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ABSTRACT
This article presents a new methodology, the degree of urbanisation, and its application to
the globe. The degree of urbanisation relies on a population grid to classify local units into
three classes: cities, towns & suburbs, and rural areas. These three classes can be further
disaggregated into cities, towns, suburbs, villages, dispersed rural areas and mostly
uninhabited areas. The population share in rural areas as defined by the degree of urbanisation
is similar to the share reported based on national definitions in most countries in the Americas
and Europe, but radically different in many African and Asian countries. A possible
explanation for these differences is that in Africa and Asia smaller settlements are considered
rural, while they are classified as urban in Europe and the Americas. An analysis of the
definitions reported by the UN and attempts to replicate these nationally defined shares using
density and population size criteria indicate that the national definitions differ too much in
theory and in practice to make them suitable for international comparisons. The global share
of population in cities over 300,000 inhabitants, however, is identical between the national
definitions and this new method. This implies there is a broader consensus on what is a city
than on what is urban and rural. This new definition has been applied to two new global
population grids with different methods. In countries where population data is available for
very small spatial units, the results are almost identical. In countries where population data
is only available for very large units, the results vary substantially. The discrepancies are
particularly wide in several African countries. Nevertheless, both grids classify a
substantially larger share of the global population as living in urban areas (defined as
settlements of 5,000 inhabitants or more) than the UN figures do.
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1. INTRODUCTION

This paper argues that the data based national definitions of urban and rural areas as reported to the
UN are not suitable for international comparisons. Although the UN the World Urbanization
Prospects (UN DESA, 2018) clearly indicate that this data is based on national definitions and list
a description of them in the annex, many scholars and journalists have taken this data as sufficiently
harmonised to use for cross country comparisons and global assessments. For example, the coming
massive wave of urbanisation which has been discussed so is purely based on data using national
definitions.
To encourage scientists to shift to a new paradigm (Kuhn, 1970), however, pointing out the flaws
of the current approach is not enough. A new approach that overcomes these flaws is needed. That
is why this paper presents a harmonised definition, the degree of urbanisation. In addition, it applies
it to a new global, free and open population grid, which reveals a radically different picture of
global urbanisation. Some uncertainty remains, as the spatial resolution of the population data
available for some countries is still quite low. Fortunately, more and more statistical offices see the
value of producing a population grid based on a geo-coded census or a geo-coded population
register. The upcoming census round will allow these estimates of urban and rural population to
become more accurate.
The method and the data in this paper represent a major breakthrough as it is the first time that a
complete list of cities was created endogenously. Other research so far relies on exogenous list
cities and settlements. Therefore, this research will reproduce all the biases present in the national
city and settlement lists. This is the case for the World Bank agglomeration index (Uchida and
Nelson, 2009), Global Rural-Urban Mapping Project (GRUMPv1) (CIESIN (Center for
International Earth Science Information Network), 2011) and the Making room for a planet of cities
(Angel et al., 2011).
The paper is structured as follows. The first section analyses in the national definition of urban and
rural areas as reported by the World Urbanization Prospects (UN DESA, 2018) produced by the
UN DESA Population Division. The second section describes the degree of urbanisation and the
data sources used to apply this to the globe. The third section compares the results from the two
sources first for the split between urban and rural areas and secondly for the cities of more than
300,000 inhabitants. The last section concludes that a paradigm shift is needed away from using
national definitions and towards a global, people-based harmonised approach.
The work reported here has been done in the framework of a voluntary commitment to develop a
global, people-based definition of cities and settlements which was launched at the UN-Habitat III
conference in 2016. The development of this new definition is the joint project of the European
Commission, the Food and Agriculture Organisation (FAO), the OECD, the World Bank and UNHabitat. The goal of this commitment is to present this definition to the UN Statistical Commission
for discussion and, hopefully, approval in March 2020. Within the framework of this voluntary
commitment, another linked definition is being tested at the global level, the EU-OECD Functional
Urban Area definition.
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2. THE DIFFERENT TYPES OF NATIONAL DEFINITIONS

2.1. Definitions using population size
The World Urbanization Prospects (2018) includes the population share in urban and rural areas in
233 countries and areas. About half of the definitions described in the methodological annex, (118)
include a minimum population size, either exclusively or in combination with other indicators or
criteria. A specific size threshold is mentioned in this annex for 100 countries. Of these, the vast
majority (85%) use a threshold of 5,000 or less (see Figure 1). The most popular thresholds are
5,000 with 27 countries and 2,000 with 24 countries. Japan and China are outliers with thresholds
that are ten to twenty times higher, respectively 50,000 and 100,000 (WUP 2018).
The impact of a population size threshold depends on the size of the spatial units used. If the units
are small in area, many places will drop below this size threshold include small units in a city. If
the units are very large in area, many will surpass the threshold including in rural areas. This
statistical distortion linked to the shape and scale of the spatial unit is a classic problem known as
the modifiable areal unit problem (Gehlke and Biehl, 1934).
Population density is highly sensitive to the size of the spatial unit, which is probably why relatively
few countries use it. Only 17 countries are reported as using density as a criterion. Only for 10
countries is the actual density threshold is reported. It varies from 150 inhabitants per sq km in
Germany and 200 in Cambodia to 1,500 in China and the Seychelles. In addition, census
enumeration areas tend to be small in areas with a high population density and large in area with
low population density, which leads to distortions at both end of the density spectrum.
Figure 1 Population size thresholds to define urban population
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2.2. Municipalities, localities and settlements
A big obstacle to defining cities and settlements is the lack of consistent data with a high spatial
resolution. The UN census recommendations underline that localities should not be equated with
the smallest spatial units because a spatial unit can contain multiple small localities and a big
locality can be spread across multiple spatial units.
6

