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A B S T R A C T   

Today, 56.6% of the world’s population is urban and the trend is rising; in Germany, the urbanization process is 
almost complete at 80.3%. This is the ubiquitously used narrative. Surprisingly, the figures behind it are rarely 
questioned. The spatial statistics responsible for this meta-narrative are, however, prone to ambiguity. They 
suffer from a lack of systematic empirical justification, and from cross-national differences in cut-off values used 
to differentiate between urban and rural populations. In this study, we present an empirical approach that allows 
to systematically map urban and rural populations in a spatially and thematically differentiated manner using a 
multimodal method. On the one hand, we resort to the common approach of presenting the degree of urbani
zation in terms of population figures for administrative units. However, we do not only use the common national 
threshold value, but we project various national thresholds applied in different countries across the globe to 
classify multiple degrees of urbanization onto our study site Germany. On the other hand, we also calculate 
various degrees of urbanization at a higher spatial resolution using a regular grid. Beyond the common approach 
of calculating the degree of urbanization by population figures, we also apply at grid-level two additional var
iables: building density and the share of a certain building type. By systematically applying thresholds between 
minimum and maximum per variable, we trace the effects on the resulting degree of urbanization. These multiple 
perspectives lead us to propose that a range rather than a singular threshold allows us to estimate the degree of 
urbanization in a more differentiated way. To do so, we estimate the degree of urbanization for Germany on a 
probability-based basis. Therefore, we combine possible variants from the administrative approach using pop
ulation figures and the grid-based approach using thresholds of population, building density and the share of a 
certain building type. Our results show that Germany can be considered urban by at least 50.0% up to possibly 
68.1% of the population, which by no means comes near the reported 80.3%. We conclude that the results of the 
commonly used approach to quantify urban populations are not tenable in their clarity and should therefore be 
used only with great caution for political and societal decision-making.   

1. Introduction 

In the best case, we base decisions – political, social, economic, 
ecologic, or even personal – on facts. Science is a source of profound 
facts. Nevertheless, scientific knowledge is subject to uncertainties due 
to applied concepts, data or methods that are not always easy to inter
pret. There is the danger that mathematically unambiguous calculable 
‘facts’, nevertheless lead to ambiguity or even misinformation. 

Therefore, appropriate interpretation and a deeper understanding of the 
situation is a necessity. 

In spatial sciences or urban geography, to take an example, there are 
often gaps between computable results and their interpretation. Results 
based on precise mathematical calculations may lead to biased state
ments due to inconsistencies or inaccuracies in the input data (e.g. 
Malizia, 2013), the preference for a particular method (e.g. Scha
benberger & Gotway, 2005) or indicator (e.g. Shearmur, 2017), or due 
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to the modifiable areal unit problem (MAUP) (e.g. Openshaw, 1983). 
With respect to the latter, the shape and scale of aggregation units, for 
example, can produce a statistical bias (e.g. Taubenböck, Standfuß, 
Klotz, & Wurm, 2016). On the other hand, certain statistics of spatial 
science remain fuzzy by nature, as results depend on the defined con
ceptual framework, the data, the scale or the methods applied. Let’s take 
‘polycentricity’ for an illustration – a concept that grasps a hierarchical 
division of centers in urban space (e.g. Batty, Besussi, Maat, & Harts, 
2004). Until today, there are no generally accepted indicators (used are 
e.g. job concentrations (Krehl, 2016), built densities (Taubenböck, 
Standfuß, Wurm, Krehl, & Siedentop, 2017), among others) or methods 
(used are e.g. threshold approaches (Kim, Yeo, & Kwon, 2014), locally 
weighted regression (Roca Cladera, Marmolejo Duarte, & Moix, 2009), 
among others) to unambiguously distinguish these centers and whether 
those centers distinguished define poly- or monocentricity or the state in 
between (e.g. Bartosiewicz & Marcińczak, 2020). 

1.1. Questioning the common logic of urban population 

And yet, science in the urban domain has produced seemingly un
ambiguous facts we all – in science, in media, in politics, among other 
branches – take for granted: what the largest city in the world is or what 
the proportion of urban population on our globe is. These are generally 
accepted facts. Incidentally, it is usually stated that the largest city in the 
world is Tokyo (UN, 2018) and, that 55.6% of the global population 
today is urban (UN, 2018). These figures, with few exceptions (cf. e.g. 
Bocquier, 2004; Buettner, 2014), are the basis of argumentation in most 
contributions. In this study, we question if we are already subject to a 
fallacy on these ‘facts’? 

Recent studies challenge these two types of ‘facts’ by trying to 
generate estimates with their own concepts and their own empirical 
investigations aiming at more reliable figures. On the city sizes, official 
statistics are challenged e.g. for Germany (Budde & Neumann, 2018) or 
on a global scale (Taubenböck et al., 2019). The latter study reveals that 
not Tokyo, as the UN (2018) has stated, is the largest city in the world, 
but the urban agglomeration in the Pearl River Delta in China. It is 
demonstrated that long-established administrative boundaries can 
become obsolete in times of highly dynamic urbanization. And beyond, 
these units are inconsistent across municipalities and thus are not 
acceptable as spatial comparators due to a distortion of statistics. They, 
in contrast, develop a method to distinguish urbanized from rural areas 
in a consistent manner for all cities across the globe. The advantage of 
this analysis lies in its spatial consistency. 

