas, the second period from 2012 to
2018 was a time of slower inflation of discontinuous urban fabric, which is demonstrated by
a nearly two-time-lower value of the NUASI indicator. The described tendency is especially
present in the FUA of Olsztyn, where NUASI change between 2018 and 2012 was −1.94%,
but between 2012 and 2006, it was 3.45%.
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Figure 3. The NUASI changes between 2018 and 2012, as well as 2012 and 2006.

All urban sprawl types proposed by Harvey and Clark [31] are present in Polish FUAs,
i.e., low-density sprawl and ribbon development, as well as leapfrog development. As
noticed by Sýkora and Stanilov [65], there are two main models of the spatial development
of suburbia in post-socialist countries. In the first one, suburban buildings are concentrated
in a relatively limited number of nodes of varying volumes in which housing, workplaces,
and services are mixed. These nodes of suburban development are usually anchored in
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the historical structure of the village. The second pattern of suburban development takes
the form of scattered development, with a large number of clusters, many of which are
monofunctional (mostly residential). We combined the spatial distribution of built-up areas
(C1 + C2 + C3), boundaries of urban core, and main roads to show the types of urban sprawl
present in Poland. Although all types of urban sprawl are present in all Polish FUAs, there
are regional features that are worth highlighting. The least-concentrated areas are located
in the southern part of Poland (Figure 4a–c). Especially in the FUA of Krakow and the FUA
of Rzeszów, there are examples of scattered development. In the FUA of Rzeszów, as well
as the FUA of Kielce, the development of new buildings, mainly residential ones, is located
on a continuous row along the main road (Figure 4b,c). A trend of edge development is
strongly visible in central Poland (Figure 4d,e). In the FUA of Wrocław, there are many
examples of leapfrog development. In northern Poland, the dispersion of buildings is
not as advanced as in southern Poland. The development of new buildings is based on
previously existing villages (Figure 4g,h).
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Figure 4. Examples of regional variation of urban sprawl forms: (a) scattered development in the FUA of Krakow (a) and in
the FUA of Rzeszów (b), ribbon development in the FUA of Kielce (c), edge expansion in the FUA of Warsaw (d) and in the
FUA of Poznań (e), leap frog development in the FUA of Wrocław (f), development based on previously existing villages in
the FUA of Szczecin (g) and in the FUA of Olszyn (h).
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4. Discussion

The primary assumption in this paper was that the spatial manifestation of urban
sprawl was an increase in the proportion of discontinuous urban fabric to the total ur-
banised area [26,66] reflected in the NUASI. The NUASI takes into account the entire
urbanised area, but it also considers its ratio to the area of the discontinuous urban fabric.
This study helps determine which urban fabric expands the most. The present study
demonstrated that the fastest-growing type of urban fabric was discontinuous urban fabric,
which was the dominant type of urban fabric in all the years in the FUAs of Rzeszów,
Lublin, Kielce, Kraków, and Łódź. Therefore, urban sprawl takes place in all of the func-
tional areas of the capitals of Polish voivodeships. Still, a difference between northern
and southern Poland was identified. The highest values of the NUASI for the years of
interest were found in the FUAs in southern and southeastern Poland. Polish agricultural
holdings are among the smallest in Europe [67]. The parcels are small, and their shapes
are often problematic [68]. The issue is evident in the agricultural land of southern Poland,
where fragmentation is the worst [69]. Therefore, it seems justified to claim that the signif-
icant proportion of discontinuous urban fabric in urbanised areas of southern Poland is
aggravated by historical fragmentation of agricultural holdings, significantly elongated
(band-like) parcels [68], and an insufficient land consolidation effort. Such an unfavourable
and dysfunctional development of urbanised areas could be aided by sound spatial plan-
ning. Many authors emphasised the inefficiency of the spatial planning system in Poland
and the failure to implement regulations [70–75]. Too often the development of urbanised
areas depends on individual administrative decisions instead of comprehensive spatial
development plans. All of this results in a positive-feedback situation. Fragmentation and
small sizes of farms, as well as small sizes of agricultural parcels, make it easier to sell
land and convert it into non-agricultural and non-forest use, which fosters urban sprawl.
On the other hand, urban sprawl may reinforce the existent adverse spatial structure by
developing small parcels instead of their consolidation, planning of infrastructure, and
division for sale [68].