Localities as defined above should not be confused with the smallest civil divisions of a
country. In some cases, the two may coincide. In others, however, even the smallest civil
division may contain two or more localities. On the other hand, some large cities or towns
may contain two or more civil divisions, which should be considered as segments of a
single locality rather than separate localities. (para 2.79)1
In other words, settlements (or localities) should be defined independently from civil or
administrative divisions. For example, Finland defines an urban area as a population settlement
of at least 200 inhabitants, where the distance between residential buildings is no more than 200
meters2. In this definition, the first step is to create clusters of residential buildings and only then
to count population. It does not directly measure the clustering of population, because historically
the data on buildings had a higher spatial resolution than the population. A cadastral map with the
outline of each building has a spatial resolution of a few meters, while the resolution of
population data varied with the size of spatial unit which range from less than one square
kilometer to several thousand square kilometers.
The UN recommendation defines a locality as a distinct population cluster (para 2.78). If the
exact location of the population is known, there is no need to make a detour to measure the
distance between residential buildings to map population clusters. With growing use of geocoded censuses, geo-referenced population registers, the accuracy of population data is much
higher which allows the direct identification of population clusters.
2.3. Definitions relying on administrative designation
About half (114) the definitions described in the methodological annex use an administrative
designation, either exclusively or in combination with other indicators. For international
comparisons, the drawback of using administrative designations is that they cannot be applied to
other countries. In other words, half of the definitions are not replicable and call into question the
comparability of such definitions.
Administrative designations vary. Some list a number of local authorities, as for example Trinidad
and Tobago does. Some have an administrative rule. Brazil, for example, requires that every
municipality or district, no matter how small or low density, has an administrative centre that is
defined as urban. Others combine an administrative designation with a more statistical definition.
For example, Zimbabwe’s definition includes both places officially designated as urban and places
with 2,500 inhabitants or more whose population resides in a compact settlement pattern and where
more than 50 per cent of the employed persons are engaged in non-agricultural occupations.
2.4. Other criteria: agricultural employment, infrastructure and services
Three other requirements appear frequently in urban and rural definitions: agricultural employment
(37 definitions), certain types of infrastructure (19) and certain services (17). The biggest drawback
of such definitions is that they can give rise misleading conclusions. Based on these type of
requirements, urbanisation (i.e. an increase in the share of people living in urban areas) can occur
without any population growth or movement. For example, in India a settlement can only be urban
if less than 25% of the male working population is employed in agriculture. So a settlement of
500,000 can become urban without any population growth or movement, just because its
agricultural employment drops below 25%. The same is true of the presence of specific types of

