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A B S T R A C T   

Urban area definitions are commonly used worldwide to reflect countries’ urban population percentages. The 
measurements are based on local factors and differ widely across countries, making them non-comparable. This is 
well acknowledged among specialists; however, they are commonly used in everyday practice as universal 
measurements, and even compared with each other. The problem is that we do not know the degree of error in 
such comparisons. For this purpose, in the study presented here we analysed and categorised different European 
national urban area definitions, testing them in the case of Finland. Definitions from 27 European countries were 
divided into two main categories according to the end result areal unit of the definition and further into seven 
subcategories based on the criteria used. Thirteen different definitions in the case of Finland were tested using 
spatial analyses with GIS. The results indicate that urban population percentage varies widely according to 
different definitions, making their comparability infeasible. The difference is even greater in the case of urban 
area ratio and population densities of urban areas between the two main categories. The results prove that 
definitions based on LAU areas cannot illustrate urban areas and their densities coherently. In light of a literature 
review on certain relational urban area delineation methods and the case study, desirable characteristics for the 
delineation of urban areas were highlighted. Consequently, a constant, structured evaluation of urbanity mea
surements and their underlying logic is necessary to enable unambiguous discourse on urban area in urban 
sciences. The results could help in formulating the applicability of the concept of urban area in scientific and 
popular communication and media.   

1. Introduction 

Extensive urbanisation is a key challenge globally. Urban areas are 
responsible for the majority of pollution, services and industrial pro
duction and the key players in world trade and global economics. It has 
been estimated that by 2050 68% of the world’s population will be living 
in cities (UN, 2019e, p. 1), increasing the importance of urban areas 
excessively. A reasonably coherent definition of urban area is indis
pensable to enable comparison of certain urban indicators and to ach
ieve better planning and policymaking. 

Urban area definitions commonly applied, however, are determined 
separately by the respective countries. The United Nations (UN) has 
stated that each country is responsible for establishing measures for the 
local level of urbanisation (UN, 2017b, p. 188). The indicators for urban 
area and applied areal units are tacitly agreed and vary widely across 
countries (see e.g. Cohen, 2004, p. 25; UN, 2019b, pp. 120–125). The 

areal unit may consist of administrative units, grid, or building-based 
areal units, with other embedded variables (e.g. population, work
places, or ratio of agricultural workers). The figures based on national 
definitions, such as those presenting national urban population per
centages, are commonly applied in everyday use in a comparative 
manner. Such a practice disregards the professionals’ guidelines to 
refrain from comparison (Cohen, 2004, pp. 24–25; Satterthwaite, 2010, 
pp. 83–84). While accepting and promoting the use of national defini
tions, attempts have been made simultaneously to align European and 
global measures to achieve more coherent urban area definitions. These 
include, for example, the OECD Regional Typology (OECD, 2008, p. 4), 
the OECD Extended Regional Typology (Brezzi et al., 2011), the 
Urban-rural Typology (Eurostat, 2010, p. 240) and the 
DEGURBA-method (Degree of Urbanisation) (EC et al., 2020a, p. 6, 9; EC 
et al., 2020b, p. 2, 5; Eurostat, n.d.a). 

Furthermore, the national definitions produce by default a dual 
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representation of reality: urban-rural. However, many urban scholars 
have recently suggested that such a dichotomy no longer reflects the 
real-world spatio-functional configurations. Instead, the boundary be
tween urban and rural is considered obscure or fuzzy, a gradient, or the 
urban and rural form a continuum (Champion and Hugo, 2004; Dymi
trow and Stenseke, 2016; Haase and Tötzer, 2012; López-Goyburu and 
Gonzaga García-Montero, 2018; Van Vliet et al., 2020; Wandl et al., 
2014). Yet the dichotomous reading of urbanity is commonly used, 
especially in demography (Hugo et al., 2003). For example, the UN 
population tables are based on this dichotomy and the U.S. Census Bu
reau defines everything that is not urban as rural (Ratcliffe et al., 2016, 
p. 1; UN, 2019a, 2019c). 

The fundamental question concerns the degree of error in comparing 
these national figures reflecting urbanisation, such as urban population 
percentages, resulting from the various measures. For the discourse 
concerning cities and their challenges, it would be crucial to arrive at a 
common understanding of what is meant by urban area in a quantitative 
sense along with the variety of the spectrum of measures. It is necessary 
to outline the spatial implications of these measurements, which in
dicators yield a certain percentage of “urban” environment: the concept 
of urban area needs clarification through a revision of the logic under
lying the myriads of measurements. Further it is important to ponder 
what characteristics the delineation methods for urban areas should 
possess. 

We therefore ask what kind of measurements European countries use 
in defining their urban areas as manifest in urban population percent
ages, and to what extent their interpretations of urban areas differ 
spatially and quantitatively. For this purpose, we compared urban area 
definitions across Europe against data from Finland to compare their 
variance. In addition, we ask what other possible approaches could be 
used to delineate urban areas. 

We first categorised the definitions of urban used in 27 European 
countries according to their measurement idiosyncrasies. Secondly, for a 
spatial comparison between these we applied the different measure
ments using data from Finland. We produced 13 different interpretations 
of urban areas which were scrutinised using spatial analytical methods 
along with statistical measurements. Urban population percentage, 
urban area ratio and population density of urban areas were calculated 
for all cases, and similarities, regularities and distinguishing features 
between the resulting patterns were compared. Finally, based on other 
explored urban area delineation methods and this case study, desirable 
characteristics for future guidelines are highlighted. 

2. Delineating urban areas and measuring urban population 

2.1. A framework of measuring urban population in Europe 

The quest to find universal measures for the level of urbanisation or 
to define urban areas is neither new nor contemporary, but dates back to 
the first half of the 20th century (see e.g. Arriaga, 1970; Bergel, 1955, 
pp. 3–14; Bogue, 1961; Gibbs, 1966; Wirth, 1938). Although cities and 
urban form have changed radically, breaking the traditional urban-rural 
dichotomy (see e.g. Brenner and Schmid, 2014; Champion and Hugo, 
2004; Price according to Shane, 2006, p. 56; Sieverts, 2003), the 
discourse and expectations have remained surprisingly similar. 