1.2. Arbitrary classifications of ‘the urban’ and ‘the rural’ 

On the degree of urbanization, scientific studies, reports, media, po
litical statements argue that more than half of the world’s population 
now lives in urban areas. These statements are predominately based on 
the most authoritative and cited source of global urbanization levels 
published by the UN (2018). Melchiori et al. (2018), however, claim that 
the widely accepted UN numbers are incorrect. Using remote sensing 
and population data and a consistent methodology to define the degree 
of urbanization, they claim that a significantly higher amount is ur
banized than stated by the UN: they state that already 84% of the world 
is urban. This assessment, in turn, has been challenged by Angel, 
Lamson-Hall, Galarza, and Blei (2018). They claim that what we 
commonly understand as ‘urban’ runs counter to this analysis. Based on 
four arguments relating to low-density areas classified as urban, the 
migration aspect towards cities, the share of the labor force in agricul
ture and village non-farm occupations and regularities in settlement 
hierarchies, they argue that the world is still nowhere near as urbanized 
as Melchiori et al. (2018) assert. 

These few examples elaborated here, together with studies e.g. by 
Balk, Leyk, Jones, Montgomery, and Clark (2018), Dorélien, Balk, and 
Todd (2013) or Liu, He, Zhou, and Wu (2014) as well as by initiatives 

such as the Global Rural-Urban Mapping Project (GRUMP) (Socio-eco
nomic Data and Applications Center (SEDAC), 2021) or the GHS-SMOD 
product of the Global Human Settlement Layer (GHSL) (JRC, 2021), 
show that in research studies on the degree of urbanization in particular, 
and in spatial sciences in general, there are often no clear, incontro
vertible facts, but only different ways of measuring something and 
interpreting it accordingly. In the urban/rural domain, this complexity 
is often encountered by conceptualizations such as ‘urban-rural contin
uum’ (e.g. Champion & Hugo, 2004; National Academies of Sciences, 
Engineering, and Medicine, 2016; Pahl, 1966), urban-rural-interface (e. 
g. López-Goyburua & García-Montero, 2018) or ‘urban-rural gradient’ 
(e.g. du Toit Marié & Cilliers, 2011). Thus, the truth even viewed from a 
scientific lens is not easily determined and it remains tolerant of ambi
guity. Brenner and Schmid (2013) name the above discussed statistics 
empirically untenable (a statistical artifact) and theoretically incoherent 
(a chaotic conception). 

In this paper, we aim to take an empirical turn by applying the 
‘chaotic conceptions’ for calculating the degree of urbanization. We do 
this using the categories ‘urban’ and ‘rural’ – artificial as they may be – as 
they are nevertheless constitutive of our society (Löw, 2008; Redepen
ning & Hefner, 2018), often providing an argumentative basis for po
litical decisions. However, we believe that the widely accepted statistic 
that today (i.e. in 2021) 56.6% of the world’s population resides in 
urban environments (UN, 2018) paints a superficial picture of a highly 
complex situation. Like the studies mentioned above, we want to chal
lenge these statistics, or at least question the validity of these generally 
accepted and used facts. 

In contrast to other studies, we are in no way concerned with elic
iting what constitute meaningful variables or thresholds that can be used 
to measure ‘the urban’. Our aim is to show how arbitrary the classifica
tion of ‘the urban’ and ‘the rural’ can be in such statistics due to the 
variation of concepts, variables and thresholds. With it, we follow the 
call from Angel et al. (2018) to approach a more definite method by a 
systematization of the effects of the various methods. We do so by the 
example of Germany as the very good geodata situation allows us to 
grasp the complex situation at very high and unprecedented resolution 
in an empirical manner. We want to approach the statistics, i.e. the 
degrees of urbanization, from different spatial and thematic angles and 
show how susceptible these numbers are to different concepts and 
methods. As we believe that a single threshold value always falls short, 
we propose to specify the degree of urbanization in a more differenti
ated, probability-based way which allows a range between the clear 
poles ‘urban’ and ‘rural’. With it, we want to add to the discussion that 
we need better data, clearer and maybe other concepts and accepted 
methods to make interpretations of geodata not arbitrarily reinterpret
able for every desired point of view. 

2. Conceptualization of ‘the urban’ and ‘the rural’ 

In this study, as mentioned, we are not primarily interested in 
developing our own conception of ‘the urban’ and ‘the rural’. Rather, we 
are interested in developing an approach that maps these two thematic 
classes in a more nuanced way. Thus, it is important to have a basic 
conceptual understanding of ‘the urban’ and ‘the rural’. Generally, the 
core idea of the urban in distinction from the rural are various forms of 
higher density: Concentrations of people, of everyday’ s routines, of 
social and economic structures, of differentiations and heterogeneity, or 
of built structures in one place, among other things (e.g. Nassehi, 2002; 
Tonkiss, 2013). 

Urban as a term thereby conceptualizes two different aspects: On the 
one hand, it testifies to a certain way of life. Tolerance, freedom, social 
distance, networking, diversity, interculturalism, cosmopolitanism, 
open-mindedness, intellectuality, and creativity are often attributed to 
this lifestyle (Florida, Gulden, & Mellander, 2008; Glaeser, 2010; Ton
kiss, 2013; among others). Even though these attributes are probably 
most constitutive in larger urban agglomerations, these are non- 
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territorial characteristics, or at least they are very difficult to locate in a 
very concrete way. The urban lifestyle is spreading spatially unspecifi
cally in a world of increasing mobility and better communicative con
nectivity. In consequence, it is not what is defined as a city in 
administrative law that appears as urban, but what is perceived as an 
urban unit in everyday life (Löw, 2008). On the other hand, the term 
‘urban’ points to the quantitative aspect of density in one place: of 
populations, of built structures, of infrastructure, and architecture, as 
well as of physical growth and structural change (Löw, 2008). In this line 
of thought, urban is, according to Berking (2008), first and foremost a 
spatial form with territorial characteristics. Even though, as discussed 
above, our lives are becoming more and more globally networked, we 
still live locally (Castells, 1996). Social life continues to be organized 
into coherently bounded spatial envelopes (‘human settlements’) whose 
demographic properties can be defined within spatial boundaries 
(Wirth, 1969). In this line of argumentation, the place of residence and 
its territorial design still have a considerable relevance and thus, terri
torial approaches remain important. 