As Nuissl and Rink [76] highlighted, suburbanisation in post-socialist countries dif-
fered from suburbanisation in Western Europe. While in Western Europe, suburbanisation
took place in an environment of strong population and economic growth, in post-socialist
countries, there was stagnation in population and economic transformation. Kajdanek [77]
claimed that the most important difference between suburbanisation in Poland and in
Western Europe was the scale and the size of suburban area. In Poland, suburban areas
developed a short distance from the central city and were not that extensive. Similar
conclusions were reached by Solon [61] in his research on the suburban area of Warsaw.
Solon [61] noticed that the strong influence of the city ends at a distance of 4–6 km from
the centre and transportation routes. Polish researchers [78,79] agree that Polish suburban
areas are characterised by chaotic development and the irrationality of spatial systems,
as well as the high consumption of space due to the large dispersion of buildings [11].
Urban sprawl in Poland displays similar features to those observed by Repaská, Vilinová,
and Šolcová [80] in the suburbs of Nitra. These features are: small residential plots, dense
built-up areas, cul-de-sacs, and private roads.

It is difficult to compare the results of various studies due to the diversity of methods
and input data. Cieślak et al. [50] investigated urban sprawl in the capitals of Polish districts
using aggregate urbanised areas based on CLC data. In our opinion, the highly fragmented
suburban development reduces the usefulness of CLC data for research on urban sprawl
in Poland. The legitimacy of the use of CLC data in the urban sprawl measurement is
also questioned by Solecka et al. [62], who proved that almost half of housing plots are
located outside of the area classified as discontinuous urban fabric by CLC in the research
of the suburban area of Wroclaw. Moreover we believe the use of aggregate urbanised
areas delineated with arbitrary aggregation parameters have the potential of excluding
areas with discontinuous urban fabric (leapfrog development) from studies on urban
sprawl. Therefore, we selected all urbanised areas for the present study, with a particular
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focus on the discontinuous urban fabric. Other studies [53,60] analysed only the area of
one city or one FUA, as usually the data used for such research are high-resolution data,
and the studies are usually very detailed. We could analyse all the largest Polish cities
simultaneously thanks to the use of Urban Atlas data.

The selection of input data determines the selection of the study area. We employed
Urban Atlas data in our research as they are more accurate than CLC data. The advantage
of CLC data over Urban Atlas data is that they cover all of Poland, which makes them
adequate for analysing any study area. Thus, the first limitation of our method is the
scope of the data. The research is possible only for FUAs but not for the entire country.
The second limitation is the inability to measure NUASI for other time periods than those
related to Urban Atlas data. However, the use of national survey datasets for the calculation
of NUASI may be considered for the further research.

The issue of the study area is linked to the problem of precise delimitation (the deter-
mination or assumption of boundaries of the area affected by urban sprawl). Lityński [13]
delineated areas under urban sprawl using a set of variables in accordance with the lit-
erature, excluding polycentric agglomerations for simplicity’s sake. Cieślak [50] selected
district cities and municipalities adjacent to them as areas potentially affected by urban
sprawl. In the present study, we selected all of the FUAs of the capitals of Polish voivode-
ships. This way, the results can be compared across the country and to other European
countries. The comparison should involve cities that are regional capitals. Note that the
policy for identifying FUAs with population density and travel-to-work flows is consistent
with the principles for identifying areas potentially under urban sprawl.

We demonstrated that urban fabric grew the fastest from 2006 to 2012, which is
consistent with results by Cieślak et al. [50]. Still, the present study demonstrates that
discontinuous urban fabric expanded the most rapidly among all urban fabric types. The
period from 2012 to 2018 was a time of slower inflation of discontinuous urban fabric. It
still grew in relation to the total developed land, but the increase was nearly two times
smaller than from 2006 to 2012. Cieślak at al. [50] also noticed the slower expansion of
urban fabric in general from 2012 to 2018.

According to Small [81], the public and policymakers compare urban sprawl to a sick-
ness that is embodied in harmful signs but cannot be fully comprehended and prevented
and the root causes of which remain unknown. In addition, the literature shows that
urban expansion is quicker than urban population growth [82]. It is also visible in Polish
local development plans, in which extensive areas are designated as built-up areas [70,83].
Sprawl should be viewed from the broader perspective of agricultural land loss, as new
developments often invade space designated for agricultural use. It can disrupt food
security [84,85] and cause problems with food availability [86]. Therefore, function mix is
important in spatial planning so that residents have access to services and food. Growing
food close to the city improves the health of its inhabitants and opens the possibility of
creating direct channels that may increase profitability [87]. Therefore, urban agriculture
could be a remedy for food insecurity and facilitate the development of resilient and em-
powered communities, improvement of health, and the reuse of abandoned properties [88].
The reduction of the necessity to use cars to satisfy basic needs can also help with the
obesity epidemics [89].

The primary result of the present study is the NUASI values, which indicate the
proportion of discontinuous urban fabric for each FUA. The NUASI was calculated for the
entire FUAs here. However, thanks to the design of the indicator and the nature of the
Urban Atlas input data, it is possible to calculate the NUASI for the city core, suburban
zone, and individual municipalities within FUAs. It could be the next research step.