Soon after the founding of the United Nations, the Economic and 
Social Council established a Statistical Commission in 1946 (UN, 
1946a). The aim was to support the work of the Economic and Social 
Council and to promote ‘the development of national statistics and the 
improvement of their comparability’ and ‘the improvement of statistics 
and statistical methods generally’ (UN, 1946b, p. 398). As the only 
global organisation with a mandate from almost all the nations of the 
world, the UN is authorised to assess and evaluate how urban area 
definitions, urban population statistics and recommendations have been 
contemplated in UN documents. 

The first UN urban-rural population figures were published in the 

first United Nations Demographic Yearbook 1948 and annually from 
1967 (UN, 1949 [...] 2018). Right from the beginning these figures were 
based on the national definitions and the non-comparability of the fig
ures has been clearly stated. The UN considers that the respective 
countries have the best available knowledge of the local circumstances, 
making them the most reliable source of information regarding their 
urban area definitions (UN, 1973, p. 8, 1980a, p. 9, 2017b, p. 188). 

To improve international comparison, while avoiding pursuing a 
universal measure for urban and rural areas, the UN (1949a, pp. 170–171, 
1980b, p. 30) suggested that countries should report the tabulated pop
ulation figures by size classes of localities. Locality should be defined ‘as a 
distinct population cluster (also designated as inhabited place, populated 
centre, settlement and so forth) in which the inhabitants live in neigh
bouring or contiguous sets of living quarters, and that has a name or a 
locally recognised status’ (UN, 1958, p. 11, 2017b, p. 187). This indicator 
was never established in the annual procedure and was used only occa
sionally (UN, 1949 [...] 2018). Capitals and cities with populations over 
100,000 were first published in the Demographic Yearbook for 1952 and 
annually since 1965 (UN, 1949 [...] 2018). Like the urban area delinea
tion, they are dependent on the national definitions. 

Despite the variation between countries indicating that a single 
comprehensive urban area measure probably cannot provide a solution 
(UN, 1980b, p. 11, 2017b, p. 188), the discussion about an international 
definition continues (see e.g. EC et al., 2020a; EC et al., 2020b; UN, 
1949b, p. 6, 1980b, 2017a, p. 39). However, the UN refrains from pro
posing any universal criteria for definitions of urban areas for countries, 
providing only recommendations. 

In addition, the EU and the OECD have endeavoured to produce 
universal measures for urban areas. In the 1990s the OECD developed 
the OECD Regional Typology (OECD, 2008, p. 4). After the EU suggested 
some modifications to this, the method was further adopted by the EU in 
2010 as Urban-rural Typology (Eurostat, 2010, p. 240). In 2011 the 
OECD redefined their typology by adding a remoteness factor and call
ing it the OECD Extended Regional Typology (Brezzi et al., 2011). The 
EU and OECD also use the Degree of Urbanisation classification 
(DEGURBA) method (Eurostat, n.d.a). However, instead of classifying 
population data, this method has been used for other statistical pur
poses, such as economic indicators. 

These OECD and EU methods classify areas into urban, intermediate 
and rural. The problem with typologies producing three or more classes 
is their applicability for calculating the urban population percentage, 
which requires an earlier classification to urban and rural areas. Their 
scale of observation also determines their usage.1 Since the Regional 
Typology and the Urban-rural Typology are regional definitions, the 
results are inaccurate on a national level. Consequently, they have also 
been criticised for the omission of essential information on smaller areas 
and for non-comparable basic areal units: their sizes (km2) vary widely 
across countries (Dijkstra and Poelman, 2008, p. 3; Eurostat, 2010, p. 
240; Fertner, 2012). The DEGURBA method appears more suitable for 
application to smaller, municipality-level units. 

In 2016 the UN started co-operation with the EU Commission, OECD, 
ILO, FAO and the World Bank to evaluate the suitability of DEGURBA for 
global use. After testing, consultation and adjustment (EC et al., 2020b, 
pp. 23–24), DEGURBA is considered to provide a global definition of 
urban areas to enable global comparisons of certain indicators and to 
ensure higher-quality urban and rural statistics (EC et al., 2020a, p. 6, 9; 
EC et al., 2020b, p. 2, 5). However, it is intended to supplement the 

1 The original OECD Regional Typology is based on Local Administrative Unit 
2 -areas (LAU2) corresponding to municipalities or similar units (Eurostat, n.d. 
b), and further on Territorial Level 3 (TL3) (OECD, 2008, p. 4), which mostly 
corresponds, for example with provinces or regional councils (in Europe NUTS3 
level) (OECD, 2020, p. 3). The EU Urban-rural Typology is based on a 1 km grid 
and further on NUTS3 units, whereas DEGURBA is based on a 1 km grid and 
further on LAU areas (Eurostat, 2019, p. 2). 
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national definitions rather than replacing them (EC et al., 2020a, p. 9; EC 
et al., 2020b, p. 5). Regarding urban population, DEGURBA follows its 
predecessors, problematically comprehending three classes. 

The DEGURBA document states that the strength of the method is its 
reliance on the population grid (EC et al., 2020b, p. 2). This is correct if we 
settle for population residency as the only, and sufficient, measure for 
urban areas. However, we argue that urban is essentially a ‘place-based 
characteristic’, seeing urban areas as ‘a spatial concentration of people 
whose lives are organised around non-agricultural activities’ (Weeks, 
2010, p. 34). People’s lives are also multilocal and mobile for various 
reasons (see e.g. Hugo, 1982; Hugo et al., 2003; Weeks, 2010, p. 38). 
Therefore, instead of population alone, we should also pay attention to 
the characteristics of places (see e.g. Hugo et al., 2003; Wirth, 1938). 

The variables related to urban area are applied for global comparisons 
between different countries. One example is the comparison of urban 
population percentage and GDP. Such comparisons involving national 
urban variables, however, pose a fundamental problem for being state- 
istic.2 The figures are not comparable as their underlying definitions are 
different. The figures may only indicate national situations. 