In this study, we resort to the basic concept that the urban is a form of 
higher density at a place. It is thus our basic assumption that ‘the urban’ 
can be territorialized. Although it remains conceptually difficult to 
determine, we assume that in principle spatial boundaries between 
urban and rural exist (Sievers, 1997). However, for our approach we 
disregard forms of density in terms of social dimensions, lifestyle, het
erogeneity, etc. and focus on the density of population and built space. 
And fundamentally, we do not want to commit ourselves a priori to 
which thresholds or which definitions constitute the urban, since we are 
aware that, at the margins, the characteristics of the urban may be 
ambiguous or can also be understood as transition zones, urban-rural 
gradients or a continuum. Rather, we aim to explore the question of 
what influences these ambiguous distinctions have on the assessment of 
the degree of urbanization at national scale. And finally, we propose a 
method that allows these ambiguities to be presented in a more differ
entiated way. 

3. Experimental set-up 

3.1. Classification of ‘the urban’ versus ‘the rural’ 

We experiment with different characterizations of ‘the urban’ and its 
complement ‘the rural’. 

For the classification the spatial unit referred to is important. 
Administrative units are of jurisdictional, administrative and political 
relevance and therefore remain a central element in any discourse. At 
the same time, these administrative demarcations result from historical- 
political processes, they are heterogenous in size, feature spatial outlines 
which are somehow artificial, and they may feature within their area 
both types, i.e. dense areas that can be attributed more to ‘the urban’ as 
well as low dense areas that can be attributed more to ‘the rural’. A grid- 
based approach, in contrast, allows the variables to be positioned more 
in the local, i.e. they allow for a less spatially cohesive, more porous type 
of mapping. 

Against this background, we use two distinct spatial approaches: (1) a 
territorial approach where we focus on classifying the official adminis
trative units; (2) a grid-based approach where we focus on a standardized 
spatial unit determined by a grid. 

On this basis, we set up our experiments as follows:  

1) For the territorial approach, we quantify ’the urban’ vs. ’the rural’ by 
using threshold values to assign the administrative units of munici
palities to one of the two types. We base this on the commonly used 
variable of population numbers. For the selection of thresholds, we 
use the wide variety of thresholds defining the urban (ranging ac
cording to UN World Urbanization Prospects from 200 to 50,000 
people) as applied by different nations across the globe (UN, 2020) as 
well as the threshold of 100,000 people suggested by the study of 

Angel et al. (2018). Then, we calculate the proportion of the cumu
lative population values classified as urban in relation to the total 
population at national scale.  

2) For the grid-based approach, we determine ’the urban’ vs. ’the rural’ at 
a spatially continuous and consistent grid of 100 × 100 m. Based on 
our available data, we focus here on three variables: building density, 
population density and the share of a certain building type. 

Building density is measured as the percentage of the sum of all 
ground areas of buildings per grid, i.e. per hectare. Population density is 
the number of inhabitants per grid. For this specific variable, we relate 
the population density relative to the maximum value of population 
density at a grid cell in Germany to scale the variable accordingly be
tween 0 and 100. The share of a certain building type is measured as the 
share of a particular building type per grid expressed as a percentage. 
Here, we assume that certain building types are characteristic of urban 
living. For this purpose, we make use of the following argument: When 
we imagine urban housing, we usually think of high-rise buildings, block 
development, large housing estates, or multi-family houses. In this 
conception, these structural appearances constitute ‘the urban’, while 
single-family or semi-detached houses or the like do constitute a more 
rural way of structure. 

All these variables are clearly spatially locatable. Landscape always 
consists of a complex web of structural types even on the here applied 
grid level. As we do not want to determine a priori which grid cell we 
categorize as ‘urban’ and which one we categorize as ‘rural’, we sys
tematically calculate for all three variables thresholds from the mini
mum to the maximum in order to quantify the effects on the degree of 
urbanization. In the experiment, we apply the entire possible range of 
thresholds: in 1% steps from a minimum greater than 0% share of the 
respective variable to a maximum of a 100% per grid. So, as an example, 
we assume that in the two most extreme cases, we count a grid cell as 
‘urban’ even if there is not a single building at all, i.e. 0% share, or we 
count a grid cell as ‘urban’ only if 100% of the area is occupied by 
buildings. In doing so, we determine how the degree of urbanization 
varies as a function of thresholds. The result is a non-contiguous spatial 
grid constituting ‘the urban’. 

We present the variability of our results on the degree of urbaniza
tion in the form of progress plots over the thresholds. In addition, we 
also map the spatial effects of the various thresholds per variables on the 
degrees of urbanization. Of course, since a myriad of thresholds exist, we 
select representative examples for comparison in the cartographic 
representations. 

3) Finally, we bring the different manifestations of the approaches 
together and propose a combined, probability-based approach. Each 
approach introduced above has its justification. And yet, due to the large 
number of variants, the evaluation of ‘the urban’ versus ‘the rural’ in 
spatial statistics falls short of expectations: a definitive statement about 
the degree of urbanization in Germany. We approach this definitive 
statement by combining the different variants without leaving aside the 
statistical ambiguity. 

The thresholds from the various national approaches on adminis
trative units as well as the systematically calculated thresholds of the 
different variables on the grid-based approach, produce different 
quantitative results and cartographic formations of ‘the urban’ vs. ‘the 
rural’. Since we do not define a priori whether a certain approach is more 
appropriate than others, we give the national thresholds at the admin
istrative units the same weight as the grid level variants. As there are 14 
variants for the territorial approach based on national definition 
thresholds, we aim to match these with grid-based ones. As we have 
three different grid-based approaches, we select five variants each that 
add up to 15 variants. Of course, due to the systematic test in 1% steps of 
the threshold values for the grid-based approaches, there are signifi
cantly more variants per variable available than we can use if we weight 
both approaches equally. To guarantee a generally bias-free calculation 
at best, the chosen urbanization thresholds for the grid-based 
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approaches are evenly distributed across the entire range: 1, 25, 50, 75 
and 99% respectively. The sum of all 29 variants (14 administrative, 15 
grid-based) allows a probability-based classification of the degree of 
urbanization at grid level. 