1
2

https://unstats.un.org/UNSD/Demographic/sconcerns/densurb/densurbmethods.htm
http://www.stat.fi/ajk/tiedotteet/v2008/tiedote_001_2008-01-15.html
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infrastructure or services. A settlement can become urban when using such definition merely by
the provision of infrastructure or services without any population change.
Given that the urbanisation is typically understood as involving population change, which in turns
necessitates further investments in infrastructure and service provision, these definitions can be
misleading. Taking the example of infrastructure provision, if in a country becomes more urban
because it has provided more infrastructure to multiple settlements, it actually needs less
investment in urban infrastructure, but its growing share of population in urban areas will be used
to argue the opposite.
In addition to these conceptual differences in defining urban and rural, these three criteria also face
two empirical obstacles: big differences between countries and over time and no data availability
that can be compared across countries.
Agricultural employment is monitored on annual basis at the national and often the sub-national
level and is typically included in a census. Therefore, data availability is not the issue here, but the
big differences make it difficult to use a singly threshold in all countries or using the same threshold
over time. For example, the global employment share in agriculture dropped from 43% in 1991 to
26% in 2017 (International Labour Organization, 2018) . Given the magnitude of this reduction,
using a single threshold over time would lead to rapid reductions in rural areas (without any
population change). From a global perspective, the biggest challenge, however, is the differences
between countries. In high income countries, the share of agricultural employment in 2017 was 3%
compared to 68% in low income countries. India uses a threshold of 25% agricultural employment,
Zimbabwe uses 50%. Applying these thresholds to the high-income countries would mean that
they would become entirely urban. Also the other two criteria are likely to classify all of the highincome countries as urban, because access to infrastructure and services tends to be high in almost
all of their rural areas, at least from a global perspective.
The availability of harmonised data is a big obstacle to using infrastructure or services in a global
definition of urban and rural areas. Defining and measuring infrastructure in a harmonised manner
and with high a spatial resolution across the globe will take time. For example, even a relatively
simple indicator such as access to an all-season road cannot yet be mapped across the global. The
UN sustainable development indicator 9.1.1. (rural population living within 2km of an all-season
road) is classified as Tier III, meaning ‘no internationally established methodology or standards
are available.’
2.5. Circular reasoning
Including infrastructure in the definition of urban areas also highlights another risk: circular
reasoning. If rural areas are defined by the lack to infrastructure, then by definition access in rural
areas is going to be low. It actually becomes misleading, to measure access to infrastructure in rural
areas. A rural area that would get better infrastructure would cease to be rural. Thus, infrastructure
investments in rural areas could lead to a deterioration of the measured access to infrastructure in
rural areas because the improved areas would no longer be rural and excluded from this indicator.
This risk of a circular reasoning is quite common. If a rural area is defined as a poor area, by
definition poverty is going to be higher in rural areas and one can no longer monitor rural poverty.
If a rural area is defined by the share of employment in agriculture, the link between urbanisation
and industrialisation becomes tautological. A statement such as ‘Urbanisation leads to lower
employment shares in agriculture.’ could be translated as: ‘More areas with a low share of
employment in agriculture lead to lower shares of employment in agriculture’. This circular
reasoning, however, has not prevented an entire cottage industry arising that analyses and
comments the relation between urbanisation and industrialisation.
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Definitions that rely mostly or exclusively on the presence of buildings also create a risk of circular
reasoning. The amount of built-up land per capita is much higher in rich than in poor countries. For
example, cities in North America have about 400 sq meters of built-up land per inhabitant
compared, around 170 in Europe, 75 in Asia and 50 in Africa (data is based on the global human
settlement and cities defined by the degree of urbanisation). Therefore, the link between
urbanisation and the level of development would be at least in part spurious as built-up area based
definitions of urbanisation have a built in pro-rich-country bias.
Using buildings to define population concentrations is also prevalent in research. For example,
the Atlas of Urban Expansion (Angel et al., 2011) defines a city purely based on the share of
built-up area in cells of 30m by 30m and their proximity to other built-up cells. The global urban
footprint of the German Aerospace Centre (DLR) creates clusters of built-up area starting with
cells of 12m (Esch et al., 2013).
2.6. Empirical evidence that the national definitions are radically different or that
urban areas are lost in translation
One could argue that the exact definitions do not really matter that much and that implicitly there
is an agreement on what is a city and what is a rural area. To verify if the different national
definitions implicit share a similar character, we measured what density threshold reproduces the
same share of urban population as the national definition. This makes the relatively plausible
assumption that urban areas are denser than rural areas.
Let’s compare the USA with India. They use a similar minimum population size. The USA uses a
population size threshold of 2,500 and India uses a population size threshold of 5,000, among other
criteria. In the USA 82% of population lives in an urban area, 82% of the population also lives in
1 sq km grid cells with a density of at least 222 residents per sq km. Based on the national definition,
India only has 33% of its population in an urban area. To capture only 33% of the Indian population,
however, one has to apply a density threshold of 16,705 residents per square km. This is 75 times
higher than the USA threshold. Applying this density threshold to the USA would only classify
1.5% of its population as urban. Map 1 shows the density thresholds for each country that
reproduces the same population share as the urban share when applied to grid cells of 1 sq km.
The size of the unit has an influence on the density threshold. Larger units have lower average
densities. Therefor to capture the same share of population, the density threshold of a larger unit
will have to be lower. For example, using cells of 5 by 5 km, the density threshold for the USA
drops from 222 to 104 and for India it drops from 16,705 to 4,220. The Indian threshold is still 40
times higher. Using 10 by 10 km cells, drops it to 77 for the USA and to 2,121residents per sq km,
still 28 times higher than in the USA. Applying these density thresholds to cells of 5 by 5km and
10 by 10 km cells in the US would lead to classifying only 6% and 13% as urban respectively.
A general picture emerges from this analysis. In the Americas, Europe and Oceania, a low density
threshold replicates the urban population share based on national definitions, while in Africa and
Asia a much higher density threshold are needed. This pattern holds at all three scales (1 sq km, 25
sq km and 100 sq km) with thresholds at least 10 times higher in Africa and Asia. Using the prerelease version of a different global population grid (World Pop) produced similar results.
These very large differences lead to two clear conclusions. The national definitions are radically
different and are not comparable. Applying a harmonised definition based on population size and
density will inevitably lead to very different levels of urbanisation in many countries.
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Map 1 Density thresholds that reproduce national defined urban population shares, 2015