Another problem with statistical comparisons is that the providers 
may use various national definitions or countries may have several con
current official definitions (see e.g. Satterthwaite, 2010, p. 84). This, and 
the state-istic nature of the definitions, becomes problematic when the 
end-users interpret the statistics but are unaware of these (see e.g. Cohen, 
2004, pp. 24–25; Satterthwaite, 2010, pp. 83–84). Here, scrutiny of the 
urban population percentages of 27 European countries using the United 
Nations Demographic Yearbook 2018 (UN, 2019b, pp. 159–168) and the 
World Urban Prospects 2018 (UN, 2019c) as a source, reveals variations 
in percentages and in national definitions used (Table 1). As these are 
both UN documents, the figures and definitions in them are all from na
tional sources. 

Only seven cases share the same definitions (Table 1). In nine cases the 
difference is unclear (e.g. the terms used could be different3) and seven 
cases were markedly different. The percentages differ widely: the greatest 
difference is 24.7 percentage points, which included four cases with a 
difference above 8.9pp. All four cases used a different definition in the 
documents. In two cases, Croatia and Germany, the urban population 
percentage is provided in both documents, but the definition is missing 
from the Demographic Yearbook 2018 (UN, 2019b, pp. 123–124). Pre
sumably, Croatia used the same definition, in contrast to Germany, as 
their figure is higher in 2011 than in 2018. This example highlights the 
problematic nature of these statistical compilations, particularly when 
used without knowing the background of state-istic definitions4 or the 
definitions used. 

However, as urbanisation proceeds, it impacts population, economics, 
nature and resources (see e.g. Van Vliet et al., 2019). Many issues require 
global and regional comparisons of certain indicators (EC et al., 2020b, p. 
2, 5). In addition, in the Global South the urban-rural division is important 
for efficient policies (Potts, 2018; Wineman et al., 2020, p. 254).5 

Consequently, along with statistical and modelling needs, classification 

implying spatial delineation is necessary, often leading to dichotomous 
solutions. For these, and as the state-istic urban population figures are 
constantly compared, it is crucial to explore the urban area definitions 
applied for measuring urban population: the types, the principles and 
their threshold values. 

In parts 3, 4 and 5 we evaluate these in the European context. The 
testing of the impact is carried out in the case of Finland, asking: How 
much will the urban population percentage, the urban area ratio and the 
population density of urban areas vary when applying different European 
national definitions? The aim is to elucidate the spectrum of European 
definitions and discover how much the differentiation between the defini
tions actually affects the figures. But first, in Section 2.2, we explore the 
relational models for delineating urban areas. With these and the case 
study, we want to highlight certain desirable characteristics for urban 
area delineation approaches. 

2.2. Recent progress in methodology: relational models for delineating 
urban areas 

There has for decades been a tremendous number of new openings 
for methodology to delineate urban areas. In the 60s and 70s, for 
instance, Jack Gibbs (1966) and Eduardo Arriaga (1970) developed 
mathematical models to measure urbanisation. The basic limitation with 
these was that they were based on localities and cities defined by the 
countries themselves, which made them non-comparable in the first 
place. They were also very often based on administrative units (see e.g. 
UN, 1971, pp. 159–165). More recent proposals for a more universal 
method are likewise based on administrative units, for example on re
gions, municipalities, or postal code areas.6 However, as stated in 2.1, 
the sizes of administrative units very often vary across countries. 
Therefore, the methods using administrative end result units may be 
incapable of portraying urban areas universally. Nevertheless, it is 
noteworthy that nowadays most of the methods for the delineation of 
urban areas apply GIS in some form. In addition to the location-based 
data and analyses, however, more use should be made of delineation 
of urban areas based on relational approaches as these reflect more 
accurately the dynamic and relational nature of cities. They include such 
approaches using, for example, remote sensing, use of artificial intelli
gence (AI) and computing. 

For these latest applications, new types of datasets, such as tele
communication data, can become essential and open novel possibilities 
for delineating urban areas. The remote sensing-based methods and data 

Table 1 
The Demographic Yearbook 2018 versus World Urban Prospects 2018 data on 
urban population percentage of certain European countries (UN, 2019b, pp. 
123–124, 159–168, 2019c, 2019d). All definitions and percentages the UN 
presents in both documents are from national sources. All missing information 
marked with ‘-’. In WUP 2018 column the italicised year indicates that the figure 
is an estimate (see UN, 2019d).  

(continued on next page) 
2 State-istic is a term used by Brenner and Schmid (2014, p. 740) to illustrate 

the national characteristic of the urban area definitions.  
3 E.g. in the case of the Czech Republic one source uses the term localities and 

the other municipalities (UN, 2019b, pp. 124, 159–168, 2019d).  
4 The UN states in their document that the definitions are national and should 

be treated as such (see e.g. UN, 2019b, p. 5, 120–124), however, it is only 
possible to download the tables from the UN web pages (see. e.g. UN, 2019a).  

5 In Western societies the differences between urban and rural have levelled 
out (see e.g. Andersen et al., 2011; Potts, 2018; Schaeffer et al., 2013), i.e. the 
policymaking is less dependent on the urban-rural area distinction per se, than 
on more nuanced differences, how these are discussed, and also the existence of 
urban-rural interface or continuum, or territories-in-between (see e.g. Cham
pion and Hugo, 2004; Dymitrow and Stenseke, 2016; López-Goyburu and 
Gonzaga García-Montero, 2018; Laurin et al., 2020; Urso, 2020; Van Vliet et al., 
2020; Wandl et al., 2014; Woods, 2009). 

