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Abstract: Urban sprawl is a process shaping the space of contemporary urban areas. The costs
generated by this phenomenon force central and local authorities to adopt and implement a spatial
policy limiting those costs. However, there is no method in Polish spatial policy that determines
the extent of this phenomenon around cities, and thus identifies the area of intervention. Therefore,
the purpose of the article is to propose a method of delimitation of urban areas at risk of urban
sprawl. The proposed method of delimitation honors the characteristics of urban sprawl relating
to spatial structure, socio-economic processes and efficiency of spatial policy. The method can be
useful for conducting spatial policy aimed at reducing costs due to urban sprawl. It particularly
pertains to the policy implemented at the central and regional level. Research results indicate that,
in most Polish urban areas, delimitations used thus far designate too little of the area around core
cities. Although the goals of reducing the negative consequences of urban sprawl are formulated
at the level of national spatial policy, the methods of delimitation used thus far do not take into
account the specificity of this phenomenon. Underestimating the extent of urban sprawl results in
a lack of effectiveness of spatial policy due to the omission of specific areas in public intervention.
This particularity is related to the fact that these are usually external areas—the most distant from
the core city. These areas have the highest costs for urban sprawl. At the same time, these are areas
in the early stages of spatial growth, in which a consistent spatial structure can still be kept while
implementing proper spatial policy.
Keywords: spatial planning policy; urban sprawl; delimitation; cities; functional areas

1. Introduction
Spatial planning policy is the domain of public entities, and commune governments generally
play a special role in actively influencing the structure of space. In Poland, the commune authorities are
responsible for space management at the local level, but their authority is limited by the administrative
boundaries of the commune. It is widely recognized in Poland that the commune self-government is
struggling with the implementation of effective spatial planning policy. The current spatial planning
system is assessed as inefficient [1,2]. There are legal gaps that prevent the implementation of
good practices in spatial management, taking into account economic and urban legitimacy. Hence,
ensuring the implementation of the basic objectives of spatial policy, which are maintaining spatial
order and sustainable development, is becoming increasingly difficult [3–5]. Systemic problems
are accompanied by dynamically occurring social, economic and spatial processes. These processes
occur most strongly in metropolitan areas, resulting in an undesirable spatial structure known as
urban sprawl.
Urban sprawl is one of the processes of the natural spatial evolution of the city, caused by economic
development and an increase in household income. It is also the dominant form of spatial growth in
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the cities of Poland [6]. Therefore, the public sector should adapt to the new circumstances and needs
generated by this process, adopting an effective spatial policy. Since urban sprawl is a phenomenon
that goes beyond one commune, regional and central government entities also play an important role
in its coordination. As part of their spatial policy, the instruments used should consider the issues of
urban sprawl. An important element for efficient space management is, however, a clear indication
of the extent of the impact of urban sprawl [7,8]. It is necessary to make a scientifically satisfactory
delimitation specifying the occurrence of the phenomenon. This will allow spatial identification of,
and further intervention in the activities of, the areas covered by the analyzed phenomenon.
The aim of this study is to propose a method of urban sprawl risk delimitation, and the empirical
examples are the most important Polish cities—regional capitals. The proposed method of delimitation
captures the specificity of the process and state of urban sprawl. The delimitations functioning in Polish
spatial planning policy do not fully reflect the issues of spontaneous urban sprawl. Existing variations
in conceptual and methodological delimitation do not classify urban sprawl. Nevertheless, the article
discusses the delimitation of urban sprawl against the background of the delimitation of functional
urban areas (FUAs) and integrated territorial investment (ITI) already occurring in the literature.
The justifications for taking up this subject are the equally dynamic spatial changes occurring in Poland,
generating the need for discussion on the methodology of delimitation of urban sprawl around large
cities, which will allow for the formulation and implementation of active spatial policy going beyond
the administrative boundaries of one commune.
2. Current State of Knowledge
From the point of view of the issue of delimitation, urban sprawl in the first place requires
reflection, necessary to discuss the specificity of urban sprawl as a spatial phenomenon. It is then
possible to discuss the delimitation of this phenomenon. This is also the order in which the content is
presented in this paper.
Urban sprawl is a term which was introduced into science in 1937 by E. Draper during an
urban conference in the United States [9,10]. Since then, the term has spread to many disciplines,
but without the effect of a common and agreed definition [11–15]. This is due to the phenomenon
being different in many countries. It describes diversity in the specificity of the spatial structure,
its dynamics, and socio-economic and environmental consequences [16–19]. Galster et al. [20] criticize
the terminological ambiguity of urban sprawl, indicating that much of the literature is “lost in the
semantic wilderness”, and the term is so vague in definition that some researchers admit that “they
recognize sprawl when they see it”. Bhatta [21] (p. 8) notes that there are discussions in the literature
on urban sprawl even without any description that approximates the essence of this issue.
In the presented study, urban sprawl was defined on the basis of the achievements of Galster et
al. [20], Arribas-Bel, Nijkamp and Scholten, [22] and Perrsky and Wiewel [23]. In the context of this
literature, urban sprawl is a chaotic change in the spatial structure of suburban communes, which arose
as a result of the intensification of suburbanization, with a low degree of control of these processes on
the part of spatial policy. Urban sprawl can be treated both statically as a way of developing space,
that is, the specific spatial configuration of the urban area at a given moment; and as a process, i.e.,
change in the spatial structure of the urban area over time.
The static approach makes it possible to understand the spatial distribution of buildings at the
adopted moment in the studied area. In the literature, the characteristics of urban sprawl presented by
Galster et al. [20] are highly recognized [22,24]. In this approach, urban sprawl is a space structure that
is characterized by:
•
•
•
•

low building density;
lack of spatial continuity between existing buildings;
lack of concentration of buildings in a relatively small area;
no grouping of buildings into compact settlements;
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spatial decentralization associated with large building distances from the city center;
polynuclearity reflecting the multitude of settlements;
lack of functional differentiation of land use;
lack of proximity, i.e., proximity of functionally different types of land.