We conducted one more test to verify whether using a definition combining population density and
population size can reproduce the share of urban population based on national definition. For each
sub-region, we identified which combination of population density, applied to a grid cell, and
population size, applied to sum of the population in contiguous cell above the density threshold,
captures the same share of population.
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Figure 2 What combination of size and density thresholds replicates the nationally defined urban
population share, 2015
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If there was a combination that would work for all the sub-regions, then the lines of all the subregions on Figure 2 should cross in a single point. What this test reveals, however, is that in the
Americas, Europe and Oceania only a combination of low densities and small population sizes
reproduce the national share, while in Africa and Asia only high densities and large population size
reproduce the national shares. This supports that hypothesis that urban areas are ‘lost in translation’,
i.e. in some countries, languages or cultures an urban area refers only to large settlements, while in
others it refers to both medium-sized and large settlements.
3. APPLYING THE DEGREE OF URBANISATION TO THE GLOBE USING A NEW
POPULATION GRID
3.1. Addressing the modifiable areal unit problem
Ulaanbaatar, the capital of Mongolia, is a city with 1.4 million inhabitants. The area of the
municipality is particularly big with 4,700 sq km. As a result, the density of this municipality is
very low: less than 300 inhabitants per sq km. Purely relying on municipal densities would
inevitably mean that Ulaanbaatar would be classified as rural.
This example captures one of the main reasons why it is so difficult to define a city. This wellknown is called the modifiable areal unit problem (Gehlke and Biehl, 1934; Openshaw, 1984).
The results of a definition or an indicator calculation are dependent on the spatial units used.
Using units of a different size or shape can produce very different results. Gerrymandering refers
to actively exploiting this to give an unfair advantage to a particular political party when design
voting districts in a first-past-the post system.
Using a population grid reduces the impact of this problem by using units of the same shape and
size (squares). The size of these grid cells was selected to be neither too big nor too small. If the
squares were too big, smaller settlements would be difficult to detect. Too small, and single
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settlements may fragment in multiple pieces. For example, the definition of urbanized areas of
the US Census bureau is based on census tracts which can be very small. It has to rely on a series
of hops, skips and jumps to avoid fragmenting a single settlement (U.S. Census Bureau, 2011).
A last consideration was at what the resolution statistical offices were able or allowed to produce
a population grid. Because ideally, this method is applied to official statistics. All European
statistical offices were able to produce a grid at 1 sq km resolution, whereas only some were able
to produce a finer population grid.
Tests at a 1 sq km resolution showed that in the European context this resolution was neither to
big nor too small. It identified both large and small settlements without fragmenting the results.
As explained below the grid concepts are used to classify other spatial units, like municipalities
or enumeration areas. This does reintroduce the modifiable areal unit problem, as the size and
shape of these units will determine how closely the population distribution in the grid concepts
match the distribution in the three types of administrative of statistical units. In the future more
geo-coded data may be produced, but currently the only way to match these areas with data from
surveys and administrative sources is by matching the grid cells with administrative or statistical
areas that have a name or a postal code.
3.2. The degree of urbanisation as used in the European Statistical System
The degree of urbanisation is applied in a two-step process: First the grid cells are defined based
on density, contiguity and population size. Subsequently small spatial units are defined based on
the type of grid cells the majority of their population resides in.
The degree of urbanisation identifies three types of cells using on a 1 km2 grid
1. An urban centre consists of contiguous grid cells with a density3 of at least 1,500
inhabitants per km2 and has at least a total population of 50,000; gaps in this centre are
filled and the edges are smoothed with an iterative application of the majority rule (if five
out of the eight surrounding cells are part of an urban centre, this cell is added to the
centre).
2. An urban cluster consists of contiguous grid cells with a density of at least 300
inhabitants per km2 and at least a total population of 5,000; and
3. Rural grid cells: grid cells outside urban clusters.

3

Population density is calculated over the land area of each grid cell. This ensures that cells in a city along
rivers, lakes and the sea will be included in the urban centre. This also helps to avoid fragmenting a single
city with a wide river running through it.
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Map 2: Urban centre, urban cluster and rural
grid cells around Cork, Ireland

Map 3: City, towns and suburbs and rural areas
around Cork, Ireland

These three types of grid cells are used to classify small spatial units:
1. Cities have the majority of their population in urban centres
2. Towns and suburbs have the majority of their population in urban clusters, but are not
cities
3. Rural areas have the majority of their population in rural grid cells.
Urban areas are defined as cities plus towns and suburbs.
This harmonised definition has been implemented by all European national statistical institutes in
2012. Eurostat, the Statistical Office of the European Union, now publishes over 100 indicators
by degree of urbanisation. In 2017, the NUTS regulation was amended to include a number of
territorial typologies including the degree of urbanisation and the EU-OECD city definition
(REGULATION (EU) 2017/2391).
The global version of the degree of urbanisation
While developing the global version of the degree of urbanisation, two minor changes were
made: a simplification, an option.
The simplification: In the European version, the contiguity rule for the urban cluster includes the
cells located at the corners, while for the urban centre only the four cells directly above, below or
next are considered. In short, for urban clusters eight cells are contiguous and for urban centres
only four are contiguous. To simplify the method, we opted to use four-point contiguity in both
urban centres and urban clusters. The impact of this change is quite limited: it shifted about 1
percentage point of the global population from an urban cluster to rural grid cells.
The option: In a few developed countries, the standard degree of urbanisation method tends to
generate multiple urban centres in what functions as a single city. This is typically the case if the
country has fairly low-density urban development, a strong separation of land use functions and
population data with a very high spatial resolution. This occurs, for example, in some cities in
Australia and the USA. To remedy this fragmentation, cells that are at least 50% built-up can be
included in the urban centre. Such cells typically contain office parks, shopping malls, factories,
warehouses and transport infrastructure.
3.3. The refined degree of urbanisation: from three to six classes
The original degree of urbanisation identifies individual cities, but does not provide any
distinctions in the other two degrees. The global commitment should define not just cities but
13

settlements as well. As a result, the degree of urbanisation was refined to identify smaller
individual settlements as well:
•

Towns with a population between 5,000 and 50,000

•

Villages with a population between 500 and 5,000

Several languages lack an equivalent term for a town. For example, in Dutch, French, Italian and
Spanish, there are terms for cities and villages, but not for a settlement in between the two. As a
result, the term had to be translated into ‘smaller cities’ to make the distinction. This may
contribute to some of the confusion surrounding discussion of urban areas and cities.
The degree of urbanisation was modified by using the same density thresholds (1,500 and 300
respectively but with lower population thresholds:
•

A town is defined by an urban centre with a population between 5,000 and 50,000,
while a city has an urban centre with a population over 50,000.

•

A village is defined as an urban cluster with a population between 500 and 5,000,
while a town or suburb has an urban cluster with a population over 5,000.