6 Very often the testing of the methods was done on administrative units, for 
example, because of data availability, and therefore the methods could most 
often also be adapted to other analysis units. See e.g.: a methodology for 
identifying urban areas combining subjective assessments with machine 
learning (Galdo et al., 2019), the fuzzy rurality indicator (Pagliacci, 2017), the 
Urbanity Index (Niklas et al., 2020), the OECD Regional Typology (OECD, 
2008, p. 4), the OECD Extended Regional Typology (Brezzi et al., 2011), the 
Urban-rural Typology (Eurostat, 2010, p. 240) and the DEGURBA-method 
(Degree of Urbanisation) (EC et al., 2020a, p. 6, 9; EC et al., 2020b, p. 2, 5; 
Eurostat, n.d.a). 
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are nowadays often scrutinised. Satellites provide continuous images of 
such as landcover, morphology, or night-time illumination (Guo et al., 
2019). This is beneficial in the cases where no analyses-ready datasets 
are available. This occurs frequently, especially in the case of developing 
countries or, for example, in the case of informal settlements: official 
data does not exist, or its accuracy is poor (see e.g. Giaccom Ribeiro, 
2015). In these cases, remote sensing provides a way to create these 
datasets with reasonable built environment variables thereby enabling 
analyses of different indicators, development etc. (Weeks, 2010, p. 38). 
The remote sensing-based data is often accused of ‘time-consuming 
interpretation steps and poor image resolution’ (Long et al., 2016). 
However, the work processes, as well as the image resolution, are 
constantly being enhanced. 

Telecommunication data has great potential to reveal cyclical, e.g. 
daily, weekly or yearly choreographies in inhabitants’ mobility and lo
cations. This can reveal unexpected patterns and assist in building more 
diverse delineations of urban areas that are based on both work and 
resident populations, their mobility and their volumes (see e.g. Becker 
et al., 2011; Calabrese et al., 2014; Grauwin et al., 2015; Lenormand 
et al., 2015; Makhrova and Babkin, 2020; Ratti et al., 2006; Reades et al., 
2007). The main limitation in using the telecommunication data is the 
national regulations and laws and ensuring the privacy of users (see e.g. 
Calabrese et al., 2014). To utilise telecommunication data in delineating 
urban areas, the data must be on an adequate scale. Naturally, a suffi
cient number of mobile device users as well as service area coverage are 
also necessary. 

Computing and mathematical modelling also provide promising 
methods. Enhanced computing capacity enables highly complex anal
ysis, larger datasets and new approaches. For example, scaling laws are a 
well-known phenomenon common in complex systems not only in na
ture but also e.g. in cities, and their research forms an established 
tradition in urban sciences. The sizes of natural cities in the many 
countries appear to follow Zipf’s rank-size rule, but more importantly, 
their attributes (salaries, crime, patents etc.) scale against their popu
lation (see e.g. Bettencourt et al., 2007; Chen and Jiang, 2018; Duran
ton, 2021; Pumain, 2004). Jiang and Liu (2012) discovered that scaling 
can be used to delineate natural cities while observing urban blocks and 
their sizes. With the OpenStreetMap (OSM) street data they produced a 
dataset with individual blocks. By applying the head/tail division rule 
with the heavy-tailed distribution to them, they distinguished the city 
and urban blocks from the data and clustered them to delineate cities 
following the spatial autocorrelation (Jiang and Liu, 2012). Jiang and 
Liu (2012) argue that the side effect of spatial autocorrelation is that the 
smaller urban edge blocks might erroneously be classified as rural, but 
they believe this produces only a very minor error in total, since these 
blocks usually have relatively small population. 

De Bellefon et al. (2019) also rely on computing and statistical dis
tribution. They created a dartboard methodology utilising the density of 
building volume in a 200 m grid. After calculating the densities in each 
grid cell, they used kernel to smooth the values, and they repeated the 
procedure for generated counterfactual densities for randomly distrib
uted buildings in buildable grid cells. When comparing these values, if 
the real smoothed value is over the threshold, i.e. ‘above the 95th 
percentile of the distribution of counterfactual smoothed densities 
computed for that pixel’, the grid cell is categorised as urban and the 
adjacent grid cells form the urban areas (De Bellefon et al., 2019). 
Moreover, Tellier (2020) and Tellier and Gelb (2018) has developed the 
Urban Metric System (USM). USM is a space-economy based model 
suitable for different scales and based on vector fields and on attractive 
and repulsive forces. The method stresses the functionality of the city, 
concerning residents but also employees and economic actors, i.e. their 
attractive and repulsive forces and their magnitudes. The 
vector-resultants based on gravity models estimating the ‘probabilities 
of interaction between pairs of points in the space’ (Tellier and Gelb, 
2018, p. 150) are able to reveal urban structures on different scales, from 
districts to global systems. Regarding the urban-rural dichotomy, UMS 

Table 1 (continued ) 

*The difference between WUP 2018 and Demographic Yearbook 2018 (per
centage points). Negative value indicating the value from the Demographic 
Yearbook being larger than from WUP. 
**The definitions provided by the Demographic Yearbook and WUP are different 
(Y), the same (N) or difference is unknown (?). 
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entails that a critical threshold value should be determined (Tellier, 
2020). 

All these three approaches using different mathematical methods 
(statistical distributions or probabilities) are promising for delineating 
urban areas for their capability to reflect the autonomously emerging 
characteristics of the city. What is important is that these methods 
consider regional variation and volumes, recognising the local systemic 
fluctuation. Hence, they could reduce the global non-comparability of 
varying urbanity and measures. Furthermore, the temporal variation is 
also considered as the comparison is always made to the variables of the 
time as they produce the reference values. The question is to what extent 
these mathematical methods and statistical values can capture the real 
urban environment overall. This would require further validation. 

AI is an additional tool that utilises other methods. It expands the 
possibilities for delineating urban areas, as the use of AI enables pro
cessing even larger data masses while enhancing the processes them
selves. It can be utilised to classify for example building densities, 
landcovers or urban fabric based on subset algorithms, decision trees or 
computational models (see e.g. Abarca-Alvarez et al., 2019; Arribas-Bel 
et al., 2019; Guo et al., 2019). It can also be combined, for example, with 
human estimation (Duranton, 2021; Galdo et al., 2019). In the method 
proposed by Galdo et al. (2019) the set of images was first categorised by 
human actors. Based on that, AI was trained to classify any set of images. 
Involving human estimation in the process could improve the observa
tions in the urban environment that is often limited in qualitative 
methods. However, the use of AI initially entails a large amount of work 
and the processes can be complex. In addition, for example neural net
works have been criticised as the process and the choices may remain 
hidden (Abarca-Alvarez et al., 2019). Nevertheless, swiftly developing 
AI will certainly be applied widely in the future in many fields in urban 
research. 