In the thought process that the delineation of ‘the urban’ from ‘the 
rural’ constitutes itself not at the extremes, but somewhere around the 
middle, we generate for the combined, probability-based approach a 
three-part classification: high probability of being ‘urban’ or ‘rural’, as 
well as a ‘range in between’. By the latter class, we define the uncertainty 
for the quantification of the degree of urbanization. For classification, 
we apply the standard deviation around the median to narrow down the 
range. This range of uncertainty naturally has grid cells along the 
continuous range of probabilities that are closer to ‘the urban’ or to ‘the 
rural’. We subclassify these again into three classes based on quantiles of 
population for these designated areas. 

3.2. Study area and data 

Our study site is Germany. The degree of urbanization for the 
country is given at 80.3% (UN, 2020). These statistics refer to the spatial 
level of municipalities with more than 5000 inhabitants (DeStatis, 
2020), i.e. a territorial approach is used. Despite this apparent clarity, 
other approaches go beyond the simple urban-rural dichotomy. Eurostat 
(2021), as an example, differentiates the degree of urbanization ac
cording to densely populated (cities), medium population density 
(towns and suburbs), and sparsely populated (rural). At a spatial grid 
level of 1km2, ‘the urban’ is classified here as clusters of neighboring grid 
cells with a density of at least 300 inhabitants per km2 and at least 5000 
inhabitants suggesting the degree of urbanization for Germany at 69.6%. 
These two examples show how different approaches applying different 
spatial levels and different variables and corresponding thresholds cause 
different results. The latter conceptualization indicates that a dichoto
mous distinction could fall short with regard to the complexity of urban- 
rural gradients or continua. With our proposed classification of the de
gree of urbanization based on probabilities and with a range of uncer
tainty, we believe that the susceptibility of statistics can be mastered in a 
more differentiated way than with a dichotomous characterization of 
the territory. 

We apply the different constitutions of ’the urban’ to entire Germany. 
We do this because here, in comparison to the continental or global 
input data used in the cited studies above, the spatial and thematic 
resolutions of the available data is particularly good and yet area-wide 
and consistent. 

For our analysis, we use as basic data sets (1) administrative units of 
Germany at the municipality level as provided by German Federal Agency 
for Cartography and Geodesy (BKG) (BKG, 2020, 2) census data on 
population. Here, we rely on population data projected to 2018 based on 
the 2011 census from the German Federal Statistical Office. Population 
information is available at 100x100m grid cells (DeStatis, 2020, 3) level- 
of-detail-1 (LoD-1) building models. Here, we rely on the official LoD-1 
building model (BKG, 2021) which provides the building ground 
floors and the height of the building, and (4) data from publications on the 
degree of urbanization. We rely on the data published in the World Ur
banization Prospects (UN, 2020). 

Based on these raw data, we further process the data to obtain the 
following indicators: (5) building structural type. As discussed above, we 
assume that multi-family houses (including high-rise buildings, block 
development, etc.) constitute structurally urban forms of living. Thus, 
we specify two different classes, namely urban and rural structural 
building types. Using the designated function of the buildings based on 
the official real estate cadaster (ADV, 2008), buildings are differentiated 
into residential and non-residential buildings in a first step. Buildings in 
federal states of Germany that do not include a differentiation of the 
respective functions are classified using a Random Forest approach 
(Droin, Wurm, & Sulzer, 2020; Wurm, Schmitt, & Taubenböck, 2016). 
Furthermore, Droin et al. (2020) differentiated the designated 

residential buildings into four thematic classes (detached, semi- 
detached and terraced houses are understood as rural and multi- 
family houses (MFH) are understood as urban, cf. Section 3.1.). We 
use this classification to derive an (6) estimation of population numbers. 
We disaggregate the population data from the 100 × 100 meter grid 
onto the available living space in the residential buildings from (5). 
From the LoD-1 building heights, we calculate the number of floors from 
building height based on established correlations between the two 
variables (Wurm et al., 2019; Wurm, Taubenböck, Schardt, Esch, & 
Dech, 2011). Hence, we derive the living area per building and disag
gregate the population proportionally by a linear disaggregation model. 
With it, we achieve people per residential building. 

4. Results 

As already mentioned, the story is told that in principle the urbani
zation process is largely completed in Western countries (e.g. Zukunft
sinstitut, 2021). The benchmark for Germany is 80.3% of the population 
already lives in urban areas and the trend is rising (UN, 2020). In the 
following, we show variants of such statistics that question these general 
narratives and we propose a procedure to present these statistics in a 
more nuanced way. 

4.1. The territorial approach 

What is classified as ‘urban’ is highly heterogeneous between coun
tries. If one applies these multitudes of used thresholds across the globe 
to the administrative areas of Germany, one obtains very heterogeneous 
degrees of urbanization indeed. In this range of thresholds, one extreme 
is 200 inhabitants per municipality (applied in Iceland, Greenland, 
Australia, Denmark). Applied to Germany means that 99.9% - almost the 
entire population - would be classified as ‘urban’ (Fig. 1). The other 
extremes are, if the Japanese threshold of 50,000 inhabitants per mu
nicipality is applied, that only around 41.0% of Germany’s population 
would be considered ‘urban’. Angel et al. (2018) even propose 100,000 
people or more for the classification of the ‘urban’ to ensure a focus on 
cities. In this case, even only 32.1% would be classified ‘urban’ in Ger
many. Fig. 1 provides an overview of the quantitative share of the 
population classified as urban versus rural in a progression diagram 
using the different national thresholds. It becomes clear that the range 
between 99.9% and 32.1% is extremely wide. 