This approach identifies individual towns and villages, but one type of settlement did not fit
either definition but was not a suburb either. These settlements are larger than 5,000 inhabitants
(so not a village), have a density below 1,500 inhabitants per sq km (so not a town) and are not
adjacent or close to a town or a city (so not a suburb). Therefore, we created two types of towns:
dense towns (defined as above) and semi-dense towns, are defined by an urban cluster of more
than 5,000 inhabitants is located more than 10km from a city or a town.
To define the towns and the suburbs, three types of grid cells were defined.
•

A dense urban cluster consists of contiguous cells with a density of at least 1,500
residents per sq km and a population between 5,000 and 50,000 in the cluster

•

A semi-dense urban cluster is an urban cluster (see above) located more than 10
km from a dense urban cluster or an urban centre (distance is measured between the
edges of the clusters)

•

Suburban cells are the remaining cells in an urban cluster, i.e. not part of a dense
or semi-dense urban cluster

Rural areas were broken down into three classes: villages, dispersed rural areas and mostly
uninhabited areas.
•

A rural cluster consists of contiguous cells with a density of at least 300 residents
per sq km and a population between 500 and 5,000 in the cluster.

•

Low density rural grid cells are cells with a density between 50 and 300
inhabitants per sq km

•

Very low density rural grid cells are the remaining rural grid cells, i.e. those with
a density of less than 50 inhabitants per sq km

These grid concepts can be used to define small spatial units as following
14

•

Towns have the majority of their population living in a dense or semi-dense urban
cluster

•

Suburbs have the majority of their population living in suburban cells

•

Villages have the majority of their population living in a rural cluster

•

Dispersed rural areas have the majority of their population living in low density
rural grid cells.

•

Mostly uninhabited areas have the majority of their population living in very low
density rural grid cells.

To ensure that all six classes of the refined degree of urbanisation are properly represented also at
the spatial unit level, these units would have to very small. Using large spatial units will lead to
lower or even no population in mostly uninhabited areas because few large spatial units would
have the majority of their population in very low density grid cells. It also tends to reduce the
population share in rural areas.
3.4. The global human settlement layer and its population grid
The Joint Research Centre of the European Commission has developed a new, global, open and
free population grid4 called GHSPop (Freire et al., 2018). It combines population data collected
by CIESIN at Columbia University (GWP v4) with a built-up area grid called the Global Human
Settlement Layer or GHSL (Corbane et al., 2017). It is currently the only published global
residential population grid5 and it is free6.
Global Human Settlement Layer is based on the LandSat imagery with 30 by 30m resolution.
Built-up areas are automatically detected using an algorithm and machine learning using satellite
imagery from Sentinel 2 with a 10 by 10m resolution.
To produce the population grid, the population within each census unit is distributed proportional
to the built-up area. This is a very transparent and simple method, but it does have three
drawbacks linked to the detection of built-up areas, the distribution of population within the
census unit and matching population boundaries to with the built-up area layers.
With regard to the detection of built-up areas, there are two risks. Under-detection of built-up
areas or omission will lead to an overconcentration of population. Over-detection of built-up
areas or co-mission will lead an overdispersal of the population.
With regard to the distribution of population within a census unit, there are two important issues
to take into account. This method will allocate population to non-residential areas as it cannot
distinguish between different types of built-up areas. This will reduce residential densities. This
method assumes that the ratio between built-up area and population is identical in the entire
census unit. As a result, it will allocate the same number of people to each sq meter of built-up
area covered by large villas as to covered by a slum, the same number of people to per sq m of
land covered by a 20-story building as covered by a single-story building. The impact of these
two issues depends on both the size and the diversity of the census units. If the residential
4