The dynamic approach makes it possible to understand the changes taking place in the space of
suburban communes due to the intensification of suburbanization. The dynamics of urban sprawl
can be explained from the point of view of the theory of spatial growth of the urban area. According
to Herold et al. [25] the expansion of the urban area begins with a core that spreads to new, single,
non-adjacent settlements. Further development and continuation of the spatial evolution of the urban
area is associated with the development of areas between settlements, and thus combining the structure
of space into a more compact and spatially continuous development. This diagram suggests that
certain parts of the urban area may undergo an expansion phase before eventually forming a compact
spatial structure that can no longer be characterized as disordered. However, from this point of view,
determining the place, time and form of urban sprawl becomes ambiguous. Therefore, urban sprawl
cannot be characterized as a process without first considering its state. Rather, urban sprawl should be
considered in the light of successive states of spatial structure over a period of time. Only an assessment
of the direction of changes in the structure of space reveals positively valued spatial development or
negative transformations.
Consideration of urban sprawl as a dynamic process complicates its identification, due to the need
to adopt an appropriate territorial scale. This refers to considering the geographical scope of the process,
which shifts outwardly from the core at different times. Generally, in empirical research on urban sprawl,
previously eliminated metropolitan areas functioning in the real sphere are considered [26–28]. It should
be noted that metropolitan areas are convenient for researchers, due to the availability of appropriately
aggregated data, but at the same time show the shortcomings of overestimating or underestimating
the range of urban sprawl discussed in the literature. The revaluation eliminates the risk of adopting
the phenomenon boundary too narrowly. On the other hand, including peripheral municipalities
may slightly disturb the assessment [29–32]. There are, therefore, in research, arbitrary approaches
to the adoption of boundaries that go beyond the urbanized area at a heuristically determined
distance to attempt to capture the phenomenon. Such an approach may, however, ignore places
beyond the arbitrary demarcation line, which are sufficient from the urban sprawl point of view;
i.e., they show satisfactory functional connections with the core and the associated space changes.
Therefore, the research should adopt a territorially appropriate delimitation method based on indicators
demonstrating the occurrence of urban sprawl. On the other hand, the evaluation of indicators (i.e.,
determining the qualifying level) may take place by means of heuristic methods due to the territorial
diversity and regional specificity of the process (e.g., the monocentric or polycentric nature of a
metropolis; the number of centers in a polycentric system; terrain; occurrence of water reservoirs;
time and costs of travel to the core city; historical background of settlement; etc.) [33].
In Poland, in the years 1964, 1969, 1971, 1972, 1980, 1989, 2005, 2007 and 2009, a number of
delimitations of metropolitan areas as well as metropolitan and urban-industrial agglomerations
occurred [34–42]. Originally, in the 1960s, analysis was mainly based on population density, and in the
1970s, it was clearly expanded to include housing conditions, a change in the number of inhabitants,
employment outside agriculture, permanent migration and commuting. In the 1990s, research also
included the structure of business entities and entrepreneurship, as well as gravitational aspects.
Along with the improving statistics available after 2000, the criteria of spatial accessibility (i.e., travel
time and commuting to schools) were an additional supplement.
In the literature on delimitation, Ratzel was one of the first to separate areas where identical
phenomena occur. He was the precursor of the theory of the occurrence of the core in agglomeration as
well as suburban and peripheral areas [43]. Hoover wrote about problem areas in the 1940s. In his work,
areas of overly high concentration and development were indicated: backward and retreating [44].
The delimitation proposed by Alonso and Friedmann is also significant, indicating the spaces in which
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developmental processes/slowdowns and their associated core areas occur [45]. They distinguished
a core with significant development potential closely related to development axes embedded along
major communication routes (formed between core areas). They also indicated the boundary space
(currently, we include suburbs) and depressive space/region (area of depopulation, stagnation of
economic development). In addition, various delimitations or classifications of areas/regions according
to their functions, changes, development/growth, generated problems, etc., have been carried out over
the years. Compare, among others, [46–58].
Therefore, experience in the field of delimitation methodology in Poland and in the world has
a long history and rich achievements [59–64]. Despite this, due to individual assumptions and the
choice of indicators and criteria, these delimitations are usually incomparable with each other [65].
Similar conclusions can be found in the literature. Goerlich et al. [66] concludes that urban delimitation
remains a challenge and that no standardized method has been developed. Liang et al. [67] comes to
similar conclusions making a broad review of literature on delimitation. Therefore, in the context of the
delimitation of urban sprawl, Tellier and Gelb [68] indicate that the development of one mathematical
tool remains as an unreachable dream for most researchers.
In research on both the delimitation and spatial specificity of urban sprawl, the most commonly
used measure in the literature is density and its changes, regarding development, housing, employment,
services, etc. [29,32,69–73]. When reviewing methodological approaches in Poland, Pienia˛żek and
Rogalińska [74] emphasize that there is a gap in the comprehensive approach in the field of urban
sprawl. Pienia˛żek and Rogalińska [74] emphasize that in Polish conditions (i.e., using statistical
data available in official statistics) delimitation is currently limited to population processes related to
migration processes, changes in the state and structure of the population, and building growth.
From the point of view of Polish spatial planning policy attempts to influence urban sprawl,
two separately applicable delimitations are important: functional urban areas of regional capitals
(FUAs) and integrated territorial investment (ITI). The FUA delimitation was prepared for the needs of
a governmental document: the National Spatial Development Concept 2030 (NSDC 2030), which is the
most important national strategic document on Poland’s spatial development. The document draws
attention to Objective 6. Restoring and consolidating spatial order, which, among other things, focuses
on building a spatial planning system of functional areas to prevent negative effects of urban sprawl.
FUA delimitation is based on seven indicators reflecting functional connections, and socio-economic
and morphological features:
1.
2.
3.
4.
5.
6.
7.