3. Research structure, methods and data 

In this study, we explored urban area definitions yielding urban 
population percentages from 24 EU countries and three non-EU Schen
gen countries. The small and certain island countries, for example 
Luxembourg, Malta and Iceland were omitted. While some countries use 
the same definition, 22 different urban area definitions were adopted for 
the study. 

The empirical study consisted of two parts: a categorisation of the 
definitions of the 27 European countries and testing of these in the case 
of Finland. In the first part all 22 definitions were classified into cate
gories, implying that the patterns observed were organised into relevant 
categories (Chenail, 2008). 

In the second part these definitions and the resulting categories were 
tested in the case of Finland as accurately as possible considering the 
applicability of data and areal units. The urban population percentage, 
urban area ratio and population densities of urban areas were calculated 
in all cases. The 15 countries included in the testing were Belgium, the 
Czech Republic, Denmark, Estonia, Finland, France, Germany, Hungary, 
Italy, Latvia, Norway, Poland, Spain, Sweden and Switzerland. The 
resulting 13 definitions consisted of ten official and three unofficial 
definitions (urban areas resulting from the official definitions before 
aggregating them into LAU areas). The countries for which the defini
tions could not be tested in the case of Finland were: Austria (no com
parable data available); Bulgaria, Croatia, Lithuania, Portugal, Slovenia 
and the United Kingdom (no comparable areal unit available) and 
Greece, Ireland, the Netherlands, the Slovak Republic and Romania 
(methodology not described in adequate detail). 

The testing was performed as spatial analyses using GIS tools. The 
urban areas were formed according to the national definitions selected 
and data available. The Finnish datasets used were:  

• Population data, 2018 (Population Information system of Digital and 
Population Data Services Agency (Finland))  

• Buildings, 2018 (Topographic Database of National Land Survey of 
Finland)  

• Administrative borders, 2018 (National Land Survey of Finland)  
• 500 m, 1 km grid files (YKR (Monitoring System of Spatial Structure 

and Urban Form) by the Statistics Finland and the Finnish Environ
ment Institute)  

• Water elements, 2015 (General map 1:1 000 000, National Land 
Survey of Finland)  

• The local functional areas by services and grocery shopping, 2017 
(Finnish Environment Institute)  

• Corine Land Cover 2018 25 ha, 2018 (Finnish Environment Institute) 

The Finnish population dataset used in this study had 5421122 re
cords (sampling date 27 December 2018). From the original database 
approximately 2% of the records were eliminated by the Digital and 
Population Data Services Agency (Finland). These included population 
without permanent place of residence (~1.7%), orders of non- 
disclosures (~0.2%) and population temporarily in medical care in
stitutions (~0.05%) (Liimatainen, 2019, personal communication). All 
analyses were conducted using the same population dataset to eliminate 
possible differences between the dataset used and the official munici
pality population information. In urban area calculations sea area and 
lakes (=< 20 km2) were eliminated from the category A results. 

4. Research operations 

4.1. Country-specific definitions and their categorisation 

Definitions from 27 European countries were divided into two main 
categories according to the basic areal unit, i.e. the end result unit of the 
definition. The main resulting categories were those with (A) LAU areas 
and (B) settlements/localities as end result units. Accordingly, in cate
gory A, despite the use of a grid or buildings in defining urban areas, the 
results are aggregated into the LAU areas indicating that the whole LAU 
area was considered urban. In category B, either no or only smaller unit 
aggregations were carried out (for example, settlements). 

The two main categories were further subdivided into seven sub
categories according to how the urban areas were defined and formed. 
This resulted in two main categories and seven subcategories:  

A) LAU areas as end result units (1 un-subcategorised country)  
1. Official cities (2 countries)  
2. Municipalities with a certain number of inhabitants (possibly 

combined with other characteristics) (4)  
3. Grid-based population or address density (7)  
4. Localities (built-up area or similar) and population (3)  

B) Settlements/localities as end result units  
1. Buildings and population (5)  
2. Buildings, minimum area and population aggregated to non- 

LAU-unit (1) 
3. Settlements (as administrative units and/or with other for

mation criteria) with certain population and/or socio- 
economic structure (4) 

Details for these subcategories are presented in Table 2 and below. 
The most common formation criteria of the localities were the admin
istrative units, grid or built-up areas (Table 2). The most commonly used 
defining criterion for urbanity was population. 

4.1.1. LAU areas as end result units 
For the officially designated cities and towns (category A1), those 

with official city status are considered urban. This category has no 
minimum population requirements or other indicators. Hungary and 
Poland apply such a classification. 

In category A2 the country-specific population threshold value and 
possible other characteristics are applied to define urban areas. Belgium 
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and the Czech Republic use only the population attribute. In the case of 
Latvia, the LAU area must additionally involve a local centre and in the 
Slovak Republic also ‘signs of urban development’. The definition for 
Romania remained somewhat unclear and it was not possible to deter
mine whether Romania belongs to subcategory A1 or A2. 

Category A3 countries’ urban area definitions are based on grids 
noting population or population and commuters. For these, grid cell size 
varies from 500 m x 500 m to 1 km x 1 km. After grid-based calcu
lations, the results were aggregated into LAU level. Countries using a 
grid-based population are Austria (also including commuters), Ger
many, Italy, Spain, Switzerland and Estonia. The Netherlands uses 
address density instead of population attribute and hence, by adopting a 
grid-based measurement, the Netherlands appears to simulate a 1 km 
buffer around each address point. 

Category A4 is based on localities and minimum population. In 
France the localities are based on maximum distance between buildings 
(see also category B1) and in Portugal on territorial units of smallest 
homogenous built areas. Other attributes are also used in both: in France 
population weighting and certain areal exceptions and in Portugal area 
weighting, administrative position and existing urban planning. The 
explicit criteria for defining localities in Greece were not available. 