https://ghsl.jrc.ec.europa.eu/
LandScan by Oak Ridge National Laboratory produces an ambient, not a residential, population grid. The
method used to produce this grid is not published and the grid is not free.
6
It can be downloaded here: https://ghsl.jrc.ec.europa.eu/data.php
5
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densities are homogeneous with a census unit, this does not lead to a significant distortion.
However, if there are many different residential densities and different types of land use within a
census unit, they can have a significant impact. In large census units, it will reduce overall
residential densities and increase the density in low density areas and reduce the density in high
density areas.
This method relies on the boundaries of the population units as collected and harmonised by
CIESIN. In some cases, the boundaries are displaced or population is attributed to the wrong unit.
GHSPop will inherit all inaccuracies present in this population data and their boundaries.
Despite these issues, this global population grid presents a major step forward in our
understanding of the global population distribution and subsequently the level of global
urbanisation.
4. COMPARING THE DEGREE OF URBANISATION TO THE FIGURES REPORTED
IN THE WORLD URBANIZATION PROSPECTS
This section compares the results of the degree of urbanisation with the data published by the UN
DESA Population Division in the World Urbanization Prospects (UN DESA, 2018) based on
national definitions. First, we compare the share of population in urban areas with the degree of
urbanisation. Second, we compare cities with at least 300,000 inhabitants with the urban centres
(cities) with at least 300,000 inhabitants.
Please note that all the data presented here is only at the grid level. Unfortunately, it was not
possible to obtain a global layer with all the census enumeration areas or other small spatial units.
Therefore, the data here only covers the first step of the degree of urbanisation: i.e. the coding of
the grid cells. For ease of reading, the terms for the spatial units are used here, although the data
refers to the grid cell concepts. Finally, we show the results using an alternative global population
grid to test the impact of the assumptions needed to create a global population grid.
4.1. Urban and rural population shares
The population shares in the nationally defined rural areas are quite similar to the rural areas as
defined by the degree of urbanisation in the Americas, Europe and Oceania (see Figure 3). In
Africa and Asia, the population share in nationally defined rural areas is much larger than in the
rural areas as defined by the degree of urbanisation. In most cases, it is closer to the population
share in cities as defined by the degree of urbanisation. When assessing the national definition,
we argued that some countries consider only large settlements (i.e. with at least 50,000
inhabitants) as urban, while smaller settlements are considered rural. For example, Japan and
China use a minimum population threshold of 50,000 and 100,000 respectively. China uses a
density threshold of 1,500, which is identical to the cities density threshold used in the degree of
urbanisation. Part of the difference of the rural population shares, however, is due to the
uncertainty in the data (see section 4.3). Given that three quarters of the global population lives in
Asia and Africa, the global results also show a much lower share of population in rural areas
using national definitions than using the degree of urbanisation.
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Figure 3 Degree of urbanisation and nationally defined urban areas, 2015
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The three degrees of urbanisation can be further refined to distinguish towns from suburbs and to
identify villages, dispersed areas and mostly uninhabited areas in rural areas. The refined degree
of urbanisation does require an even more precise population grid. As a result, in sub-regions
where the spatial resolution of population data is low the population distribution should be taken
as a rough approximation.
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Figure 4 The refined degree of urbanisation, 2015
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Globally, 18% of the population lives in towns and 15% in suburbs. In Africa, Central and South
America suburbs capture a much smaller share of the population than towns. In contrast, suburbs
in Northern America, Oceania and in Europe capture a larger or similar share of the population as
towns do. In Asia, the picture is less clear with a larger population in suburbs in Eastern and
Central Asia and significantly more in towns than suburbs in Western and Southern Asia.
4.2. Comparing cities
In marked contrast to the big differences found in the share of rural population, the share of the
population living in cities of at least 300,000 is identical at the global level. The World
Urbanization Prospects (2018) lists 1,772 cities with at least 300,000 inhabitants in 2015, which
together account for 31% of the world’s population. The degree of urbanisation identifies 1,773
urban centres (which defined cities) with at least 300,000 inhabitants, which account for 31% of
the global population. This striking near identity is accidental and not something that was reverse
engineered. One of the reasons for this high level of agreement could be that conceptually there is
less disagreement on how to identify a large city as compared to urban and rural areas.
Despite the identical figures at the global level, substantial variations remain at the national level.
With slightly higher shares using national definitions in Europe and the Americas and in some
cases lower shares in Africa and Asia.
One conceptual difference is still apparent in these figures. The share of population in cities over
300,000 based on national definitions is considerably higher in North America and Oceania (60%
vs 38% and 49% vs 30%). This mainly due to the inclusion of suburbs in the national definitions,
while they are reported separately in the degree of urbanisation.
Suburbs have two linked, but distinct characteristics. The first is a hierarchical link to a nearby
city or urban area with larger population and a higher density, hence the term sub-urban. The
second is a particular style of neighbourhood development that consists primarily of moderate
18

density residential development. While the degree of urbanisation can identify suburban
neighbourhoods, it does not identify functional links. The EU-OECD functional urban area
definition identifies a commuting zone around each city, which does capture the link between
outlying residential areas with a nearby employment centre. A commuting zone, however, does
not exclusively contain suburban neighbourhoods but can also encompass smaller towns.
Please note for the nationally defined cities only a point location is provided. As a result, the full
extent of these cities is unknown. To compare the two definitions, city points within the
boundaries of an urban centre or within a buffer of 5km of an urban centre were considered as
matching. Urban centres and city points that were more than 5km apart were considered as not
matched. The buffer was added as a precautionary measure to avoid misclassifying matching
cities. However, the impact of the buffer is very small as virtually all the points fell within the
boundaries within city.
The urban centres included in this comparison have been manually validated. Urban centres that
were judged to not represented a city or were not certainly representing a city were excluded
from this comparison. As a result, the population in urban centres reported here is slightly lower
than in the previous section (45% instead of 48%). Most of the urban centres that were excluded
can be found in Middle and Eastern Africa, Southern Asia and Oceania. Population data with a
low spatial resolution and buildings which are more difficult to detect using satellite imagery are
the main factors leading to urban centres that did not clearly capture a city.
Figure 5 Population in cites over 300,000 based on national definitions and the degree of urbanisation,
2015
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Population in nationally defined cities that
match an urban centre by size, 2015
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Figure 6 Population in nationally defined cities that match an urban centre by size, 2015

an urban centre 50,000-300,000 pop

Globally, the degree of urbanisation matches very well with the population in nationally
defined cities with at least 300,000 inhabitants. Of the population living in such cities, 92%
can be matched with an urban centre of 300,000 inhabitants and another 7.4% city with an
urban centre between 50,000 and 300,000. As a result, only 0.6% of the population of these
nationally defined cities cannot be matched with an urban centre. The pattern in the various
sub-regions is very similar with a strong match with the urban centres over 300,000 and the
almost the entire remaining population matching with an urban centre with a population
between 50,000 and 300,000.
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Figure 7 Population in urban centres over 300,000 inhabitants that match a nationally defined city,
2015
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Globally, the urban centres of at least 300,000 inhabitants match well with the nationally defined
cities of 300,000 inhabitants with 89% match (see Figure 7). In the Americas, Europe and Oceania
the match is particularly high (all over 95%). The match in Africa and Asia is less high, between
76% and 95%. No information is available on smaller nationally defined cities therefore we cannot
check whether these unmatched urban centres can be linked to a smaller city.