These applied thresholds and the related variable, of course, have 
spatial implications on the degrees of urbanization. If we again focus on 
the extremes, then according to the Icelandic definition, virtually all of 
Germany is mapped as urban (Fig. 2a). Both, in the context of the con
ceptual differentiation between ‘the urban’ and ‘the rural’ in general, as 
well as in the sense of what we understand as urban, i.e. a dense form of 
living, this threshold value seems nonsensical for Germany. The 
threshold applied in Japan (>50,000) or the even more restrictive one of 
Angel et al. (2018) (>100,000), in turn, identify only large cities and few 
metropolitan areas such as Berlin, Hamburg, Munich or the Rhein-Ruhr 
area as urban. Small and medium-sized towns, however, are classified as 
rural (Fig. 2a). From these extremes, one can conclude that a meaningful 
threshold must lie somewhere in between. However, there can be no 
unequivocal true or false. It is evident in the gradations in between, that 
setting a threshold will always lead to discussions. 

To add to these variants, some countries apply not just an absolute 
threshold, but a second condition for the classification of ‘the urban’. The 
combination of absolute population numbers with a population density 
threshold adds to the complexity. Classifying the urban at e.g. 1000 
inhabitants and a population density at 400 inhabitants per km2, as 
Canada does, makes an immense difference compared to the threshold of 
1000. Fig. 2b illustrates the enormous spatial impact. Here, too, it is 
predominantly the large cities and metropolitan areas that remain. 
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4.2. The grid-based approach 

For the grid-based approach, we apply three different variables for 
mapping: the building density, the population density and the share of a 
certain building type. The mapping results are generally not as contin
uous as the administrative level apparently; rather, a porous picture of 
the settlement area emerges (Fig. 2c, d, e). The threshold values illus
trated, as examples, also show a very variable, cartographic picture here: 
From the very low threshold of 5% of building density, which then 
classifies ‘the urban’ widely beyond the area of what is regarded as large, 
medium and small-sized cities to the threshold of 40% of building 
density, where even within the metropolises only the centers remain 
urban. It shows again that almost any image can be created. 

If we systematically calculate thresholds for all variables from the 
minimum to the maximum, all of Germany is classified as ‘urban’ at the 
minimum and at the maximum it is classified as completely ‘rural’. The 
course between the extremes shows us the respective degree of urbani
zation in relation to the particular threshold applied (Fig. 3). 

For interpretation purposes, let us compare the results in Fig. 3 with 
the United Nations benchmark that Germany is 80.3% urbanized: If we 
use the variable ‘building density’ to match these 80.3%, we find that 
this would be the case from a threshold value of 4.7% (see Fig. 3a1). If 
we reference the urbanization rate of 80.3% to the variable population 
instead of building density, then this would be the case for a threshold of 
11.2% (see Fig. 3a2). And if we use the share to the maximum value of 
population density in Germany per grid cell, then this would be the case 
for a threshold of 6.9% (see Fig. 3b). Finally, if we reference the 80.3% 
degree of urbanization on the share of MFH, this would be the case from 
a threshold of 1.4% (see Fig. 3c). All of these threshold values derived to 
achieve the 80.3% degree of urbanization as suggested by the UN (2018) 
appear to have comparatively low densities, both in terms of the built 
landscape as well as for population. Studies that deal with suburban 

structures, i.e. in peri-urban areas that are generally assumed to be of 
low-density, show densities in the medians that are 15% in the lowest 
range, but around 20% appears to be much more characteristic (e.g. 
Taubenböck, Kehrer, & Wurm, 2015). Thus, the built structures that are 
counted as urban using the 80.3% degree of urbanization do not seem to 
correspond to what we perceive as urban. 

4.3. A probability-based approach for specifying the degree of 
urbanization in a differentiated way 

Which variable for the classification of ‘the urban’ versus ‘the rural’ is 
best, which threshold is suitable, which spatial entity makes sense? This 
cannot be said with any certainty. To nevertheless arrive at a statement 
of how urbanized Germany is, we propose the combination of all the 
different conceptual approaches introduced above. In our example, we 
choose the combination of 29 variants (cf. Section 3.1.). The result is a 
classification at grid level, which allows a probability-based allocation 
to ‘urban’ or ‘rural’ (Fig. 4). The illustration shows the complexity of the 
problem in that the graded probabilities are a product of conceptual, 
parametric, and threshold-based variations. 

The suggested three-part classification, i.e. high probability of being 
‘urban’ or ‘rural’, as well as a ‘range in between’, allows a differentiated 
quantification: We can safely say that 1.9% of Germany’s land area has a 
clearly urban land cover. It is remarkable that on this comparatively 
small area, almost 50% (41.59 million) of the population resides. In 
other words, Germany is at least 50.0% urbanized. 32% of the area, in 
turn, is clearly assigned to a rural land cover. However, only 3.95 million 
people (4.8%) live there. The 66.1% of the land area or the 45.3% (37.65 
million) of the population between these clear classifications could of 
course also be classified dichotomously into urban and rural according 
to a methodological specification. The probabilities for one of the two 
classes, however, are not so clear-cut; they represent a kind of transition. 

Fig. 1. Degree of urbanization for Germany depending on the population thresholds applied (thresholds as in UN, 2020 as well as from Angel et al., 2018) at 
administrative units. 

H. Taubenböck et al.                                                                                                                                                                                                                           



Computers, Environment and Urban Systems 95 (2022) 101830

6

Fig. 2. Degrees of urbanization for Germany: at administrative units depending on a) national population single thresholds, and b) on national thresholds combined 
from absolute population and density (thresholds as in UN, 2020 as well as in Angel et al., 2018); at grid-level depending on c) a selected threshold on the share of 
multi-family homes per grid cell, d) a selection of thresholds on the building density, and e) a selection of thresholds on the population density relative to the 
measured maximum value of population density in Germany. 