Values of the NUASI could help devise national and regional spatial policies. More-
over, NUASI for individual municipalities could help define local spatial policies. Urban
Atlas data are provided every six years. One can verify whether implemented spatial
policies to limit urban sprawl work by calculating the indicator regularly. Should the
NUASI for the latest data be high, the effort would be fruitless.
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Some studies show that the increase in population is not as dynamic as the increase in
urbanised areas [50,70,82,83]. Therefore, it would be reasonable to regularly compare the
pace of changes in the proportion of discontinuous urban fabric in total urbanised areas
with demographic processes in the investigated space. Such monitoring is advisable on the
national and regional levels (based on changes in the NUASI in individual FUAs) and on
the local level (NUASI for individual municipalities).

5. Conclusions

Suburbanisation is highly dynamic. Areas around cities witness violent spatial trans-
formations. The changes vary in nature and intensity depending on local conditions. The
spatial dimension of suburbanisation is increasingly apparent, not only in the United States
or Western Europe but also in Poland. It is embodied mostly in land-cover and land-use
change involving an increase in the proportion of urbanised areas and discontinuous
urban fabric in the total area of developed land. The spatial analysis was aimed at finding
differences in land-cover ratios by individual urbanised land categories. It was based on
open-access Urban Atlas data. The employed method was the NUASI. The study involved
16 capitals of voivodeships in Poland with their commute zones, referred to as functional
urban areas.

A series of calculations confirmed the urban sprawl tendency identified in the liter-
ature. Additionally, the values of the NUASI reflected the course and pace of changes
in individual urban land-cover types. The results show that discontinuous urban fabric
underwent the largest increase in developed land from 2006 to 2018. Discontinuous urban
fabric expanded the most from among all of the analysed land cover groups, particularly
in the first investigated period from 2006 to 2012. The value of the NUASI for each city
was high and varied from 31% to 74%. The summary of the values for the FUAs of Kielce
and Rzeszów indicates that discontinuous urban fabric can relatively shrink. However, it
is not due to the cessation of development scattering. The primary cause of this change
is the occurrence of new areas with an artificial surface and compaction of the existing
discontinuous urban fabric. The study shows that urban sprawl is the most intense in
southern and southeastern Poland.

An excessive proportion of discontinuous urban fabric in the entire developed area
has no benefits. It mainly generates costs of management or transport and contributes
to the loss of open areas for potential agricultural production. It is necessary to improve
spatial planning so that individual land-cover groups grow in accordance with planned
targets with the proper functional mix to prevent adverse repercussions of urban sprawl.
It is important that the C1 and C3 land-cover groups be relatively greater. The extensive
continuous urban fabric and such land-cover types as transit roads, airports, or railways
are characteristic of developed cities. The high share of C1 land can also demonstrate the
effective implementation of compact city principles, which has often been discussed as the
antithesis of urban sprawl or decentralisation.

The NUASI can easily indicate changes in urban sprawl. It has no inherent restrictions.
The indicators can be applied to a single FUA in a selected year or a series of measurements
to build comprehensive summaries to reflect the sprawl of discontinuous urban fabric over
the years. Furthermore, the indicator can be applied to any European city identified as a
functional urban area in the Urban Atlas.

Our results can be useful for policymakers and decision-makers to show the com-
plexity of dynamic changes in the urban fabric. Such knowledge is necessary to develop
tailored spatial planning documents that could prevent the excessive loss of agricultural
land and show where sprawl is the most advanced.
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34. Sepioł, J. Przestrzeń Życia Polaków; Architektura-Murator and SARP: Warszawa, Poland, 2014.
35. Nechyba, T.J.; Walsh, R.P. Urban sprawl. J. Econ. Perspect. 2004, 18, 177–200. [CrossRef]
36. Sroka, W.; Pölling, B.; Wojewodzic, T.; Strus, M.; Stolarczyk, P.; Podlinska, O. Determinants of farmland abandonment in selected

metropolitan areas of Poland: A spatial analysis on the basis of regression trees and interviews with experts. Sustainability 2019,
11, 3071. [CrossRef]

37. Shi, K.; Chen, Y.; Yu, B.; Xu, T.; Li, L.; Huang, C.; Liu, R.; Chen, Z.; Wu, J. Urban expansion and agricultural land loss in China: A
multiscale perspective. Sustainability 2016, 8, 790. [CrossRef]

38. Zdruli, P. Land resources of the Mediterranean: Status, pressures, trends and impacts on future regional development. Land
Degrad. Dev. 2014, 25, 373–384. [CrossRef]
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nych w Gosp. Available online: https://modr.pl/obrot-ziemia/strona/srednia-powierzchnia-gospodarstwa-dane-z-16-wrzesnia-
2020-r (accessed on 2 January 2021).
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