Leaving for work to the FUA core;
Migration (registration) from the FUA core;
Share of persons employed in non-agricultural occupations;
Intensity of economic entities (in relation to the population);
Share of business entities belonging to higher-order services in the total number of entities;
Population density (excluding forests and waters);
Newly built housing in relation to the population.

A necessary condition was to meet six of the seven indicators listed. Meeting the criterion meant
reaching threshold values that were set arbitrarily. The authors notice that setting thresholds is
subjective. However, in the light of the previously cited literature, some discretion in this respect can
be considered justified [58]. On the other hand, the ITI delimitation was to provide conditions for a
partnership model of cooperation between local government units in spending EU funds. It refers to
investments—especially infrastructural ones—whose scope goes beyond the borders of one commune.
The ITI delimitation procedure was based on several relatively different formulas, i.e., based on:
1.
2.

Recommendations of the Ministry of Regional Development of Poland (the FUAs of these cities:
Białystok, Gorzów Wielkopolski, Lublin, Olsztyn, Rzeszów, Zielona Góra and Wrocław);
Strategic studies of regions (the FUAs of the Central Subregion and Łódź);
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Prior cooperation of communes (the FUAs of Trójmiasto, Poznań and Szczecin);
Expertise (the FUAs of Bydgosko-Toruński and Kielce);
The decision of the ITI association (the FUAs of Kraków, Opole and Warszawa).