H. Taubenböck et al.                                                                                                                                                                                                                           



Computers, Environment and Urban Systems 95 (2022) 101830

7

To present this transition in a more differentiated way, we have sub- 
classified this range of uncertainty based on quantiles. With it, we 
count another 18.1% of the population closer to ‘the urban’, and 12.6% 

correspondingly closer to ‘the rural’ (Fig. 4). 
In other words, in this conceptualization Germany is certainly at 

least 50.0% urbanized, probably as much as 68.1% of the population. 

Fig. 2. (continued). 
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And, Germany is certainly rural to at least 4.8% of the population, 
probably as much as 17.3%. The missing 14.6% feature a high level of 
uncertainty according to our probability-based approach. We thus do 
not assign these to a type and these remain in the “range in between” 
class. This type of land cover is sometimes regarded as suburbia, inter
mediate city (Zwischenstadt) or settlement mash. We believe that this 
more nuanced, multi-part specification allows for a more differentiated 
statement about the degree of urbanization. 

5. Discussion 

“The world is becoming an urban one” has been embraced as meta- 
narrative by influential thinkers, researchers, practitioners or 

politicians (Burdett & Sudjic, 2011; Glaeser, 2010; Ash, Jasny, Robert, 
Stone, & Sugden, 2008; Sennett, 2018; UN, 2018, among many others). 
This narrative is repeated with monotonous regularity across diverse 
discursive, scientific, social, economic, environmental, institutional and 
political terrains (Brenner & Schmid, 2013). The referenced urbaniza
tion trend is certainly correct to describe one of the main processes of 
global change. However, our study shows that this statement is based on 
an inconsistent conception and that the numbers can easily be mis
interpreted or manipulated. So, what does this mean? 

First of all, we have to constitute: The figure that 56.6% of the 
world’s population lives in urbanized areas (UN, 2018) arises from the 
synopsis of national statistics. As a compendium of national realities, it 
has therefore absolute justification. However, the global figure cites 

Fig. 3. Degree of urbanization for Germany depending on the thresholds applied at grid level; a1) thresholds for % building ground area/ha with respect to the 
building density, and a2) with respect to the population; b) thresholds for % population/ha with respect to the population; c) thresholds for % MFH/ha with respect 
to the share of MFH. The horizontal dotted blue lines indicate the 80.3% degree of urbanization as suggested by the UN (2018). The vertical dotted blue lines indicate 
the particular threshold to achieve the 80.3% degree of urbanization for Germany. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.) 
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results from a highly inconsistent approach. In our view, it will only 
remain valid if the inconsistency of the methodological calculation is 
clearly stated and the uncertainties are thus expressed. If one projects, as 
we have done in this study, e.g. the extremes of the thresholds used 
across the globe to Germany in a consistent manner, the range of results 
is from 32.1% to 99.9% urbanized. This range shows how fragile the 
statistic is and it does not really allow any truly justified statement about 
the degree of urbanization on our planet. Thus, we should always crit
ically question the accepted and often used statistics so that they cannot 
be reinterpreted depending on the particular direction of any ideological 
argument. While the trend towards higher population shares in urban 
areas may certainly be correct, any absolute share given by any study 
must be viewed with caution. Since facts in the spatial sciences, as 
shown, contain ambiguities, we tried to ensure (decisional) trans
parency (Beerbaum & Puaschunder, 2019), and explainability (Benke & 
Benke, 2018), i.e. we made our conceptual thinking, the specific sources 
of data used and the ones not used or not available, the applied methods 
and the interpretation of variable results transparent. 

Secondly, it becomes obvious that it is difficult to determine how 
urbanized our empirical example of Germany de facto is. With a closer 
look to our results, however, from our point of view, Germany is by far 
not as ‘urban’ as commonly assumed. The UN (2020) set the degree of 
urbanization to 80.3% based on the threshold value 5000 inhabitants 
per administrative unit. Eurostat (2021) defines the degree of urbani
zation for Germany at 69.6% using a 1km2 grid and clusters of neigh
boring grid cells with a density of at least 300 inhabitants per km2 and at 

least 5000 inhabitants. It is clear to us that any specification of meth
odological approaches and thresholds must lead to opposition. Never
theless, we would like to make the following arguments here: In our 
experience, the self-perception of German citizens in places with 5000 or 
only slightly more inhabitants is by no means an entirely or unambig
uously urban one. If we additionally allow for the structural perspective 
at grid-level, i.e. that urban also means a dense form of living in multi- 
family buildings, then we even measure much lower figures. And, to 
achieve e.g. the suggested 80.3% at grid-level, building density values 
need to be set at 11.2% or even only to 4.7%. These are building den
sities that are lower than typical densities of areas of single-detached 
houses which are often located at the transition between urban and 
rural. We therefore propose a different way of presenting the degree of 
urbanization: A differentiated representation over a range of un
certainties. By combining different approaches, we can definitely say 
that 50.0% of the population in Germany is urbanized, 4.8% is rural. The 
range in between of 45.3% is fraught with uncertainty. But this can be 
differentiated as well, further 18.1% tend to be closer to ’the urban’, 
further 12.6% tend to be closer to ’the rural’, and 14.6% feature such a 
high level of uncertainty that we classify them to the ‘range in between’ 
class. This ‘range in between’ is a spatial location and empirical 
description of an urban-rural transition zone, which correspond to 
conceptual terms such as urban-rural continuum or the urban-rural 
gradient. The combined, probability-based approach allows us, 
through the high spatial resolution of the grid-level, to differentiate the 
degree of urbanization within administrative areas: for example, the 

Fig. 4. Degree of urbanization for Germany based on the proposed probability-based approach: Cartographic illustration and statistics on population and area shares.  
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probability of being classified ‘urban’ for a single-family residential area 
in a metropolitan community is higher than for a comparable single- 
family residential area in a low-density, village unit. We think that 
there is more clarity in this complication of the classification. In 
consequence, we believe from these figures that the degree of urbani
zation in territorial and structural terms is far from the indicated 80.3% 
or 69.6%. Thus, we conclude that we are far from the meta-narrative 
that urbanization is nearly complete in Germany. It is obvious that a 
higher proportion of the degree of urbanization should be in line with 
efficient land use, less land consumption and higher degrees of settle
ment density. However, it remains to be remembered, that this state
ment of lower degrees of densities in spatio-quantitative numbers could 
also be calculated with other variants which might change the numbers. 
And, this particular approach does not necessarily apply to an urban 
lifestyle which possibly make up higher proportions of the population. 