4.1.2. Settlements/localities as end result units 
The urban areas in category B1 are based on the built-up areas 

formed using a combination of maximum distance between buildings 
and minimum number of population. These are used in Denmark, 
Finland, Sweden, Norway and Ireland. The latter two also use more 
detailed measures for areas that make an exception to the maximum 
distance rule. 

The United Kingdom forms the B2 class. It uses output areas as an 
end result unit. These are formed on the basis of postcode units. The 
output areas located on built-up areas formed using a maximum distance 
between buildings, a minimum area size and a minimum population 
threshold, are defined as urban. 

Category B3 uses settlements as end result units. Countries belonging 
to this category are Bulgaria, Croatia, Lithuania and Slovenia. In these 
countries the settlements are administrative units. Whether they are 
urban or not is determined by the number of population and/or work
places. In some cases, type of workplaces and historic town status are 
also taken into account, depending on the country. 

4.2. Testing the definitions: spatial analyses 

In the spatial analyses phase, the categories formed were tested using 
the criteria categorised above applying data from Finland. The steps of 
the analyses are described below. From categories A3 and A4 the urban 
population percentage of Finland was also calculated before aggregation 
into LAU areas. These unofficial figures are expected to yield additional 
information on the variance in B subcategories as well as on the possible 
effect of the aggregation to the upper scale unit. In these cases, the urban 
areas were treated similarly to subcategories of the B category. In the 
results, these were treated as B+ subcategories in the following manner: 
A4 (France) forms B1+ and A3 (Germany, Italy, Spain & Switzerland 
and Estonia) B+ subcategories. 

4.2.1. Category A: LAU areas as end result units 
After all the steps described below, in each case urban population 

percentage, urban area ratio and density of urban areas of the whole of 
Finland were calculated. 

A1. In the case of category A1, Finnish municipalities with official city 
status were identified and their populations calculated. 

A2. In category A2 the total population of all municipalities was 
calculated. For the Czech Republic, all municipalities with populations 

over 2000 and in Belgium over 5000 were chosen. In the case of Latvia, 
to identify the local centres, the Finnish municipalities with local 
functional areas by services and grocery shopping were selected. From 
these the municipalities with a minimum of 2000 inhabitants were 
chosen. 

A3. In category A3 Germany, Italy, Spain and Switzerland all use the EU 
DEGURBA classification. They use the 1 km grid and total population 
was calculated for each cell. Next, clusters of populated cells were 
formed (i.e. adjacent cells) and their population densities (km2) calcu
lated. Clusters with over 300 inhabitants per km2 and a minimum of 500 
inhabitants were defined as urban. The population of their municipal
ities was calculated. The whole municipality was considered urban if the 
number of inhabitants in these urban clusters exceeded 50%. 

Estonia uses a 500 m grid. Population density (km2) was calculated 
for each cell and those smaller than 200 inh./km2 were deleted. After 
this, clusters were formed (adjacent cells, and the cells one step further) 
and the population figure of each cluster was calculated. For clusters of 
over 5000 inhabitants the cluster cells were designated as urban. The 
whole municipality was considered urban if more than 50% of the cells 
fulfilled this condition. 

A4. From category A4 France was tested. First the built-up areas were 
formed using a 100-metre buffer (implying 200 m distance between 
buildings). Next, the classes ‘121 - Industrial or commercial units’, ‘122 - 
Transport areas’, ‘124 - Airport areas’, ‘141 - Green urban areas’ and 
‘142 - Sport and leisure facilities’ from Corine Landcover 2018 data were 
combined with these. After this the population in the buffers in mu
nicipalities with over 2000 inhabitants was calculated. The municipality 
was considered urban if 50% or more of the population was located in a 
single buffer (contiguous built-up area). 

4.2.2. Category B: settlements/localities as end result units 
After all steps described below, the urban population percentage, the 

urban area ratio and the density of urban areas of the whole of Finland 
were calculated on the basis of the remaining buffers. 

B1. Here the urban areas are based on the distances between buildings. 
For the Finnish and Swedish definitions, the buffer around the buildings 
was 100 m. Population information was merged with these buffers. 
Those with less than 200 inhabitants were deleted. 

For Norway, using a 25-metre buffer and in the case of Denmark 
100 m, the classes ‘121 - Industrial or commercial units’, ‘141 - Green 
urban areas’ and ‘142 - Sport and leisure facilities’ from the Corine 
Landcover 2018 data were combined with these. After this the popula
tion information was merged with the built-up areas formed and those 
with below 200 inhabitants were deleted. In the case of Norway, other 
25-metre buffers inside 400 m from the centre point of these urban areas 
formed were also included. 

5. Discussing the resulting urban population percentage and 
urban areas of Finland 

In the study reported in this article, we wanted to explore the degree 
of variation in the national urban area figures. These result from sig
nificant differences in national urban delineation methods, causing, for 
example, confusion in discourse on urban areas. The results yielded new 
knowledge about the scale of this variation. The differences between the 
two main categories of European urban delineations presented in Sec
tion 4 were even greater than expected. The results of this study are 
illustrated in Table 3 and the more detailed statistics in Appendix A. The 
figures also include the non-aggregated, unofficial figures (tagged as 
category B1+ and B+ in tables/graphs). 

The calculations indicated that the urban population percentage of 
Finland varied between 63.6 and 98.9 depending on the criteria applied 
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(mean 79.8%, median 79.4%). The official population percentage of 
Finland in 2018 was 85.4% (UN, 2019c). We perceived considerable 
variance in urban population percentages when applying certain Euro
pean urban area definitions in Finland. According to category A defi
nitions, the urban population percentage was between 72.0 and 98.9 
(mean 84.4%, median 81.6%). Category B resulted in variation per
centages between 63.6 and 86.8 (mean 74.5%, median 71.8%). The 
greatest differences emerged in the cases of the Czech Republic + 13.5 
percentage points and Belgium + 7.9pp (subcategory A2), Germany, 
Italy, Spain and Switzerland − 13.4pp and Estonia − 7.5pp (A3), 
Norway − 9.0pp (B1), unofficial France − 19.3pp (B1+) and unofficial 
Germany, Italy, Spain and Switzerland − 21.8pp and unofficial Estonia 
− 18.3pp (B+). When observing all subcategories, the most notable 
differences occurred in category A2 (mean 93.3%) and B+ (mean 
65.4%). No such clear pattern between the main categories could 
otherwise be observed. 