Therefore, it seems that for the effectiveness of spatial planning policy and scientific research,
an attempt to delimitate urban sprawl in Poland should be made. Verification of the territorial scope of
the delimitation of FUA and ITI is justified by the previously mentioned problem of underestimation,
which may result in non-intervention by peripheral communes. These are communes which, on the one
hand, are particularly exposed to the negative effects of urban sprawl, and on the other, their current
state of development allows for limiting the chaotic location of buildings.
The theoretical framework for the urban sprawl delimitation procedure can be found in the
so-called Urban Metric System (the UMS). The UMS is embedded in the rich theoretical achievements
of spatial planning, starting from the concept of von Thünen. Since the mid-1980s, the UMS has been
developed by L.-N. Tellier [75–79]. Tellier, based on the achievements of von Thünen and Weber,
formulated the problem of attraction–repulsion. It should also be noted here that Ottaviano and
Thisse [80] define the problem of attraction and repulsion forces as the foundation of the New Economic
Geography proposed by Krugman in the 1990s. The problem of attraction and repulsion forces boils
down to finding, in the geographical space, the optimal location of point D relative to the triangle of
points A1, A2 (Attraction) and R (Repulsion). Optimality is understood as equating the weight of the
repulsive force generated by R with the weight of the attractive forces exerted by A1 and A2. In the
years 2017–2018, Tellier proposed the final UMS model, which allows mathematical delimitation of
urban sprawl using the spatial distribution of residents and jobs. In the assumptions of the model [68],
every household and business entity in each zone of the urban area is characterized by equally high
preferences for a location in the city center. Because not all entities can take a location in the city center,
for spatial and financial reasons (business entities are willing to pay a higher price for a central location
than households), each entity is forced to consider a different, external location. This location, however,
shows varying costs of transport to the city center, which has the largest share of jobs. Increasing
transport costs along with the distance affect both the reduction of land prices and prices of residential
buildings. Thus, from the point of view of real estate prices, the city center exerts a repulsive force
on individuals, and suburbs an attracting force. The urban sprawl delimitation is therefore the result
of the interaction of attractive and repulsive forces, and ultimately the units are located where the
net result of attractive and repulsive forces is zero. The boundary of the urban area is determined
by the “zero resultant radius”, that is, the distance at which the repulsive effect starts to exceed the
attractive factors.
3. Materials and Methods
The starting point for the proposed method of delimitation is the cited definition of urban sprawl,
i.e., “chaotic changes in the spatial structure of suburban communes resulting from the intensification
of suburbanization, with a low degree of control of these processes on the part of spatial policy.”
This definition reveals the necessity to measure the spatial structure, but also the causes of the
phenomenon, related to migration processes and spatial policy. The latter, indicating the reasons, can be
the basis for signaling the process. They do not ultimately determine whether this phenomenon actually
occurs, because it requires the identification of the spatial structure but may indicate delimitation.
At the same time, the question arises about the communes that should be examined (i.e., how far from
the core city to reach in the study).
Considering the above, two stages of delimitation were adopted: the first setting the maximum
range of research; the second within the designated range are studies on the possibility of urban sprawl.
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3.1. The Maximum Research Range
The first stage includes two basic conditions. The first condition concerns the need to indicate the
communes surrounding the city core based on the radius. A radius was proposed which does not refer
to a straight line (e.g., 10 km, 20 km, etc.) as sometimes can be found in separate studies [68,81], but one
which is determined by the availability of time [82]. It was assumed that communes should be located
within an hourly reach of the core city, which was determined on the basis of Google Maps’ tools,
by reading the travel time between the commune and the core city’s borders. Jobs have been adopted
as attracting forces to the city. On the other hand, the effect that repels people from the city and attracts
to the suburbs is the preference of households, which are materialized in a suburban location. On the
other hand, the hourly equivalent cost of traveling by car to the city limits was assumed as a repulsive
effect from suburbs. Assuming a passenger car depreciation rate of 0.8358 PLN/km [Regulation of
the Minister of Transport 2007], daily hourly journeys to the borders of the core city absorb about
50% of the average salary. Individual calculations were carried out for each of the analyzed urban
areas. Thus, the travel time was assumed to be zero resultant radius. It should be noted that the
time and value of travel to work inside the city, which would de facto raise the 50% threshold due to
congestion and the generally significant size of the core city, were not taken into account. The second
group of assumptions are that as part of the city’s spreading processes, suburban buildings may
develop in the absence of commuting to the city. These are residents employed locally or conducting
local business activities. In this situation, flows between the municipalities of the external zone are
identified. However, the inhabitants still express their preferences for being influenced by the city’s
socio-economic power.
3.2. Urban Sprawl Possibility
The starting point for the second stage is the area defined by the zero-resultant radius. In this area,
a research procedure was carried out, the results of which indicates the possibility of urban sprawl.
The final result of delimitation understood in this way is a set of communes that are common to both
discussed stages of designation of research areas. In the second stage, the definition of urban sprawl
was used. The subject of methodological operationalization is, therefore, the selection of variables for
three groups: settlement structure, migration processes, and spatial policy efficiency. These will be
discussed later.
For describing the characteristics of the variables, the measures of state and dynamics used in the
assessment of communes should be explained. These measures are a suggestion of mathematical tools,
instead of arbitrarily setting thresholds for identifying urban sprawl. A moving average [S(n,k) ] was
proposed to capture the state of the phenomenon. The moving average using historical data determines
the main trend. The moving average value is a smoothing over time of input data changes, (i.e., filtering
random movements of the values of the examined features). However, to capture the dynamics of
urban sprawl, the so-called chain dynamics index [IG ] is employed. Using this index, which is a
measure of the dynamics of the time series, the degree of changes in the level of the phenomenon of
urban sprawl in relation to the previous period is indicated. The index is equal to one when the level
of the phenomenon is the same in both periods. The interpretation indicates that its value is assessed
based on the relation to number 1, where the numbers show the dynamics of the examined process:
numbers > 1 show an increase; numbers = 1 show stagnation; while numbers < 1 show a fall. It is
assumed that the process occurs when the index > 1, and the higher the index value above 1, the more
clearly identifiable the process is. However, if the index < 1, then the opposite process occurs.
3.2.1. Settlement Structure
Reverting back to explaining the selection of variables, first of all, attention is paid to the assessment
of the settlement structure, which refers to a fragment of the definition of “The process of chaotic
changes in the spatial structure of suburban communes...”. Therefore, the following were proposed
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as variables: (1) new buildings completed; (2) number of apartments per 1k residents. The selection
of variables results from the features of space development processes that accompany urban sprawl.
Schneider and Woodcock [83] identify changes in space development use, including, among others,
in the spatial extent of urban areas and new urban land indicators. Their research is primarily
on new construction investments in metropolitan areas, with particular emphasis on residential
developments. Thus, variable new buildings completed is a feature that reflects the total construction
activity. Increasing values of IG > 1; S(n,k) > 0 signal urban sprawl. On the other hand, the number of
flats per 1k residents reflects the number of all inhabited and uninhabited housing units on the market
(i.e., buildings dedicated to both indigenous and incoming inhabitants of the commune). For this
variable, the values IG > 1 and S(n,k) > 0 indicate the possibility of urban sprawl.
3.2.2. Migration Processes
The second group of variables relates to migration processes and concerns a fragment of the
definition of “...as a result of the intensification of suburbanization...” (movement of people and
companies to the suburbs.) Two subgroups were proposed in this group of variables. The first
refers to households and distinguishes: (1) registrations from city; (2) balance of internal migration.
These variables are recognizable in the literature on the subject of urban sprawl delimitation. Heffner [84],
for the assessment of suburbanization processes of the population in Poland, uses, among other things,
the balance of migration and outflow from the city to the countryside, while jumping to the justification
of the study of these variables. The selection of variables in the proposed method within the first
subgroup involves the need to present both the causes of urban sprawl and the necessary condition
for this phenomenon: residents moving from cities to surrounding municipalities. Thus, the variable
related to registration allows for demonstrating a change in the place of residence and signals the
direction of relocation of residents, where the original place of residence of the person newly registered
in the commune could be the core city. The values of IG > 1 and S(n,k ) > 0 indicate that people
are moving to the communes surrounding the core city. The second variable—migratory—displays
changes resulting from migration in the population living in the studied areas. The values of indicators
IG > 1 and S(n,k) > 0 indicate that the commune is interested in both indigenous and core city households.
Low values of IG < 1, S(n,k) < 0 can be identified with the opposite process. The second subgroup
concerns economic activity and includes the number of newly registered business entities. It should
be clarified that the second subgroup refers to the assessment of spatial deconcentration of economic
activity as an urban sprawl factor. This measure complements the analysis of population migration
to the suburbs by observing the shift in economic activity to suburbs [9,85–88]. The combination
of both subgroups of indicators is important to capture the spread of the city to suburban areas,
due to the spatial decentralization of urban functions over time [89,90]. Thus, the proposed variable is
closely related to the changes occurring in the local economy in connection with the movement of the
population and should be considered especially in the context of the increasing or decreasing demand
for goods and services and the supply of jobs. The rank of the indicator is also raised by the fact that
market conditions are the final regulator of local changes, because a larger number of inhabitants
triggers a higher demand for goods and services, and thus for the creation of new business entities.
Therefore, the values of the indicators IG > 1 and S(n,k) > 0 demonstrate the possibility of urban sprawl.
3.2.3. Spatial Policy Efficiency
The third group of variables concerns the efficiency of spatial policy and refers to the fragment of
the quoted definition: “...with a low degree of control on the part of spatial policy.” For this group
of variables the following were proposed: (1) administrative decisions on construction conditions;
(2) coverage of local spatial development plans (LSDP) as a share of the commune area with plans.
The lack of efficiency of public authorities in space management is emphasized in the cited definition,
but also in other studies cited in the first chapter related to the spontaneity of spatial processes. In the
context of the process under consideration, however, there are no records in the literature measuring
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this performance. This is due to the historical and territorial context of the phenomenon, and therefore
the differences between the Polish and the global specificity. That is why unique indicators were
proposed. One variable, administrative decisions on construction conditions (single and multi-family
housing, services and associated buildings), indicates urbanization pressure in space. Because these
decisions are issued in the absence of spatial plans, it can also be an expression of the low effectiveness
of spatial policies designing and implementing local spatial development plans. However, the issuing
decisions on building conditions are legal, but they are usually accompanied by chaos in spatial
development [91,92]. Therefore, the values of indicators IG > 1 and S(n,k) > 0 signal the possibility of
urban sprawl. As regards the local spatial development plan, it can be assumed that the high share
of local plan coverage demonstrates efficient and thoughtful spatial policy. Therefore, the values of
indicators IG > 1 and S(n,k) > 50 demonstrate to the control of spatial processes, and therefore the
low level of probability of chaotically spatial processes in the commune. For the values of indicators
IG < 1 and S(n,k) < 50 it was assumed that there are favorable circumstances for the occurrence of
spontaneous location.
3.2.4. Data, Techniques and Criteria Used
The above variables were calculated on the basis of the statistical data of the Central Statistical
Office of Poland for the periods indicated in Table 1. In addition, correlation analyzes were carried
out within three groups (e.g., var.1 with var.2). On the other hand, no correlation was analyzed in
the entire set (e.g., var.1 with var.4) for substantive reasons; i.e., they represent separate definitions of
characteristics. Correlation coefficients were satisfactory.
Table 1. Time range of selected variables.