This latter argument leads us, thirdly, based on the data available and 
applied here, to the remark that our approach is reduced to the variables 
building density, population density, and the share of certain building 
types. The ‘urban’ does also have other manifestations: The indicated 
urban lifestyle, which increasingly applies not only to city dwellers but is 
becoming the model of lifestyle in general, is not considered in our 
study. It manifests itself by a porous spatial form that applies more to 
people than to territorial forms of society. It is the formation of different 
spatial logics that produce their own logic of socialization through 
density in space (Held, 2005). Multi-criteria approaches using physical, 
demographic as well as socio-economic variables try to take that into 
account (e.g. Küpper, 2016). The data specifically for such multi-criteria 
approaches beyond physical and demographic domains, however, are 
unavailable at the very high spatial grid-resolution applied in our study 
and therefore cannot be integrated here. It is perfectly clear to us that 
our assumptions are abstracting reality: single-family homes, as 
example, framed by dense, urban block developments may have to do 
more with the urban (life) than isolated block developments in a rural, 
village setting. We account for this by showing what different shares of 
MFHs mean with respect to being classified as ‘urban’ or ‘rural’ by 
systematically testing thresholds over the fraction of MFHs at grid level. 
In our combined, probability-based approach, we apply a distribution of 
thresholds of 1, 25, 50,75 and 99% along the entire range, i.e. we 
consider that there can be no clear right or wrong for the classification. 
This approach, for all its systematic nature, is of course only one con
ceptual approach among many possible ones. It is the attempt to 
combine the most diverse conceptual approaches as the categorization 
into urban versus rural remains a socially constituting feature. Thus, we 
think the spatial-quantitative delimitation of these categories, as done in 
our study, remains necessary: it combines several perspectives and thus 
approaches the topic in a more multi-faceted way than with one or two 
variables, but it is clear that it is not a holistic perspective. 

Fourthly, our input data is comprehensive, largely consistent and 
features, compared to data sets in other large area studies on the degree 
of urbanization, spatially and thematically unprecedented resolutions. 
And, since the data sets come from official databases, we are convinced 
that the errors are comparatively small and our result is generally reli
able. Nevertheless, they contain errors, in completeness, in consistency, 
in accuracy. We cannot quantify this error here due to the lack of better 
data sets, and thus the impact on our analyses cannot be quantified. 

Fifth, there is now a need for a consistent approach beyond our 
sample of Germany to be able to determine the degree of urbanization 
better and make it more comparable. However, geodata on the indi
vidual building level comparable to our cadastral data are not available 
globally. And yet, there are high resolution and even freely available 
cadastral building data, e.g. in France (IGN, 2022), the Netherlands 
(PDOK, 2022) or Luxembourg (Le Governement du Grand-Duché de 
Luxembourg, 2022). Other data sets from remote sensing or community- 
based approaches such as Open Street Map (OSM) are also possible input 
data at the individual building level: Remote sensing-based continental 
building data, e.g. for Africa (Sirko et al., 2021), South America and 

Australia (Microsoft, 2022), and national building data for the US, 
Canada, Uganda, Tanzania, Nigeria, Kenya (Microsoft, 2022) have been 
derived; however, yet with lower accuracies than cadastral data. OSM 
data with complete and accurate building footprint coverage exist 
especially in urbanized areas; however, country-wide coverage is often 
not given (as e.g. researched by Salvucci and Salvati (2022) for Italy). At 
the global level, more and more geodata on settlement areas (especially 
from earth observation, e.g. the Global Urban Footprint (Esch et al., 
2012), the Global Human Settlement Layer (Pesaresi et al., 2013), or the 
Global Impervious Surface Area (GISA) (Huang et al., 2021), among 
others, become available. For global studies, we still have to make 
compromises in terms of spatial and thematic resolution – one reason 
why we have focused on Germany only for this study to experiment with 
the spatially and thematically unprecedented resolutions. A promising 
approach without the need for high resolution geospatial data on 
building footprints or settlement areas is machine learning. The proba
bilities for being urban, as classified in our study for Germany, can serve 
as a training dataset. The capabilities applying such classifiers on area- 
wide remote sensing input data have yet to be systematically explored. 
We are fully aware that there cannot be one and best method or 
threshold. We even believe that the systematic test of thresholds and the 
elaboration of a probability-based range, as we have done for Germany, 
is needed to be able to grasp the status quo more clearly. By this 
example, we are more concerned with reigniting the discourse. The 
point is that we want to make clear: we must not accept the widely 
unquestioned meta-narrative as the only truth per se. We want to call for 
constantly questioning ourselves about concepts, data, methods and 
perspectives. Here we plead for approaches that are more interdisci
plinary and pragmatic, i.e. what constitutes the ‘urban’ has to be illu
minated by demographers, geographers, spatial scientists as well as by 
sociologists, economists, psychologists or lawyers, among others. In 
order to then generate consistent approaches, one must pragmatically 
fall back anyway on existing, accurate, area-wide data sets. In this field 
of tension, it is worth getting closer to the truth. 