For A3, B1+ and B+ countries, one explanation for the considerable 
deviation may have been the population weighting criterion applied. For 
A2 countries, the difference could be seen for those using only popula
tion threshold value as a criterion. The difference could be explained by 
inappropriate population threshold values for Finland, since both the 

Czech Republic and Belgium have substantially smaller LAU area unit 
sizes than Finland.7 Although the EU aims at a coherent system of 
administrative units,8 their actual size differs considerably across 
countries, complicating analyses and their interpretations. Criteria 
applied to the smaller LAU areas may produce erroneous interpretations 
overall with category A. The different biogeographical characteristics9 

may also play a role. 
In the case of urban area ratio, the results revealed notable differ

ences in urban Finland with different criteria. Examples are illustrated in  
Fig. 1. The variation in the total urban area ratio indicates considerable 
variation in delineations (0.7–88.9%). The mean of urbanised land was 
28.0% and the median 19.3%. Comparison between categories A and B 
indicated a substantial difference: while the mean of urban area of 
category A percentage of Finland was 50.9%, the mean of category B is 
only 1.4%. It is also noteworthy that in category A the variation is 
extremely high: 19.3–88.9%, as in category B, all figures settle between 
0.7% and 2.5%, i.e. 1.8pp. The wide variation in urban area ratio 
probably results from the different end result units of the main cate
gories, i.e. municipality vs. localities. Although category B had a 

Table 2 
Countries by subcategorisation and criteria of how urban areas are formed and defined. The B+ and B1+ categories include tested A3 and A4 countries before the 
aggregation into LAU areas (i.e. the urban figures were also calculated based on the values in the grids or built-up areas before the aggregation to LAU area level was 
carried out).  

7 Mean area of LAU (km2) in Finland 977, in Chech Republic 12 and Belgium 
51 (Eurostat, 2018; The World Bank, 2018).  

8 To tackle the challenge resulting from the use of local-level statistics, 
Eurostat created two-level local administrative units (LAU1&2), which were 
changed to one-level units from the beginning of 2017. LAU areas (former 
LAU2) correspond to municipalities or equivalent units. (Eurostat, 2019.)  

9 Finland is one of the most sparsely populated, heavily forested countries in 
the EU. 
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decidedly low urban area ratio, below 2.5%, the urban population 
percentage remained high: 63.6–86.8%. 

Regarding the population density of urban areas produced by the 
different definitions, the results indicate that in the case of Finland the 
density varied between 19.2 and 1853.5 inhabitants per km2 (mean 
561.3 per km2, median 64.4 per km2). Similarly to the urban area ratio, 
the density of urban areas followed a similar pattern perceived when 
scrutinising the categories: category A and B differ from each other 
considerably. The mean density of category A is 35.6 per km2 and of 
category B 1174.7 per km2. 

Thus, the figures resulting from the definitions in category A do not 
directly correlate with the actual urban populations of the respective 
municipalities, nor with the urban area or density, because category A 
classifies the population and the area of the municipality as a whole 
homogenously as either urban or rural regardless of local variations. 
These classifications may increase the total degree of agglomeration of 
the country. Nevertheless, the LAU area borders are always somewhat 
arbitrary, not necessarily correlating with spatio-functional urban con
figurations (Cohen, 2004, p. 25) - and conversely, the urban dynamic, 
functional regions and agglomerations rarely follow municipal borders. 
Category B appears more appropriate for ascertaining the actual highly 
populated areas. However, definitions based on the local unit (e.g. 
municipality) are necessary as well, for example for evaluating national 
and wider economic indicators. 

The limitations of this study are mainly related to methodology. 
First, translations from original languages imply a possibility for trans
lation errors. Interpretations of criteria and areal units were necessary to 
conduct the analyses causing potential inaccuracy. The data was chosen 
carefully and in some cases we refrained from testing certain countries 
due to the excessive adjustments required, potentially impairing the 
reliability. For some of the variables the correspondence between the 
applied and original data was moderate. Since the analyses were con
ducted only in the case of Finland, with its regionally dispersed and 
small population, the generalisability is limited. However, these results 
are indicative, allowing certain universal interpretations. 

6. Guidelines for selecting an approach to urban area 
delineations 

Based on the literature and the empirical study presented in this 
article we here discuss the essential challenges along with key charac
teristics for an applicable urban area delineation approach10: 

Avoid administrative units as a basis. As our case study indicated, the 
administrative unit-based definitions also generally include non-urban 
populations and places. In addition, these units differ from country to 
country. Therefore, they are incapable of generating a universally 
commensurate delineation method for urban areas. In other words, 
instead, the approach should be based on grids, buffers or other small 
units, and it ought to be scalable. (see e.g. Arribas-Bel et al., 2019; De 
Bellefon et al., 2019; Long et al., 2016; Tellier, 2020; Tellier and Gelb, 
2018; Weeks, 2010, p. 39). 

Avoid using residential population only as a basis. The approach could 
be built on only one, well-justified variable (other than merely popu
lation). However, a multi-criteria method would be preferable. This GIS- 
based method should consider features of built environment and urban 
lifestyle such as density or functionality, e.g. work, points of interest etc. 
(see e.g. Abarca-Alvarez et al., 2019; Ban et al., 2021; De Bellefon et al., 
2019; Jiang and Liu, 2012; Long et al., 2016; Weeks, 2010, pp. 38–39) In 
addition natural elements can be used as well (see e.g. Benza et al., 
2016). 

Avoid using datasets based on methodology using larger aggregations, e.g. 
in administrative units or artificial distributions. Their problems may in
crease proportionately in the urban area delineation method. For 
example, LAU area-based or regional statistics cannot be properly dis
aggregated to a smaller scale for a detailed delineation of urban areas. 
Also, avoid datasets resulting from complex, and especially unknown, 
processes, as their problems are hard to trace and they, too may increase 
proportionately in the delineation method. Instead, favour datasets 
which are as detailed as possible, as little processed as possible and 
which are based on authentic location-based information. 