1.
2.
3.
4.
5.
6.
7.

Variable

Period

New buildings completed
Number of apartments per 1k residents
Registrations from city
Balance of internal migration
Newly registered business entities
Administrative decisions on constructions conditions
Coverage of LSDP

2009–2016
2003–2014
1995–2016
1995–2016
2009–2016
2009–2016
2009–2016

The next step of delimitation was the construction of a synthetic index signaling the possibility of
spontaneous urban spread for each of the communes separately. In this case, a common scale was
proposed, giving comparability of different indicators. To this end, histograms were developed for all
indicators, together with the adoption of the minimum and maximum interval value and its assessment
(from 1 to 5). Benford analysis based on the Audit Command Language (ACL) software was used
to analyze the indicators. The applied statistical module (ACL) allowed for the assessment of the
number of occurrences of each leading digit or combination of numbers in the data set and comparison
with the actual count in relation to the expected count [93]. Weights were developed for individual
indicators (Table 2), which were established in a group of ten experts representing the specialization in
economics, socio-economic geography and statistics.
The synthetic index was calculated separately for chain dynamics indices and separately for the
moving average as the sum of weighted indices. The interpretation of urban sprawl dynamics on the
basis of a synthetic index for the chain dynamics index indicates that, when IG is in the range (0,1),
the process of urban sprawl can be identified. On the other hand, when IG > 1, the process can be seen
to a significant degree. With the increase of IG relative to the value of 1, this process intensifies very
dynamically. In turn, the interpretation of the phenomenon level based on the synthetic index for the
moving average indicates that when S(n,k) is in the range (−1.5,1) the phenomenon can be identified,
but at a low level. However, when S(n,k) > 1, this phenomenon can be seen to a significant extent.
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With the increase of S(n,k) relative to the value of 1, the level of the phenomenon is growing dynamically.
It was assumed that if the value of one of the indicators is greater than one, then the commune was
included in those at risk of urban sprawl and should be included in delimitation.
Table 2. Weights for indicators of communes’ selection.
Variable

IG

S(n,k)