4.3. Assessing uncertainty
The data presented so far relies on the global, open and free population grid produced using the
CIESIN population data and the global human settlement layer. In this section, we compare these
results with the results of another draft global population grid (World Pop) which uses mostly the
same population input data but uses a very different approach to disaggregating the population.
This grid produced by WorldPop7 relies on multiple input data to detect built-up areas including
the global human settlement layer and the global urban footprint as well as other sources such as
land cover, land use and transport networks.
One of the key differences between the two grids is that World Pop will assign population to cells
where no built-up areas was detected. Because this leads to a more dispersed population, the
share of population in rural areas using the World Pop grid is consistently higher. One of the
benefits of this approach is that it can overcome problems in areas where a significant share of
the built-up areas is not detected for example due to tree cover or similar colour spectrum of the
7

http://www.worldpop.org.uk/
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soil and the buildings. By using multiple sources of information, it is less sensitive to errors in a
single source. Some of the drawbacks of this approach are that it is more complicated and can
lead to an over-dispersion of the population.
The differences in the degree of urbanisation between the two grids tend to be small for subregions where spatial resolution of the data is high (see Table 1). For example, in Northern
America the population weighted average size of the census units is 1 sq km. This means that on
average it has the same resolution as a 1 sq km grid. These census units do vary in size. In dense
areas, they tend to be really small, where they can be individual city blocks. In such an area,
creating a 1 sq km grid is only a question of aggregation. In low density areas, census units are
bigger, which means some disaggregation is still required to create the grid. Thanks to the high
spatial resolution and the high quality and accuracy of geo-spatial information in Northern
America, the two grids are very similar and the population shares by degree of urbanisation are
virtually identical: the population share in cities using World Pop is 0.4% lower, in towns and
suburbs it is 0.3% lower, while in rural areas it is 0.7% higher.
In the sub-regions in Europe, the differences tend to be small with the exception of Eastern
Europe, which due to Russia has a much larger size of census units. In the Caribbean, Central and
South America, the differences are a bit larger with rural population shares between 9% and 15%
higher using World Pop, due to census units that range from 144 sq km to 939 sq km.
In Asia, the situation is mixed. In Eastern Asia, the differences are not that big and the size of
census units is 144 sq km. In the other Asian sub-regions, however, census units are much bigger,
between 1000 and 24,000 sq km, and the differences in the rural population share are much
bigger, between 8% and 27% higher using World Pop. In Oceania, the situation is also mixed
with very small differences found in Australia and New Zealand, but extreme differences found
in Papa New Guinea where the average census unit is 5,000 sq km.
The biggest differences are found in the African sub-region with the exception of Southern
Africa. The estimates of the rural population share using World Pop are between 18% and 41%
higher than using GHSPop, which is linked to the coarse population data with size ranging from
1,600 to 10,4000 sq km.
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Table 1 Comparing the population shares by degree or urbanisation using GHSPop and World Pop, 2015
Population share according to
GHS Pop in %

Population share according to
World Pop in %

Difference in degree of urbanisation using
World pop and GHS pop, in % points
Towns &
suburbs

CIESIN census units in
sq km

Population
Average
Rural areas weighted
size
average size
18
3,628
5,512
41
10,400
11,954
35
1,684
1,697
28
1,634
2,218
4
692
752

Cities

Towns &
suburbs

Rural
areas

Cities

Towns &
suburbs

Rural
areas

Northern Africa
Middle Africa
Eastern Africa
Western Africa
Southern Africa

62
53
43
49
43

34
23
44
32
31

11
19
23
22
27

48
23
14
25
41

22
17
28
25
28

29
61
59
51
31

-14
-31
-29
-24
-2

-11
-7
-16
-7
-3

Eastern Asia
Western Asia
Central Asia
South-Eastern Asia
Southern Asia

45
60
35
47
54

38
26
43
35
35

17
15
18
20
14

42
41
15
35
29

36
26
39
33
49

23
33
46
33
22

-3
-20
-20
-12
-25

-3
0
-4
-2
14

6
18
27
12
8

145
5,360
23,998
1,408
956

197
3,629
28,271
1,851
852

Northern America
Central America
Caribbean
South America

49
55
45
58

25
27
38
26

28
21
16
17

48
48
38
50

24
22
31
22

28
30
31
28

-1
-7
-8
-8

-1
-5
-6
-4

0
8
15
11

1
144
292
939

2
97
277
1,154

Northern Europe
Western Europe
Eastern Europe
Southern Europe

47
35
39
38

29
33
30
33

24
32
32
26

46
33
35
38

28
32
23
32

26
34
42
30

-1
-2
-4
0

-1
-1
-6
-1

2
2
10
3

146
90
5,649
94

173
31
3,481
42

Oceania

52

31

25

35

26

39

-17

-5

14

1,095

1,218

World

48

33

19

36

34

30

-13

1

12

1,610

2,601

Cities

Please note that the data in this table does not fully correspond to the data in figure 2 as it uses an earlier version of the data. This will be corrected in the final paper.
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Correlating the population weighted average size of the census units with the average absolute difference
between the degrees of urbanisation shows that more than 50% of the variation the difference is explained
by the size (Figure 8). To avoid biasing this analysis, a few outliers were dropped: countries with a
population below 50,000 and countries with an average census unit size of more than 10,000 sq km.
A different way to assess the two grids is to see which grid captures most of nationally defined cities,
without adding many cities. In about half the sub-regions, the two grids capture the same share of
population of national defined cities (Figure 9).In the other half, GHSPop captures more of the nationally
defined cities. For example, in Middle Africa the urban centres based on GHSPop only miss 7% of the
population nationally defined cities, while those based on World Pop miss 21%. Globally, the difference is
small: GHSPop misses 8%, World Pop misses 11%.
Conversely, GHSPop produces a higher share globally of population in urban centres of at least 300,000
inhabitants that do not match a nationally defined city: 11% as compared 5% using World Pop (see Figure
10). In most sub-regions, however, the results are virtually identical: all the sub-regions in the Americas
and Europe, Oceania, Southern Africa and Eastern Asia. In the remaining sub-regions, World Pop
produces less population in urban centres that do not match a nationally defined city. For example, in
Middle Africa World Pop has 5% of the population urban centres of more than 300,000 inhabitants that do
not match a nationally defined city as compared to 11% for GHSPop.
Figure 8 Differences in degree of urbanisation and the size of census units