Enable both gradients and dichotomies. The approach should be able to 
reflect the urban area as zones, or gradients, acknowledging the 
continuous and entangled nature of urban and rural space, still enabling 
the representation of dichotomic classification when needed. (see e.g. 
Tellier, 2020; Tellier and Gelb, 2018; Weeks, 2010, p. 39) This requires 
that with gradient-based methods, it is clearly stated how they can be 
used as dichotomous, i.e. which classes belong to which one. Mathe
matical models, such as scaling/power laws, could be useful in building 
the gradients, applying efficient computing power. 

The most challenging task in developing a new method is setting the 
proper threshold values for different zones or classes (see e.g. De Bellefon 
et al., 2019; Duranton, 2021). With a universal method, it must be 
considered whether a single threshold value can pertain for urbanity, as 
it can be seen as a relative phenomenon in both global and history wise 
(Duranton, 2021). For this reason, applying mathematical and statistical 
methods for these purposes should be carefully considered as they take 
into account the global fluctuations and local urban characteristics. 

The ultimate guideline is: Keep it as simple as possible. Whatever 
approach is chosen, it should be simple enough, from both the analysis 
and data point of view, to be utilised universally (see e.g. Duranton, 
2021). Overly convoluted structure or nested equations may appear as a 
‘black box’, which is allegedly also the problem of AI. These complicate 
both the overall use and the adaptation of the method. Consequently, the 
simpler the method and the dataset used, the more widely applicable it 
generally becomes. 

7. Conclusion 

The ongoing planetary urbanisation calls for thorough scrutiny of 
figures reflecting urbanisation across countries in a comparative 
manner, both in the media and in professional discourse. These figures 
provide only a lens for the individual, temporal development of each 
country. Surprisingly, no study has so far been presented highlighting 
their non-comparability by testing the factual impact of these definitions 
on the resulting urban areas and their populations. We took the first step 
towards bridging this gap by presenting a systematic study of the ma
jority of indicators across European countries reflected against the data 
from one country, Finland. 

This pioneering study corroborates the UN guidelines recommending 
caution in comparing the national urban population percentages as the 
urban area definitions have been adjusted to reflect local requirements 
and features. It opens a necessary discussion about the transparency of 
urbanisation measures, stressing the necessity to explicate the national 
differences. We would like to draw attention to the way these figures and 
concepts are, and should be, used in scientific and popular communi
cation and media. Particularly, we stress that while comprehensive 
definitions and indicators for urbanity are hardly feasible, one should 
refrain from creating a straightforward juxtaposition of national degrees 
of urbanisation uninformed of the measuring methods they are based on. 

Building consistent definitions while retaining the national ones 
poses another challenge. It is evident that these are used for different 
purposes, but it would be necessary to explicate more clearly their 
premises, purpose of use and underlying assumptions, along with their 
relationship to each other. This is also necessary for establishing rele
vant and properly targeted policies from national to the EU-wide and 
even to the global scale, as it is noteworthy that the urban area forms a 

10 We focus here on the urban areas per se, and exclude, for example, func
tional urban areas and metropolitan areas, which also include non-urban areas 
or population when including commuting zones (see e.g. Moreno-Monray et al., 
2020). 
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Table 3 
Results of testing different European urban area definitions in the case of Finland.  
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politically and economically essential unit, and state subsidies and other 
interventions are often dependent on these measures. Appropriate pol
icy proposals would call for an exhaustive and critical review on a larger 
scale. Such a systematic review could outline good practices and help to 
adjust the existing definitions. This would produce a more generalisable 
understanding of these definitions and their implications. 

Undoubtedly this type of straightforward delineation necessarily 
leads to a dichotomy (urban/rural) that poorly reflects the late modern 
urban landscape. Similarly, emphasising population as the sole measure 
for urbanity is questionable, since it ignores many essential spatio- 
functional, corporeal characteristics of urbanity. For example, cases 
such as office parks, CBDs, or dense rural populations easily produce 
flawed results. Furthermore, residence-based definitions have a limited 
capacity to reflect current lifestyle and ‘new work’ implying a high level 
of mobility, multi-place or non-place residence or work, urban 
nomadism, and, generally speaking, people’s rapid movements across 
time and space. To overcome this challenge, we explored a variety of 
possible data-driven approaches that had been applied to delineate 
urban areas. We avoided proposing a single solution since all the options 
scrutinised would require further validation. Hence our proposal would 
be more of a set of guidelines for future approaches. 

We argue that a new urban area delineation method would call for 
more relational and dynamic approaches. These methods could use 
artificial intelligence cautiously yet more efficiently, applying novel 
datasets, such as telecommunication or GPS data, or utilise mathemat
ical methods, or even revisit old methods with new viewpoints. Yet the 
most important thing is to keep the delineation method as simple as 
possible. In addition, the concept of border in the context of urban areas 
would require scrutiny, indicating that future research could delve into 
the question of the capability of current delineations to reflect reality 
when comparing different indicators. 

Overall, the inherent complexity of urban features makes it difficult 
to discuss cities, leading to several parallel discourses. Here the ‘two 
worlds’ often collide (Snow, 2001 [1959]). From the city life or social 
scientific point of view, the city consists of human, social and cultural 
processes taking place in urban space. On the other hand, a city is a 
quantifiable entity, constructed from decidedly concrete elements: 
buildings, roads and infrastructure, occupied and produced by humans 
(see e.g. Bergel, 1955, pp. 5–6). Echoing Bergel (1955, p. 5) saying 
‘Everybody seems to know what a city is but no one has given a satis
factory definition’ (Bergel, 1955, p. 5), exhaustive measurement for 
urbanity is hardly possible. However, urban delineations are still 
necessary for statistical, political and economic purposes: With the 
contribution presented in this article we would encourage urban 
scholars to engage in a comprehensive systematic comparative explo
ration of these measurements, resulting spatial delineations, and their 

local consequences. Such iterative, accumulative work would gradually 
build robust knowledge of the ways to define urban areas in varying 
context. 
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