1. New buildings completed
0.2
0.2
2. Number of apartments per 1k residents
0.1
0.1
3. Registrations from city
0.2
0.2
Balance
internal migration
0.3
0.3
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The proposed delimitation of urban sprawl risk generally extends beyond FUA and ITI. A
certain exception is the broader delimitation of the FUA of the Central Subregion and the scope of
the ITI (Figure 2). This fact is related to the functioning of the Upper Silesian Metropolitan Union,
whose metropolitan core is created by 13 cities with province rights, i.e., Bytom, Chorzów, Dąbrowa
Górnicza, Gliwice, Katowice, Mysłowice, Piekary Śląskie, Ruda Śląska, Siemianowice Śląskie,
Sosnowiec, Świętochłowice, Tychy, Zabrze (Jaworzno with USMU in Jan. 2017). From the north,
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The proposed delimitation presented in Figure 1 is presented against the background of the two
mentioned delimitations of FUA and ITI. The FUA delimitation includes 299 communes (266 in the
external zone), while in the case of ITI it is 348 communes [94].
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length of construction and service of linear infrastructure). Therefore, it can be concluded that studies
based on the available MOF or ITI delimitations are likely to underestimate, and thus not show real
losses related to urban issues incurred by their residents. An example is the Warsaw Functional Area,
in which as many as 28 communes in suburbs are at risk of urban sprawl, which were not qualified
in the delimitation of FUA and ITI.
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delimitation is justified both by the spatial and social specificity of urban sprawl and the possibility
of instrumental impact on the causes and effects of urban sprawl. It is in the municipalities that are
moved out of the core of the functional area that the costs associated with the uncontrolled expansion
of buildings increase (e.g., low density of buildings resulting in greater length of construction and
service of linear infrastructure). Therefore, it can be concluded that studies based on the available
MOF or ITI delimitations are likely to underestimate, and thus not show real losses related to urban
issues incurred by their residents. An example is the Warsaw Functional Area, in which as many as
28 communes in suburbs are at risk of urban sprawl, which were not qualified in the delimitation of
FUA and ITI.
It should also be noted that the ITI delimitation was based on a method differentiated between
urban areas. In addition, it was expanded territorially during negotiations with the Ministry by
49 communes (of which the largest changes took place in the case of MOF Central Subregion,
an additional 27 communes were indicated). However, the ITI delimitation did not fully utilize,
among other things, information on: spatial planning issues (structure of use; land development;
planning documentation); technical infrastructure (local, regional, and national roads; public transport
networks); housing resources; and balances of internal and foreign migration.
The quoted delimitations played an important role in managing the spatial structure of the
functional area. Undoubtedly, they supported the process of implementing spatial policy and a number
of actions aimed at reducing disparities in socio-economic development. However, in none of the cases
mentioned above was such a specialized delimitation devoted to the issue of urban sprawl which
occurred. Such a delimitation would take into account more precisely the chaotic changes in the spatial
structure of suburban communes, which arose as a result of the intensification of suburbanization,
with a low degree of control of these processes on the part of spatial policy.
The proposed method precisely supports the determination of the range of urban sprawl risk.
The areas determined in this way may be covered by appropriate public intervention resulting from
the spatial policy adapted to current needs. The postulated delimitation is characterized by significant
sensitivity, resulting from the selection of research features and individual stages of the procedure,
which translates into the possibility of expanded analysis and determination of marginal areas located
furthest from the metropolitan core in which urban sprawl processes occur. Inhabitants of these
areas bear the highest costs of urban sprawl. Various conflicts, including social, economic, spatial,
etc., are also concentrated in the outer metropolitan areas [95,96]. They are also often the areas of
relatively greatest development. In addition, if intervention spatial policy is launched in these areas
at the right time, improvement or preservation of the undisturbed spatial structure can be expected.
Metropolitan space as a result of development becomes an image of the functional system of the core
center. This system, however, is subject to uninterrupted changes, including an increase in the intensity
of land use inside and outside the core city by a given function, introducing new (complementary or
competitive) functions or successions of functions.
An example of the practical application of the postulated method can be the use of the method of
urban sprawl risk assessment in the Cracow Metropolitan Area (southern Poland) [97]. The application
of the proposed method enabled the presentation of conditions and dependencies in individual
territorial units in the CMA as well as the course of the phenomenon’s spreading or regression.
Chain indicators calculated for the entire CMA space gave a real picture of the urban sprawl risk
process. The study uses data on: settlement structure (share of built-up and urbanized areas in the
total area; population density of settlement areas; share of residential areas; housing growth per 1k
residents; buildings legally completed for use per 1k residents); migration (balance of migration;
registration from a city in the countryside); efficiency of spatial policy (planning coverage; expenses
for the implementation of local plans, incurred and forecast; income derived from the local plan, i.e.,
planning rent; real estate tax; tax on civil law transactions; the number of administrative decisions and
their structure per 10k residents); business entities (newly registered entities in the areas of agriculture
and forestry, industry and construction; number of business entities per 1k residents of working age)
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and households (costs of commuting and return from work; costs of lost time). Used substitutes
identified low-controlled transformations, based on implemented spatial policy, and suburbanization
processes in the spatial structures of the examined municipalities of the metropolitan area. Taking into
account the above methodological findings, a real-life urban sprawl process was presented for the
CMA. Using the calculated indicators of the chain dynamics of variables representing the phenomenon,
a final, aggregated indicator of the range of urban sprawl risk was generated (more on this subject in the
study Urban or the Expansion of the Metropolitan Core? Analysis of the Cracow Metropolitan Area).
5. Discussion
The main discussion relates to the comparison of three delimitations. Nevertheless, FUA and ITI
are designed to solve many problems, not just limiting urban sprawl. Therefore, the question may
arise: is the mere fact of urban sprawl sufficient to change the boundaries of FUA or ITI? The method
of determining the delimitation functioning in Polish spatial policy took little account of the processes
of urban growth. At the same time, the overarching government document in Polish spatial policy
NSDC 2030 adopts an objective of preventing urban sprawl. Thus, using the instruments (legal, fiscal,
investments) for implementing spatial policy, they can be addressed to an area limited by FUA or
ITI delimitations. Given that authors’ delimitation generally goes beyond FUA and ITI delimitation,
external areas that are particularly important may therefore be omitted. Intervention in these areas is,
however, important, because they are built with indigenous buildings, which are dense. New houses,
still few, are being built in agricultural areas away from the indigenous buildings, causing a loss of
cohesion of the spatial structure of the commune. This distance forces local authorities to finance
extensive infrastructure, which is most often quoted at the expense of urban sprawl. Therefore,
the ambition of the authors’ concerning delimitation is not to create a method replacing the existing
ones, but to propose a parallel delimitation that could function alongside the existing ones and be used
for actions of public authorities addressed specifically to control urban sprawl.
The developed methodology for delimiting areas under urban sprawl risk is characterized by
significant flexibility in the use of input data as well as its application in specific planning systems.
Undoubtedly, access to statistical information in the field of analysis of the lowest level spatial structure,
migration or functioning of economic entities will not be a problem for researchers who want to use
this method. When specifying the indicated universality or usability of the analyzed methodology,
two issues should be noted. Firstly, it is a method insensitive to spatial, economic or social conditions
observed in diversified spaces, and, secondly, it seems to be realistic to use it to support any local
spatial policy. The characterized method has been extensively tested in Polish conditions; it was tested
in all public administration units at the lowest level, NUTS5.
The authors also see the possibility of using the method in reference to other countries.
This possibility results from the assessment of selected European planning systems. According
to the current division of planning systems, there are six similar forms of spatial planning (i.e., in British,
German, Napoleonic, Scandinavian and Central and Eastern European countries), as widely described
by Newman and Thronley [98]. From a methodological point of view, the standards in these systems
are significant, existing independently of the adopted planning systems. Thanks to this, it will be
possible to collect information on space on the one hand, and on the other, a space will be created
to use this delimitation. Generalizing, in accordance with the standards of planning procedures,
existing land use is subject to legal protection, appropriate verification and positive assessment by the
local authority. In all discussed planning systems, an individualized spatial policy is implemented in
which the lowest-level administration units have planning authority. In all forms of spatial planning,
final planning decisions are to generate optimal solutions serving the interests of the general public and
the interests of the individual. An important aspect, in the light of the discussed method, is the fact that
in the planning studies of the indicated systems, local development conditions are precisely determined,
and in certain cases it is possible to introduce changes in these documents. It is also permissible in
special cases for buildings or land development not to be specified in spatial development plans.
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It is obvious that there are significant differences between planning systems. A great example is the
relation between the Germanic system, with systematized, ready-made planning solutions, and the
Anglo-Saxon system, in which clear flexibility dominates in the final setting of planning solutions.
All countries implementing the discussed forms of spatial planning as the main goal of their
activities include rationality of space management and prevention of urban sprawl process. The British
system (England, Wales, Scotland and Ireland) uses in the process of space management a document
enabling activities in space called: Planning Permission Issued by Districts and Unitary Authorities.
The Germanic system (Germany, Switzerland, Austria and, partly, Eastern Europe, e.g., Poland),
at the commune level, uses the land use plan (ger. Flächennutzungsplan; in Poland it is the Study of
the Conditions and Directions of the Spatial Development of the Commune) and the development
plan (ger. Bebaunsplan; in Poland, the Local Spatial Development Plan). The Napoleonic system is
used in a significant number of European countries (i.e., France, Luxembourg, the Netherlands, Italy,
Portugal, Belgium, Spain and Greece). It is a system in which priority is given by law, on the basis of
which detailed legal norms are established, and rules in the field of spatial planning are determined
comprehensively. The local level is required by law to have spatial planning acts, but there is no explicit
level of accuracy for these studies. For example, in the spatial planning system in Spain, despite the
established core of planning for individual autonomies, there is no obligation to agree the planning
documentation between neighboring municipalities. In contrast, the Scandinavian system (Denmark,
Sweden, Norway and Finland), based on transparent, low-complexity legislation, draws in different
proportions from the Napoleonic and Germanic systems. For example, in Sweden, conducting spatial
policy was based on the development of comprehensive plans (oversiktsplaner) and, at the local level,
detailed spatial development plans (retail plan) and “spatial development conditions of the area”.
It is worth emphasizing that the local (bottom-up) level is the most important element in Sweden’s
planning system.
Referring to the proposed method of delimitation to functioning planning systems, it can be
concluded that its application is possible in various European countries because all the indicated
countries implement spatial policy at the local level using appropriate factual planning documentation.
Furthermore, the methodology being analyzed can directly retrieve the necessary data from the local
planning system, and then the system can be appropriately modified to reduce unwanted phenomena
in space.
6. Conclusions
The proposed delimitation is based on two key stages. The first allows determining the maximum
range of research, and the second stage involves assessing the probability of urban sprawl. An important
assumption of the first stage is to focus research on communes located within the assumed radius.
This radius was proposed based on real time accessibility to the core city as the main area of
employment concentration. The feasibility of accessibility results from taking into account the real
route and congestion in the study. The second stage of the delimitation proposal, on the other hand,
takes into account the range of variables directly referring to the specificity of urban sprawl. Hence,
the subjects of methodological operationalization were variables grouped into three areas: settlement
structure, migration processes, and spatial policy efficiency. In conclusion, we can point to several
strengths of the method and to its limitations. The framework of such a method may determine the
possibility of its use in the delimitation of urban sprawl risk in countries other than Poland. Therefore,
the strengths include:
-