Population weighted average size
of the census units in sq km

Differences in degree of urbanisation
and size of census units
10,000

1,000

100
y = 100.48x - 259.79
R² = 0.5178

10

1
0

5

10

15

20

25

30

35

Average difference in population by degree of urbanisation using GHSPOP and
World Pop, in percentage points

40

GHS Pop

World

Oceania

Northern Europe
Western Europe
Eastern Europe
Southern Europe

GHS Pop

Northern America
Central America
Caribbean
South America

Eastern Asia
Western Asia
Central Asia
South-Eastern Asi a
Southern Asi a

Northern Africa
Middle Africa
Eastern Africa
Western Africa
Southern Africa

Share of poulation, in %

World

Oceania

Northern Europe
Western Europe
Eastern Europe
Southern Europe

Northern America
Central America
Caribbean
South America

Eastern Asia
Western Asia
Central Asia
South-Eastern Asi a
Southern Asi a

Northern Africa
Middle Africa
Eastern Africa
Western Africa
Southern Africa

Share of poulation, in %

Figure 9 Nationally defined cities that do not match an urban centre of at least 300,000 inhabitants by population
grid, 2015
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Figure 10 Urban centres of at least 300,000 inhabitants by population grid that do not match a nationally defined
city, 2015
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The comparison of the two grids does not allow us to identify which one is the closest to real distribution
of population. It does show in which locations there is a considerable uncertainty. Notably, in Africa, the
two grids produce very different estimates of the rural population (20% with GHSPop vs 50% with World
Pop). Better remote sensing data and other geo data can help to improve the accuracy of the population
grids, but higher resolution population data will be needed to overcome some of the inherent challenges of
downscaling residential population. The next census round will produce more high resolution population
data and more population grids. In countries, where such high resolution data is missing the location of
mobile phones could be used to estimate the distribution of the residential population.
Despite the differences between the two results, one conclusion is uncontested the population share in
urban areas (defined as settlements over 5,000 inhabitants) is considerably higher than the figures reported
in the World Urbanization Prospects (56% vs 70% with WorldPop and 81% with GHSPop).
5. CONCLUSION
This paper argues that national definitions of urban areas are too different to be used for international
comparisons. With minimum settlements sizes ranging from 200 (Denmark) to 100,000 (China) this should
not come as a great surprise. The main theoretical reasons why they are too different are that 1) half the
countries rely on an administrative designation, which cannot be replicated, 2) the other half do use a
statistical definition but many rely on indicators that are either not available for all countries or not suitable
for a global definition and 3) the countries that use a minimum population size use different thresholds and
apply them to units of very different shapes and sizes. A new global population grid was used to test whether
empirically the population shares in nationally defined urban areas could be replicated using criteria of
density and size. Multiple test showed that the sub-regions in the Americas, Europe and Oceania required
low population density and size thresholds, while those in Africa and Asia typically required high population
density and size thresholds. This suggests that the term ‘urban areas’ may be lost in translation. Some
countries use it to refer exclusively large settlements, while other use it both from medium-sized and large
settlements.
A new method to define 1) cities, 2) towns and suburbs, and 3) rural areas called the degree of urbanisation
has been tested at the global level by applying it to a new population grid (GHSPop). This produces very
similar population shares in rural areas as compared to nationally defined rural shares in the Americas,
Europe and the Oceania, but very different shares in Africa and Asia. This could be because urban areas in
Africa and Asia typically only refer to larger settlements, while medium-sized settlements are included in
the rest of the world. The global population share in cities of 300,000 inhabitants or more as defined by the
degree of urbanisation is virtually identical to the share based nationally defined cities of at least 300,000
inhabitants. This suggests that there is a greater consensus on what consists a city than what consists an urban
area. It also implies that the degree of urbanisation does a good job identifying large cities. The degree of
urbanisation, which was originally developed for the European Statistical System, was further refined to
capture the full settlement hierarchy. The refined version identifies six classes: 1) cities, 2) towns, 3) suburbs,
4) villages, 5) dispersed rural areas and 6) mostly uninhabited areas.
The degree of urbanisation was also applied to a draft global population grid developed by WorldPop to
assess the uncertainty in these disaggregation grids and their consequences for the estimates of the urban and
rural population shares. It shows that in particular in Africa and some parts of Asia, a high degree of
uncertainty remains and recent population data with a much higher spatial resolution are needed to produce
more conclusive urban and rural population shares.
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Developing and agreeing on a global, people-based definition of cities and settlements is essential to reliably
compare urbanisation levels, rural areas and cities across national boundaries. The UN Sustainable
Development Goals call for indicators to be produced for urban and rural areas as well as for individual
cities. The degree of urbanisation has been developed and tested to allow all countries in the world to
complement their own national definitions with an international one that enables far more reliable global
comparisons.
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