And sixth and last, the places of life, ‘the urban’ vs. ‘the rural’ are 
sometimes ideologically, sometimes emotionally charged. A factual 
discourse, a social, ecological, economic, demographic, or political 
discussion of direction, must make room for a more differentiated 
approach. This study attempts to do just that, to put the status quo on the 
topic of the degree of urbanization on better, more differentiated 
empirical facts. It has been shown that urban and rural life have highly 
different implications: Higher density, for instance, is resource-saving 
(e.g. Bettencourt, 2007), it increases creativity and productivity (e.g. 
Glaeser, 2010), among many other effects. At the same time, this is offset 
by higher exposures to air (e.g. Müller, Erbertseder, & Taubenböck, 
2022) or noise pollution (Staab, Schady, Weigand, Lakes, & Tau
benböck, 2021), by higher living costs, among other effects. Only both, 
the reliable knowledge of the effects, and the reliable knowledge of how 
the distribution actually is, allow a discourse. In this paper, we tackled 
the latter for better empirical evidence in the hope to benefit policy
makers on the global and national levels working on agendas. 

6. Conclusion 

It can be frustrating to answer the guiding question of this paper ‘how 
urbanized is Germany?’, with ‘it depends’ in the conclusion. It depends on 
the concept, the data, the spatial units of measurement, the variables or 
the thresholds applied. In consequence, we conclude that there is a lack 
of that one and best concept, set of data or methods and just accept that 
it does not exist. Here, we proposed that the combination of different 
approaches resulting in a probability-based range of the degree of ur
banization providing uncertainties seems to fit the question better. We 
suggest that further research is needed that could complement this 
method with other appropriate approaches. Therefore, we advocate 
reconsidering simple and often superficial dichotomous classifications 
and we propose in this contribution a more differentiated way of 
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specifying the degree of urbanization. 
We believe based on our empirical set-up that Germany’s degree of 

urbanization is between certainly 50.0% up to possibly 68.1% of the 
population. We must allow this ambiguity, we must allow more narra
tives instead of the intended single truth, because in spatial science, 
rarely anything is unambiguous. Nevertheless, this means that the de
gree of urbanization in Germany is, in our estimation, lower than pre
sented by other statistics. 

While this is a clear result, we believe that still more and different 
concepts, data and methods from various disciplines are needed – 
concurrently and side by side. This corresponds to the call of Acuto, 
Parnell, and Seto (2018) that bringing together scholars from disparate 
fields and reorganizing existing knowledge domains for a trans
formation of current science – policy interfaces is in demand for a better 
understanding of ’the urban’. For the comparably data-rich situation in 
Germany, as applied in this study, a complement to the applied physical 
approaches on building density and types and to the population density 
would be, e.g., data on lifestyles, behavior pattern or attitudes; at the 
global level, physical or population related approaches cannot rely on 
such high-resolution data and accuracies yet, and much less so in so
cioeconomic or other data. Here this presented approach needs to be 
adapted to the data circumstances. We suggest that it takes both, more 
different approaches based on other and different data as well as the 
systematic tests of thresholds to draw a more reliable, more holistic 
picture of the degree of urbanization. The different results, when viewed 
together, as we have done here for Germany, promise a clearer, more 
differentiated picture of the degree of urbanization, without concealing 
statistical ambiguity. The acceptance that the world is more complex 
than mathematical correct results is the basis for this. And, the accep
tance of lower urbanization degrees than commonly used, demands for a 
re-consideration of political argumentation, policy development and 
re-doing empirical research on different implications of ’the urban’ vs. 
’the rural’. 

We believe the extension of these multiple approaches to a multidi
mensional perspective or to larger areas, even the whole world, is 
necessary to really test the meta-narratives. From our perspective, the 
German meta-narrative needs to be adapted, and we would not be sur
prised if it were similar for the entire world. 
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Bartosiewicz, B., & Marcińczak, S. (2020). Investigating polycentric urban regions: 
Different measures–different results. Cities, 105. https://doi.org/10.1016/j. 
cities.2020.102855 

Batty, M., Besussi, E., Maat, K., & Harts, J. J. (2004). Representing multifunctional cities: 
Density and diversity in space and time. Built Environment, 30(4), 324–337. https:// 
doi.org/10.2148/benv.30.4.324.57156 

Beerbaum, D., & Puaschunder, J. M. (2019). A behavioral economics approach to 
digitalization: The case of a principles-based taxonomy (pp. 107–122). Emerging 
Research and Opportunities (IGI Global): Intergenerational Governance and 
Leadership in the Corporate World. 

Benke, K., & Benke, G. (2018). Artificial intelligence and big data in public health. 
International Journal of Environmental Research and Public Health, 15(12), 2796. 
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Frankfurt am Main/New York: Campus.  

Bettencourt, L. M. A. (2007). The origins of scaling in cities. Science, 340, 1438–1441. 
Bocquier, P. (2004). World Urbanization Prospects: an alternative to the UN model of 

projection compatible with urban transition theory. No. DIAL Working Paper DT/2004/ 
08. 

Brenner, N., & Schmid, C. (2013). The ‘Urban Age’ in Question. International Journal of 
Urban and Regional Research, 20–21. http://www.urbantheorylab.net/site/assets/fi 
les/1014/brenner_and_schmid_ijurr.pdf. 

Budde, R., & Neumann, U. (2018). The size ranking of cities in Germany: Caught by a 
MAUP? GeoJournal, 84, 1447–1464. 

Buettner, T. (2014). Urban estimates and projections at the United Nations: The 
strengths, weaknesses, and underpinnings of the world urbanization prospects. 
Spatial Demography, 2(2), 1–16. 

Bundesamt für Kartographie und Geodäsie (BKG). (2021). Dokumentation 3D 
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Wurm, M., Schmitt, A., & Taubenböck, H. (2016). Building types classification using 
shape-based features and linear discriminant functions. IEEE Journal of Selected 
Topics in Applied Earth Observation & Remote Sensing., 9(5), 1901–1912. 
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