universality of the method—caused by the inclusion of statistical data that is collected in most
countries. In addition, the methodology is not complicated in the field of computational work,
which allows it to be used also by public administration employees dealing with the issues
of broadly understood spatial management. The method makes it possible to determine the
phenomenon within the administrative boundaries of the unit, giving the opportunity to modify,
for example, local spatial policy threatened by the phenomenon of urban sprawl. Furthermore,
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it can be useful when determining integrated development strategies, e.g., for metropolitan areas,
in the field of comprehensive assessment of occurring phenomena in space.
the use of medium-term indexes of chain dynamics and a moving average—enabling “smoothing”
behavior in variable time. This allows for objective identification of the direction of changes and
assessment of the attributes assigned to urban sprawl.
considering the method the efficiency of spatial policy as a necessary condition for identifying
urban sprawl. Development processes take place in various spatial forms. Hence, some areas are
not built up, leaving empty spaces between developments. This creates an inconsistent spatial
structure attributed to urban sprawl. However, such a structure, when it is the implementation
of a plan, in which the next planned investments will fill the vacant areas, cannot be defined
as uncontrolled. In fact, it takes part in the planned process. On the other hand, a situation
may arise in which the same spatial structure was created as the sum of individual investments
carried out by various entities, in the absence of location coordination by public authorities.
This is often the case in Poland in the absence of spatial plans in the commune. In this situation,
we are dealing with inefficient spatial policy, resulting in the creation of a spatial structure with
attributes connected to urban sprawl. Therefore, the strength of the proposed method is to take
into account the assessment of spatial policy efficiency in coordinating spatial development.
In addition, the method uses information contained in, among other things, planning documents,
and these are developed in a variety of planning systems, including the Germanic, Scandinavian,
Napoleonic and British systems.
However, among the limitations of the method we distinguish:

-

-

-

the use of data on migration from cities that do not clearly indicate the city from which the
population migrates. In the case of Poland, this problem is compounded by the polycentric
structure of Poland, where many capitals of the regions are located close to each other.
This phenomenon is particularly observed in the southern part of Poland. As a result, in
the case of communes remote from the city, we do not know exactly whether the migration is
from the capital of one or another nearby city. Therefore, this method limitation was tried to
be amortized by adopting the maximum range of the phenomenon (stage 1). It seems that the
application of the method to other countries with a polycentric structure of the country and small
distances between cities must obligatorily include setting the maximum range of research, while in
monocentric countries or those with large distances between cities, this stage may be optional.
the problem of spatial policy efficiency assessment. In the case of the proposed method,
data collected in Poland was used, while discussing that administrative decisions document
the lack of spatial policy, as they are issued in the absence of spatial plans in the commune.
The administrative decision is therefore individual to the investment and does not take into
account a coherent vision of territory development. Therefore, one cannot say that it is an
instrument of policy efficiency, which is why it was treated as a de-stimulant in this research.
However, an instrument of efficiency may be a spatial plan, and the higher the coverage of a
commune’s area with plans, the more coherent and thought out local spatial policy becomes.
Therefore, if the method is used in other countries, the approach to quantifying the efficiency of
spatial policy must be individually adopted.
the dominance of quantitative techniques, which in full implementation of research outside
Poland may not always result in correct evaluation. During the internationalization of the method,
the researcher will be forced to consider the specific local conditions of the studied country.

The practical significance of the presented research is expressed primarily in the usefulness of
the proposed delimitation for conducting spatial policy aimed at reducing the effects of urban sprawl.
The current delimitations functioning in Polish spatial policy are not satisfactory for counteracting
the spontaneous spread of buildings to suburbs and the effects of this process. In Polish spatial
policy, it is possible to designate threatened areas in urban sprawl in accordance with the applicable
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geographical and territorial division. Such delimitation must, however, honor the maximum territorial
scope of the phenomenon postulated in the research, in which uncoordinated changes in the settlement
structure occur as a result of socio-economic processes. Therefore, in regional planning and strategic
documentation, which formulates objectives related to counteracting urban sprawl, while pointing to
instruments for achieving such goals, it is necessary to specify the extent of spontaneous expansion of
buildings, and the proposed methodology may be used here. The suggested system reorganization
should also find application in nationwide studies (i.e., the NSDC 2030).
The research also encourages the formulation of recommendations for Polish spatial policy.
It seems justified to redefine the areas of current support for municipalities around large cities. On the
one hand, the current FUA borders in the implementation of ITIs do not limit the areas that require
support through cooperation mechanisms guaranteeing the implementation of joint, valuable projects.
On the other hand, the broader territorial proposal for the delimitation of urban sprawl makes it
possible to designate an area where the potential use of FUA and ITI instruments could result in the
creation of spatially and functionally coherent urban areas.
Taking into account other practical aspects of the study, there is a need for legislative changes
in the field of official statistics and institutions collecting spatial data. The changes should take into
account the extension of the scope of collection of detailed statistical data, reflecting spatial processes
and synchronization of public statistics with separate spatial databases operating in Poland. The next
stage is widespread availability in public statistics of synchronized building data, e.g., in the form of
GRID (a form of space mapping in GIS).
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Śleszyński, P. Delimitacja Miejskich Obszarów Funkcjonalnych stolic województw. Przeglad
˛ Geogr. 2013,
85, 173–197. [CrossRef]
Goerlich Gisbert, F.J.; Cantarino Martí, I.; Gielen, E. Clustering cities through urban metrics analysis.
J. Urban Design 2017, 22, 689–708. [CrossRef]
Liang, J.; Li, F.; Mao, L. Review of the methods of delimitation for the spatial scope of urban agglomeration.
In Proceedings of the 18th International Conference on Geoinformatics: GIScience in Change, Geoinformatics
2010, Beijing, China, 18–20 June 2010; pp. 18–20. [CrossRef]
Tellier, L.-N.; Gelb, J. An Urban Metric System based on space-economy: Foundations, and implementation.
Reg. Sci. Policy Pract. 2018, 10, 145–160. [CrossRef]
Knaap, G.J.; Song, Y.; Ewing, R.; Clifton, K. Seeing the Elephant: Multidisciplinary Measure
of Urban Sprawl. J. Plan. 2005, 1–46. Available online: https://pdfs.semanticscholar.org/7881/
d6145311eb3d2d64c333a4ffc6526df817d0.pdf (accessed on 5 February 2020).
Glaeser, E.L.; Kahn, M.E. Sprawl and Urban Growth; NBER Working Paper Series No. 9733; Harvard Institute
of Economic Research: Cambridge, MA, USA, 2003; Available online: http://www.econ.brown.edu/Faculty/
henderson/sprawl.pdf (accessed on 5 February 2020).
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